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HexoTopasa TeopuAi...

Anexcanpp KpaByenko
Komnauna Zinteco, r.Knes
vitad6@yandex.ru
www.zinteco.com

B cratbe «Bbibop nomeweHus nog CTyauio»,
(cm. Install Pro, 2003, N°2) mbl B 06wem obcyaunu Lenm u
33141 HaCTOSILEro LiMKNa CTaTel U OCTaHOBUNMCh B YacT-
HOCTW Ha BOMpoce Bbl6opa NoMelLeHust nop Bymyulyto cTy-
M0 1 €r0 NPeaBapUTENbHON NoarotoekM. Ho npexpe Yem
MPUCTYNUTb K faNbHERLIEMY U3NOXEHWI0 MaTepuana, Heob-
XOBMMO MOTOBOPUTL O HEKOTOPbIX TEOPETUHECKNX BOMPO-
cax, 6e3 pacCMOTPEHMS KOTOPbIX fianbHenee 06CyxaeHme
«OKOMOCTYAUiHBIX» NPO6NEM MOXET nokasatbes Heybemu-
TeNbHbIM U faXe 3aTPyAHUTENBHBIM. Beﬂ,b Oanblie Mbl BCe
yawe 6ynem ynotpebnsTb Takue MOHATUS, Kak «(hasa»,
«Bpems peepbepaunm», «<Mofibl», «CTOSHME BOMHbI» W T.M.
YBepeH, 4To 6OMbWWHCTBY YMTaTENE 3TO BCE XOPOLO U3-
BECTHO. TeM He MeHee BCMOMHMTb ele pas unm MpocTo
YTOYHUTL TEPMUHOMOTMIO HE nomewaer. Mano Toro, uc-
MONb30BaHNE 3TUX 3HAHUIA MOXET ObITb MONE3HLIM 1 B MO-
BCeOHEBHOIA paboTe 3BykouHXeHepa. Hanpumep, uHorpa
BO BpeMsi 3anucu, Npexpae YeM XBaTaThCst 3a pyyki aKBa-
naisepa, [OCTATOMHO NPOCTO NEPECTaBUTb MUKPOGOH
Wnnu My3bIKanbHblii UHCTPYMEHT B ApYroe MecTo TOro xe
€amoro MoMeLLEHus, 1 3TOT METOA OAHO3HA4HO BypmeT 60-
nee npuemnembIM, 4em akeannsaums. OgHako — 060 BceMm
1o nopsiaxy.

3ByKoBan BO/HA

Yro xe npefcTasnser coboii 3BykoBas BonHa? 3ByK
COCTOWT U3 MHOXECTBA NMOKaNbHbIX U3MEHEHMIA NNOTHOCTH
BO30yXa, KOoTopble BOMHOOOPA3HO PacnpoCTpaHsoTCs B
BO3YLUHOI Cpene C OnpeneneHHoi CKOpOCTbI0, HasbiBae-
MOW CKOPOCTbIO 3BYKa. Mpu 06bI4HOI KOMHATHOI TEMMNEepa-
Type CKOpOCTb 3ByKa cocTaBnsieT okono 340 m/c, a ee He-
3HaYNTENbHbIE OTKNOHEHUS 3aBUCST MMaBHLIM 06pa3oM OT
Temnepartypbl Bo3gyxa. Ha Bcex yactotax 3BykoBas BofHa
pacnpoCTpaHSETCs NPaKTUYECKM C OANHAKOBOW CKOPOCTHIO.
CkopocTb 3Byka 0603Ha4aeTCcs B JOpMynax CUMBOMOM «c».

OpHMMM 13 TMaBHbIX XapakKTepuUCTUK 3BYKOBOIA BOMHbI
ABAAIOTCA €e AMHa (onpedensiemas KonM4ecTBOM nepuo-
[OB/UMKNOB N3MEHEHNS aBNeHN 3a eQUHULY BPEMEHM),
amnnuTyaa (MakcumanbHas pasHuLa Mexay cambiM BbiCO-
KM ¥ CambiM HI3KUM [aBNEHNEM BHYTPU OFHOTO LMKNa),
(hopma BOMHbI U Mp.

PaccTosHue, KoTopoe 3BYKOBasi BOMHA MPOXORUT CO
CKOPOCTbI0 3BYKa 32 OMH LMKN HA ONpeneneHHoN YacTote,
Ha3bIBAETCS [NHOM BOMHbI. Mof NOMHbIM LWKNOM noppasy-
MEBAEeTCS MOBLIEHNE [ABNEHUS BO3MyXa, MPOXOXAEHMe
€ro 4epes TOHKy HaubONbLIErO [ABNEHNS, 3aTEM MOHNXE-
HWe [aBneHus, NPOXOXHEHNE Yepes «HYNeBYyIo OTMETKY»,
[fanbHeiillee MOHWKEHUE AABNEHNS C MPOXOXOEHUEM Ye-
pe3 TOuKY MakCUManbHOro PaspexeHus, a 3aTeM MoBbIle-
HWE [aBNEHNS [0 WCXORHOI BEMUYMHbI. Takum 06pasom,

install

OOVH LMKN BKMtoYaeT B cebs ABa nonyuukna: AaBneHns u
pa3pexeHus (puc. 1). AnuHa BONMHbI M3MEPSETCS B METPaX
(meummetpax, caHTUMeTpax), a B hopmynax o603HaqaeTcs
CUMBONOM «A» (nambpa).

KonuyecTeo NOMHbIX LMKNOB M3MEHEHNS AABNEHUS 3a
€AMHULY BPEMEHM Ha3blBAETCS 4acToTon. YacTtota 3ByKO-
BOW BOMHbI M3MEPSIETCS B KOMMYECTBE MOMHbIX LMKMOB 3a
CEKyHAy, a UMeHHO — B repuax. B dopmynax yacrora 060-
3HaYaeTCs CUMBOIOM «f»,

Mexay nuHOM BOMHbI, YacTOTOM M CKOPOCTLIO 3BYKa
CYLLECTBYET B3aMMOCBS3b, KOTOPas BbIPaXaeTcst MPOCTON
thopmynoit A = ¢/f. Opyrumu cnosamu, AnuHa BOMHbI paBHa
CKOPOCTY 3BYKa, MOJENEHHON Ha YacToTy. Hanpumep, Ham
HYXHO onpeaenuTb AnHY BonHel Ha yactote 100 M. Mop-
CTaBnseM 3HaueHns B opmyny: A= 340:100= 3,4 m. A
4ToBbl HE NpuberaTb MOCTOSIHHO K (HOpPMyNe, MOXHO [0-
BONMbHO ObICTPO COCTaBUTbL HebombLuyo Tabnuuy, otobpa-
XaloLLyt0 COOTHOLIEHME YaCTOThl K AfIMHE BOMHbI.
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Puc. 1. 3ByKkoBasi BOfIHa cCUHycomnganbHOH (hopMbl:
B — TOYKa HauBbICLLIEro AaBeHNns;
D — To4Ka MaKCUMalIbHOIo Pa3pexeHnst;
A-C — nonyumkn paBneHms;
C-D — nonyumnkn paspexeHusi.

PacnpoctpaHeHue 3BykoBO# BOMHbI 1 (hasa. Kak xe
MPOMCXOAUT PacnpocTpaHeHe 3BYKOBOW BOMHbI B MOMe-
WeHnn? PacnpocTpaHssick B MOMELLEHUM OT CBOErO UCTOY-
HUKa (FPOMKOTOBOPUTENS, MY3bIKANbHOMO WMHCTPYMEHTA
np.), 3ByKOBas BOMHA paclMpsieTcs A0 Tex nop, noka He
[OCTUrHET rpaHNYHbIX I'IOBerHOCTeVI 9TOr0 NOMeLLeHNns:
CTeH, nona, noTonka 1 1.4a. Yactb SHeprumn 3ByKOBOI7I BOJHbI
(0ocoBeHHO B HW3KO4ACTOTHOM AManasoHe) NPoOXopuT
CKBO3b CTEHbI, 4acTb MOMMOWAETCS BHYTPM CTEH, a YacTb
OTpaxkaeTcs 06paTHO BHYTPb NOMeLLeHIs. B pasHolii ctene-
HW BCE TPY BMAA PacrpefeneHns 3ByKoBOW SHEPrui npu-
CYTCTBYHOT NPaAKTUHECKM BO BCEX CMy4asiX, HO Mbl 30€Ch OC-
TaHOBMMCSA Ha nocnegHem.

OtpaxeHHas 3BykoBasi BOMHA, NOTEPSB YaCTb 3HEP-
rW, U3MEHNT HanpasneHne u ByaeT pacnpocTpaHATLCS A0
Tex nop, noka He AOCTUTHET [PYrux MOBEPXHOCTEA nome-
WeHNs, OT KOTOPbIX OHA CHOBA OTPA3UTCS, NOTEPsB Mp
3TOM elle YacTb SHepruw, 1 T.4. Tak 6ymeT NpoaomKaThCcs
[10 TeX nop, NoKa sHeprusa SByKOBOI7I BOMHbI OKOHYaTeNnbHO
He yracHer. Ecnu, Hanpumep, B MyCTOM NOMELLEHIM BKITHO-
YWTb Mapy rpOMKOTOBOPUTENEN, TO 3BYK OT HUX HauHeT
CTankMBaTbCsl C MOBEPXHOCTAMK MOMELEHNS U nepeme-
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Puc. 2. CuHycomnpanbHas BosiHa; aMnnntyga u (pasa. Ecnv npotsikeH-
HOCTb repuMeTpa OKpY>XHOCTHU paBHa ORHOMY LMKITy CUHYCO-
uabl (paccrosiHne ot A go E), To no mepe BpalleHus pagnanb-
Hasi IMHNS1 3TON OKPYXHOCTH ByaeT noka3sbiBaTb yros, KoTo-
Pblii COOTBETCTBYET 3Ha4eHUI0 ¢ha3bl CUHYCOUAbI B KOHKPET-

HOM ToYKe.
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Puc. 3. ®aszoBasi 3aBUCUMOCTb OTpaXKeH-
HbIX BOJIH. 3BYKOBble BOJIHbI Ha
pasHbIX 4YacToTax (a, 3Ha4YuT, U
pa3Hoi [NHBI), M3nyHaembie UC-
TOYHMKOM 3BYKa C OBQHOW U TOM Xe
¢ha3oi, nocne nNpPoxoxpeHus ogu-
HaKoBOro paccTosiHWSl [OCTUraioT
MoBepXHOCTH C pa3HOM ¢ha30i.

LaThCs MO 04EHb COXHBIM TpaekTopuaMm. Ha ciyx ato by-
[T BOCMPUHMMATBLCA TaK: CHa4ana Mbl YCrbIWAM NPSMON
3BYK HENOCPEACTBEHHO OT FPOMKOrOBOPUTENEN, CYCTS He-
CKOMbKO MUNNMCEKYHA B NPAMON 3BYK «BMELAIOTCS» nep-
Bble (M Camble CUMbHbIE) OTPAXEHNs OT NOBEPXHOCTENA, a
elle yepes Kakoe-TO BPEMS 3TUX OTPaXeHWd (XOTH 1 Ha-
MHoro 6onee cnabbix) 6ynet Benukoe MHoxecTso. CobeT-
BEHHO, WX Mbl M Ha3biBaeM peBepbepauneir. Keratu, pac-
CenBaHne 3ByKOBOWM SHEPriW B MOMELLEHU NpeacTaBnset
c060i1 NpeBpalleHre ee B OCHOBHOM B TEMMOBYIO SHEPrUI0
13-3a COMPOTUBMEHNS BO3MYXa W BCEACTBIME KaXHAOro Co-
MPUKOCHOBEHNS C MOBEPXHOCTAIMI CTeH. He no aToi nu
MpUYnHe B CTYANSX C XOPOLUIMM 3BYKOMOTMOLEHNEM YacTo
ObIBaET TaK Xapko?

Ho npexae Mbl paccCMOTPUM «MOBEAEHNE» PaHHIX OT-
paXxeHuil 1 Te S(GEKTI, KOTOPbIE OHI MPON3BORAT. 3BYKO-
Bas BOMHA MPU CTOMKHOBEHUN C MOBEPXHOCTbIO YaCTU4HO
OTpaXxaetcs Mog TeM Xe Yrnom, Nof KOTOpbIM NapaeT Ha
3Ty NMOBEPXHOCTb, HO €e (hasa Mpu 3TOM He U3MEHseTCA.
Yro Takoe ¢hasa? MpencTasum cebe OKPyXHOCTb, NPOTS-
XXEHHOCTb NepuMeTpa KOTOPOil paBHa PacCTOSHMIO MeXay
Toukamu A 1 E (puc. 1 1 2), opyrumn cnosamu, pasHa anu-
He BOMHbI Ha onpedeneHHoin vacTote. Mo mepe «Bpalle-
HUS» 3TOI OKPYXXHOCTM €e PamnanbHas MMHUS B KaXAOM
OTAENbHO B3ATOM MECTE CUHYCOMTbI BYNET HaXomMTLCS Ha
OMpefeneHHOM YrmoBOM pacCcTOSHUN OT HA4anbHOW TOUKY,
4TO M BYAET 3Ha4eHMeM (asbl B KaxOom Takoil Touke. da-
3y M3MepsIoT B rpagycax, pexe — B paguaHax. OgvH pagu-
aH — 370 Yrof, Npu KOTOPOM OKPYXHOCTb «MPOBEPHYNacs»
Ha pAnuHy csoero papuyca. Moatomy 360° = 27 papuaqa
(Apyrumun cnosamu, AnNHA OKPYXHOCTM pasHa 27T YMHO-
XEHHOe Ha 3Ha4eHwe papuyca). Otciopa 1 paguaH =
360°/2m= npumepHo 57,3°.

BonblMHCTBY 13 HAC U3BECTHO, YTO M3MEHEHMe (hasb
Ha 180° npuBOAMT K W3MEeHeHno nonspHocTy. [ostomy,
€ecnv cMeLwaTh iBa CUrHana opMHaKoBO! YacToTbl 1 amnnu-
TyObl, HO HecoBnapaowmx Ha 180° no dase, To oHK GyoyT

B3aumMonorawarbcs. oBopoT (asbl curHana Ha 360 wnu
720° paBeH COOTBETCTBYIOLEMY KONUYECTBY MOMHbIX LMK-
10B, @ 9T0 03HAYAET BO3BPAT K HYNEBOMY 3HA4EHMIO (asbl.

NTaK, Mbl yXe roBOpUnM, 4To MpU CTONKHOBEHUM 3BY-
KOBOI BOMHbI C MOBEPXHOCTbIO (ha3a 3BYKOBOM BOMHbI HE
n3MeHsIETCS. Mbl TaKXKE BbISCHUNM, YTO MEXAY PaccTOsHU-
€M, MPOANEHHbIM 3BYKOBOW BOMHOM, M (a3oii CywecTByeT
3aBMCUMOCTb. A 9TO 3HAYNT, YTO MPU JOCTUXKEHUN FPaHNY-
HOI1 MOBEPXHOCTM (ha3a 3BYKOBOW BOMHbI 3aBMCUT OT pac-
CTOSHWS OT MCTOYHMKA 3BYKA [0 MOBEPXHOCTM U OT YaCTo-
Thl 9TOI 3BYKOBOW BOMHbI. Ha puc. 3 MOXHO yBURETb, Kak
BOJHbI C Pa3NNYHOIA YACTOTON, pacnpocTpaHsIeMble OT of-
HOTO MCTOYHMKA, OXORST [0 OTPaXAIOLeil MOBEPXHOCTY C
pa3nuuHon (hasoir. dady OTPAXEHHOW 3BYKOBOW BOMHbI
MOXHO paccuuTatb U3 CYMMapHOro pPaccTosHUs, KOTOpoe
npowna BOfHA OT CBOEM0 MCTOYHWKA [0 FPaHW4HON Mo-
BEPXHOCTW 1 0BpaTHo. Ecnn 310 cymmapHoe paccTtosiHue,
pa3neneHHoe Ha [AnHY BOMHBI, JAET LIENoe 1neno, To (asa
BOMHbI B HA4arne v B KOHLE e MyTh COBMagaer.

Mofibl N pesoHaHCbl

Korga aBe rpaHn4Hble NOBEPXHOCTY NapannenbHbl, To
3BYKOBas BOMHA OTPaXaAETCs OT OJHOI U3 HWX B Hanpasne-
HUW [PYroM, 3aTeM CHOBA B 0BPATHOM HarnpaBneHu, 1 Tak
MHOTO pas [io Tex Mop, Noka He pacceetcs ee aHeprus. U
€CNN PaCCTOSIHNE MEXJY PaHNYHbIMM MOBEPXHOCTAMN —
OT MCTOYHMKA 3BYKA K NMEPBOI MOBEPXHOCTH, 3aTeM KO BTO-
poit 1 06paTHO K UCTOUHUKY — SBNSIETCS KPaTHbIM JNUHE
BOIHbI, TO BO3BPaLLaoLaAcs BonHa GyneT Takoil xe no a-
3e, YTO 1 ncxopAlas BonHa. B pesynbrate ux B3avumopeit-
CTBMS 9HEprisi 3ByKOBOW BOMHbI HA 3TOW yacTote Bymer
ycunuBaTbCs. 910 SBNEHME HA3bIBAETCH Pe30HAHCOM. Pe-
30HaHChl MOTYT BO3HUKATb TakxXe BCMIEACTBME OTPaKEHMS
OT MHOXECTBA NOBEPXHOCTE. [MaBHOE B TOM, YTOObI 3BY-
KOBasi BOMHA B KOHEYHOM WUTOre BO3Bpalanach B UCXOR-
HYI0 TOYKY C TOW Xe (asoil, C kakoii oHa Bbina B MOMEHT
n3nyyeHns. TpyoHO MPEACTaBUTb, CKOMbKO BO3MOXHBIX
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KOMBMHaLMIA, MOPOX[AIOWNX PE3OHAHCHI, MOXET ObiTb B
€amoM 06bIHHOM MOMELLEHNM.

HexoTopble 13 Takux OTPaXeHuil CHOBA W CHOBA MPO-
XOAAIT Ha3af W Briepen no OBHOMY W TOMY Xe MaplpyTy 1
CTAHOBATCS pe30HaHCHbIMM Mofamu. CylwecTByeT Tpu oc-
HOBHbIX TUMa PE30HAHCHBIX MOA, KOTOPbIE CKMOHHbI K Hapa-
CTaHuio 1 camoycunenmnio. OceBble MOfbl BOSHUKAIOT MEX-
[y ABYMS NapannenbHbIMI NOBEPXHOCTAMY W pacnpocTpa-
HAOTCA MapannensHo APYriM YeTbipeM NOBEPXHOCTAM Jlto-
60ro nomeLyeHns B hopme napannenenunesa (Yeteipe cTe-
Hbl, OTONOK 1 Non). TaHreHUManbHble (KacatenbHble) MOfbl
«XOPAT» MO KPYry, Kacasch YeTblpex NoBepXHOCTeN, 1 oc-
TalTCS NapannensHbIM1 ABYM OCTamnbHbIM MOBEPXHOCTAM.
Kocble (HakmoHHbIE) MOAbI «ryNAT» MeXAy BCEMM Liec-
Th0 MOBEPXHOCTAMY KOMHATHI M HE PacrpoCTPaHsIoTCS na-
pannenbHO HU OAHON 13 HUX.

Ecnu Mbl NpeacTaBum, YTO B NOMELLEHUI HUUTO HE Mo-
TMOLWAET SHEPruio 3BYKOBOW BOMHbI, TO KOPOTKMIA WMPOKO-
MOMOCHBII UMMYNLC OT UCTOYHIKA 3BYKa ByAeT pacnpocTpa-
HATbCS B MOMELUEHNM Henpenckasyemo. 3BykoBas BOMHA
OyAeT pacnpoCTpaHATbC MO CaMbIM MHOMOYMCAIEHHBIM
MapLupyTam, Ho yCunnBaTbCs ByayT TONbKO Te YacToThl U HA
TEX MapLpyTax, KOTOpbIe COOTBETCTBYOT PE3OHAHCHBIM Ya-
CcTOTaM, a BCe oCTanbHble ObICTPO yracHyT. B pesynbtate
Mbl MONYYKUM 3BYKOBOE none, KOTopoe 6yaeT npeacTasnsTh
c060I CyMMy BO3BYXAEHHbIX PE30HAHCOB. STW PE3OHAHC-
Hble HanpaBsfeHNsi Ha3blBAIOTCS €CTECTBEHHBIMI MOAAMM
MOMELUEHNS!, @ PE3OHAHCHBIE YaCTOTbl — ECTECTBEHHBIMM
yacToTamu MOMeLLeHUs (alreH-ToHamu). EcTecTBeHHble
MOfbl M ECTECTBEHHbIE YaCTOThI NOMELLEHNs OnpeaensioTcs
TOMbKO €ro reOMeTPUHECKUMI pa3mepamin i CBOMCTBaMM.

B npepbiayiiem ab3ave Mbl yMbILNEHHO PACCMOTPENH
Ccnyyail, Korga BHYTPU MOMELEHNs OTCYTCTBYET 3BYKOMO-
rnoweHune. Caenaxo 310 6610 Ans Toro, 4TobbI ACHEE Npo-
[AEMOHCTPUPOBATb BO3HUKHOBEHWE ECTECTBEHHLIX MOA U
€CTECTBEHHbIX 4acToT noMeLueHus. Ecnu xe nosepxHOCTy
MOMELLEHNs UMEeIoT 3BYKOMOMMoLatoLLme CBOICTBA, TO pe-
30HaHCHbIE MOAbI MO-NPEXHEMY CYLECTBYIOT, OAHAKO
3Heprins 3ByKOBOW BOMHbI 3aTyXxaeT ObICTPee M CKOPOCTb
9TOr0 3aTyXaHWsi 3aBUCUT OT CTENEHN 3BYKOMOMOWEHNS.
Ans noapepxaHus B 3BYKOMOTMOWAIOWEM NOMELEHNM
YPOBHSA 3BYKa Ha 3afjaHHOI OTMETKE MCTOYHMK 3BYKa AOM-
XEH MOCTOSHHO reHepupOBaTh 3BYK HA YPOBHE, KOTOPLIN
3aBUCHUT KaK OT Hann4ns B MOMELLEHNI BO3BYXAEHHbIX pe-
30HAHCHbIX MOA, TaK M OT CTEMEHM 3BYKOMOrMOLEHMs o-
BEPXHOCTEN MOMELLEHMS.

Ecnu B 3ByKOMOrMOWAIOLMX YCNOBUAX UCTOUHUK 3BYKA
13[aeT KOPOTKWUIA ONMHOYHBIA CUTHAN, 3TO NPUBOAUT K BO3-
GyXAEHNI0 MHOrOUMCIIEHHBIX MapPLUPYTOB ero ABMXeHNs. Ho
uepes3 KOPOTKMA MEpUop «BbDKMBAIOT» TOMbKO PE30HAHC-
Hble MOfbl, & MOMELLEHIE NPOROMKAET KaKoe-TO BPEMS «ry-
[€Tb» Ha PE30HAHCHbIX YacToTax 0 TEX NOp, NOKa MOAbI He
3aTYXHYT NOMHOCTbIO. KcTaTy, Bpems, 3a KOTOpoe 3Heprus
3BYKOBOW BOMHbI 3aTyXaeT Ha 60 Ab No OTHOLIEHWIO K CBOE-
My MCXOOHOMY YPOBHIO, Ha3bIBAETCS BpeMeHeM pesepbe-
paumm. M3mepseTcs 0HO Kak CpeHsis CKOPOCTb 3aTyXaHus
3BYKa B MOMELLEHNN C MOMEHTa PE3KOro MpepbiBaHuns pa-
60TbI NOCTOSHHO AEMCTBYIOLIErO UCTOYHMKA 3BYKa. [leTans-
Hee 0 BpeMeHu peBepbepaLnit — HyTb NO3XKE.

Mo Mepe yBenuueHNs CTeneHn 3BYKOMOrMOLLEHNs Mo-
BEPXHOCTEN KOMHaTbI YPOBEHb 3BYKa HA PE30HAHCHBIX Yac-
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TOTax Nafaer, a «4acToTHas nonoca» Kaxaon Mofsl (auana-
30H YaCTOT, B KOTOPOM MOfia MOXET 6onee uin MeHee BO3-
ByxpaTbcs) yenuumsaetcs. M ecnu npencTasuThb, YTo no-
BEPXHOCTU CTeH obnapaioT 100%-HbIM 3BYKONOMMOLEHNEM
(Hanpumvep, 6e33x0Bas kamepa), To B 3TOM cyyae GyoyT
OTCYTCTBOBATH AaXe NepBble OTPXEHUS 3BYKOBOW BOMHI.
A ecnv 370 Tak, TO NPONagaoT U MapLPYTbl ATUX OTPaXe-
HUIA, & 3HAYUT MOfbI MPEKPALLAIOT CBOE CYLLIECTBOBAHME.

Takum 06pa3om, 3HauUTENbHAs YacTb STOM CTaTby Oy-
[eT NOCBSLEHa MOfiaM, Pe30HaHCaM M X pacnpeneneHnto
B NOMeLLEHUN. M 3TO He yaMBMTENBHO, Tak Kak UIMEHHO OHM
B OCHOBHOM 1 OMPERensioT aKycTuyeckne oCo6EHHOCTM
no6oro nomelueHms. A TpeboBaHNS K CTYLWIAHBIM MoMeLLe-
HUSIM B 9TOM CMBbICTIE IBASIKOTCSA O4EHb BbICOKUMU. Korpa B
MOMELLEHNI Pa3[aloTCs 3BYKMW, HAaNMpUMep Pedb Wnn My3bl-
Ka, YPOBEHb HEMPEPLIBHBIX CNaratoWnX 3By4aHNs 3aBUCHT
OT TOro, COBNAAatoT MM OHU C KakUMU-HUOYOb BO3OYXOEH-
HbIMW PE30HAHCaMM NOMELLEHNS N HeT. IMAynbCHble Xe
cnaraiolme 3By4aHmns — yXe nocne Toro, Kak Uc4e3aeT cam
MMMYMbCHBIA CUTHaM,— «3aBMCAIOT» Ha PE30HAHCHBIX Yac-
TOTax. 910 MOXET NPOSBNATLCS B BUAE HEPA3bOpUMBOCTY
BoKana, 6y6HeHus), HexenaTenbHOii OKpacku 3ByHaHUs UH-
CTPYMEHTOB W T.[4., Y4TO B CTYOMSX, MArKO BbIpaXasch, He
NpUBETCTBYETCS.

TeMy, KOTOpYIO Mbl Ceii4ac 3aTpoHynu, Mbl U fanblie
Oynem paciumpsiTb Mo XOfy HalWero noBecTBOBaHMs. B ka-
KOM 6bl HanpaBneHu Mbl HU ABUranich B Nouckax myTen
CO3AaHNs [OCTOMHON aKYCTMKW CTYAWIHBIX MOMELLEHWN,
Hawa 3afaya Bcerfa OyaeT CBOAMTLCS K HEOOXOAMMOCTM
NopaBneHns pe3oHaHca NoMeLLEHMiA. VIMEHHO Tak Mbl CMO-
XeM B0BUTLCSA TOro, YTOBbI MOMELLEHUS 0Bnafany HyXHsIM
Ham YPOBHEM «My3bIKanbHOCTW» W CMOMHA OTBEYanu Ha-
wnm uensm. Mel, B KOHEYHOM CHeTE, JOMKHBI OBUTLCA Ta-
KOro 3By4aHus, KOTopoe 6bl HAC ycTpamBano v He onpene-
nAnock npeobnagaHneM COBCTBEHHBIX PE30OHAHCHbIX Yac-
TOT noMelLeHus. Havbonee o4eBMEHLIMK 30eCh NpeacTas-
nAIOTCS ABa HanpaeneHus. Bo-nepsbix, 3T0 BapuaHThl U3-
MEHEHWNS TeOMETPUM MOMELLEHNIA; B 3TOM Cly4ae Mbl MO-
XXEM MOCTaBMTb MOJ CBON KOHTPONb TPAEKTOPMIO pacnpocT-
PaHEHWS BOMH, @ 3HAYUT 1 PE30HAHCHbIE MOMbI 1 X YacTo-
Tbl. BO-BTOPLIX, NPUMEHEHWE 3BYKOMOINOLAIOWMX KOHCT-
PYKUWIA; 9TO NO3BOAMT Ham [O6UTLCS KOHTPONS Kak Hap
YPOBHEM OTPaXEHWH, TaK M HaJ} pacnpOCTPaHEHNEM 3BYKO-
BbIX BOMH TEX 4aCTOT, KOTOPbIE YCUNMBAIOT SHEPTUI0 KOH-
KPETHbIX MOR.

[MosTomy § mpegnarai0 fanee paccMoTpeTb ekt
rEOMETPUYECKOr0 KOH(MIypupoBaHUs NOMELLEHWNA, BRUS-
HWe 3BYKOMOrMOLWAWMX KOHCTPYKLMIA, & TakXe YacToTHOe
pacnpefeneHne ecTeCTBEHHbIX PE30HAHCOB NOMELLEHNS.

l[eomerpuyeckoe KoHdrypnposaxmne

nomeLyeHmii

OheKT reoMeTPUHECKOrO KOH(MIYpUPOBaHUS Nome-
WEHNS COCTOUT B M3MEHEHWN YIMIOB MEXOy CTeHamu, UX
pasmepa 1 KONM4eCTBa, a Takke NPoMopLyii MeXay pas-
Mepami CTeH. Ham yxe icHO, 4TO reoMeTpu4eckn napar-
nenbHble NOBEPXHOCTU CMOCOBCTBYIOT BO3HUKHOBEHMIO
0CeBbIX MOf. M3 BCEil COBOKYMHOCTU PE3OHAHCHBLIX MOf,
(oceBbIX, TAHreHUManbHbIX M KOCbIX) MMEHHO OCeBble 3a
CHET OTPaXeHWI MeXay napannenbHbIMI CTeHamu crnocob-
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Puc. 4. leomeTpuyecku napannesbHble CTeHbl. 3BYK, UC-
xopawmi M3 ToYku X, pacrnpocTpaHsieTcsi BO
BCeX HarnpaB/ieHUsiX, HO 3ByKOBble BOJIHbI, Uay-
wume B HanpasneHun TodeKk Y u Z, oTpaxarorcs
no TOMy e nyTH, Mo KOTOPOMY OHM LN B ca-
MoMm Ha4ane. OHN NPOAOIKAIOT OTpPaXaTbCs Ty~
Aa n obpaTHO [0 Tex MNop, Noka HaKoHey MX
BHeprus He pacceeTtcsi B CTeHax U Bo3fyxe.

70Ty

Puc. 5. BenuinHa nons paBneHusi, BO3HUKalowero ot 1o-
4e4YHOro WUCTO4YHUKa, PacrioyloOXXeHHOro Mexpgy
CTeHaMM, NoKa3aHHbIMU Ha puc. 4.

CTBYIOT BO3HWUKHOBEHWIO CaMbIX CUTbHBIX PE30HaHCOB. [1o-
HATUS NapannenbHOCTU B aKyCTUYECKOM M reoMeTpuyec-
KOM CMbICIle CoBa — pasHble, M MOHSATUE aKyCTU4ECKOM na-
pannensbHOCTH 3aBUCUT HE TOMbKO OT reOMETPUYECKON Na-
pannenbHOCTU, HO U OT YacToThbl OTPaXaemol Mexay no-
BEPXHOCTAMU 3BYKOBOW BOMHbI. STOT BOMPOC XOPOLIO OC-
BeleH B khure dunvna Heloanna “Recording Spaces”, a
pasMbllLNeHUs aBTOPa Ha 3Ty TEMY NPUBOGSATCS HUXKE.
«Ha puc. 4 nokasaHbl Be OTpaxarolune CTeHbl LINHON
no 10 M ¢ paccTosiHuem mMexay Humu Toxe B 10 M. OHu na-
pannenbHbl FeOMETPUYECKW, & NOSTOMY ABMAIOTCA napan-
NenbHLIMY 1 aKyCTUHYECKN Ha BCEX YacToTax. Xnomnok B na-
[owm B TOHKE X POXLAET 3BYK, COREPXKALLNIA O4EHb MHOTO
4acToT, M 3TOT 3BYK BYAET PacnpOCTPaHATLCS OT MCTOYHM-
Ka BO BCEX HanpaeneHusx. BonHbl, yaapsiowmecs B To4kax
Y n Z, 6ynyT oTpaxarbca Hasaf, MPOXoas Yepes nosuuuio
UCTOYHMKA, «rynss» Tyda u obpaTHO BOonb NuHUN Y-X-Z.
YacToTbl, fNvHA BOMH KOTOPbIX KpaTHA PacCTOSHMIO MEXTY
TouKamm Y v Z, 6yayT NpoxoauTh NO NONOXMTENbHBIM U OT-
pulaTtenbHbIM MKaM NaBNeHNs B TEX NO3NLMSX B NOMeLLe-
HWKM, KOTOpbIE COBMaJAloT Mo Kaxgpomy oTpaxeHmnto. OHu
6ynyT BO3OYXAaTh PE30HAHCHbIE MOfbI, CUMBHO YCUNUBAO-

s eminartr

LKe Opyr Opyra v olywarownecs Ha ciyx, Kak npasuno, B
KaKux-TO OTOEMbHbIX TOUKaxX MOMELUEHUs, He NPOSBNASACH
npu 9TOM B Apyrux MecTax. KapTuHa ynnoTHeHus crosyen
BOITHBI (O TOM, 4TO Takoe CTOsi4as BOMHA, NOrOBOPUM HIKe
- AK.) Ha yactote 70 'y nokasaHa Ha puc. 5. Csetnble
YHacTKy — 970 06nacTin paspexeHus, B KOTOPbIX PE3OHAHC
Ha yactote 70 'y Ha cnyx BocnpuHUMAThLCs He Gydert, a
TEMHbIE y4acTKu — 06nacTi yBennyeHus AasneHus, B KOTo-
pbix 70-repuesas cocTaBnsiowas 3syka 6yner 4eTko npo-
SBNATHCS.

A Tenepb U3MEHWUM Yron MOMOXEHUS CTEH Tak, Kak
MoKasaHo Ha puc. 6, rae KOHeL, OfHOW CTEHbI NPUABUHYT K
gpyroii Ha 1,5 m. B atom cnyyae y Hac 6ynyT [iBe CTeHbI C
HaKMOHOM 0KoMo 15° No OTHOLWEHMO APYT K Apyry. Xnonok
B NafjoWwu B TO4Ke X TOXe MOPOQMT BOMHY, MAYLYIO B Ha-
npaBneHnn To4KN Y, KOTopasi B OTPAXEHHOM BUAE BO3-
BPaTUTCS B TOUKY UCTOYHWMKA M MPOJOMXUT CBOR NyTb K
To4ke Z. B Ty xe Touky Z 6ynet HanpasneHa v npsmas
BonHa. W npsmas, u oTpaxeHHas BOMHbI OTPa3ATCs B
TOYKe Z, HO YXe He B HanpaBneHun Toukm Y, KaK B Cly-
yae C reoMeTpUYECKN napannenbHbIMIU CTEHaMK, a B Ha-
npaeneHuy To4ku F. 3aTeM OHM 0Tpas3sTCA B Hanpaene-
HWKM TOYKKM G, @ NOTOM — B HanpaeneHum To4ku H. B otnu-
Yne OT cnyyas ¢ reoMeTPUHECKN napannenbHeIMI CTEHa-
MU, NOKa3aHHOro Ha puc. 4, B JaHHOM Cny4yae YenoBex,
cTosiwmi B Touke X, He GymeT cnbiwath Apebesxallero
axa, a 6onblas YacTb PE30HAHCHOW SHEpruM Mof, nome-
LieHNs ByneT OTpaxaTbCs TaHreHUManbHo, «npoXoas» B
nomeLyeHun no 6onee ycnoxHeHHomy nyTi. OgHaKo B TO
BPEMS Kak BbICOKME YacToTbl ByayT oTpaxarbCs no map-
wpyty Y-Z, Z-F, F-G, G-H, oceBble Mofibl Ha HU3KKMX yac-
TOTaxX, Yy KOTOPbIX ANWUHA BOMHbI JOBOMLHO BENuka, MOryT
Mo-NpexHeMy MposiBAATL CBOK «XuBy4ecTb». OTciofa
CNEeAyeT, YTO Ha HU3KMX YacToTax CTEHbI MPOROMKAIOT OC-
TaBaTbCs aKyCTUYECKM NapannensHbIMi.

Ha puc. 7 paHa kapTuHa pacnpefeneHus nnoTHOCTY
CTOs4ell BOMHLI Ha YacTote 70 Iy [ns cnyyasi, NpogemoH-
CTPMPOBAHHOTO Ha puc. 6. STa KapTuHa NopasnTeNbHO Mo-
X0Xa Ha Ty, YTO NoKasaHa Ha puc. 5. Xots u3 puc. 6 v cne-
[YET, YTO HemapannenbHoe MOMOXEHWE CTEH Pe3KO U3Me-
HSIET MapLUPyThl OBWXKEHUS 3BYKOBLIX OTPAXEHWIA, BO3HN-
Katowmx 0T Xnomnka B NafowWM, U CO3AAET OYeHb CUMbHYIO
[Mcnepeuio (paccemBaHme) Ha BbICOKMX YacToTax, Ha HU3-
KUX YacToTax mano uto MeHsetcs. WHaue rosops, 4To6bl
reOMETPUYECKOe KOH(UIyprpoBaH1e NomelleHUs aasano
aKyCTMYeCKMIA pesynbTat, Hamo YTobbl pasnnyne B AnuHe
nyTW, KOTOPbII MPOXOOUT KaX[0e nocnepytowee oTpaxe-
HWe MO OTHOWEHWIO K Npefbigylemy, 6bin0 copasMepHo
AnuHe BonHbl. Ecnv Ha yacTote 50 Il gnuHa BONHbI cOCTaB-
NSET NPUMEPHO 8 M, TaKOW Yron caBura CTeH, KOTOpbIiA M03-
Bonun 6bl JOBUTLCS aKYCTUYECKO HEenapannenbHoCcTH,
BO3MOXEH, BEPOATHO, MWL B 60MbLIMX 3haHUsAX, pa3Mepa-
MU C KOHLIEPTHBIN 3an. YT0 Xe Kacaetcs 06bI4HbIX CTYANN
3BYKO3aNUCK, TO Y HUX Takoe KOH(UrypupoBaHWE OTHANO
6bl CIWLLIKOM MHOIO MOTEHLMANsHO NONE3HOM0 MecTar.

Kakoli BbiBOf MOXHO caenath 13 ckasaHHoro? Bo-nep-
BbIX, FEOMETPUYECKMN NapannenbHble NOBEPXHOCTH B 60Mb-
LMHCTBE CNYy4aeB ABASIOTCS 1 aKyCTUYECKM NapannenbHbl-
M. A 3TO 3HQUUT, YTO HANMYNE NEPBbLIX CNOCOOCTBYET BO3-
HWUKHOBEHWIO OCEBbIX PE30HAHCOB, YTO [N HAC KpailHe He-
XenatensHo. Bo-BTOpbIX, YeM Ha 60nee HU3KUX YacToTax
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Puc. 6. Bce 1o xe camoe, 4To U Ha puc. 4, HO ogHa oTpa-
XKarolyasi NOBEPXHOCTb CABUHYTA TaK, YTOObI CO-
3patb reoMeTpuYecKyo HenapannenbHOCTb
mexay nosepxHocTsimu A-B n C-D. 3pech yxe
He 6ynger 4YeTKMX 3XO-CUrHanoB Hanogobue
Tex, KOTopble MOPOXAAlTCs MOBEPXHOCTIMU
Ha puc. 4, NOTOMy YTO OTpaXKeHHble CUrHasnbl
He wugyT Mo OfHOMY M TOMYy JXe nMyTH.
CpenAHe- U BbICOKOYacTOTHble 3BYKH, pacrnocTt-
paHsilowmecs B HanpasnieHnsix Todek Y u Z n3
Touku X, gyt 3atem no mapupyrty Z-F, F-G, G-H
u Tak panee. OgHaKo Ha HU3KUX 4acToTax CUTY-
auusi MoXeT efiBa JIn OTINYaTbCs1 OT TOM, YTO Mo~
Ka3saHa Ha puc. 4.
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Puc. 7. BennyvnHa nosnsi gaBneHunsi, BO3HUKarOLYero ot 1o-
Ye4HOro UCTOYHUKA, PACIONIOXEHHOro MeXay
CTeHamm, noKasaHHbIMM Ha puc. 6.

Mbl CTPEMUMCS AOCTMYb aKyCTUHECKON HemapannensHoc-
i, TeM 6onbLUeit fOMXHa BbiTb reOMeTpUYeckas Henapan-
NENbHOCTb W NNOWagb NOBEPXHOCTENA.

Ha puc. 8 npopeMOHCTPUPOBaHO BRUSIHWE KOH(UTypa-
LM CTEH (MOKa3aHHbIX Ha puc. 4 1 6) Ha akycTuKy nomeLle-
Hus. Kak BMaHO 13 rpacmkos, Ha vactoTax Bbiwe 300 My
reoMeTpuyeckas HenapannensHoCTb CTEH 3aMETHO CHIXKA-
€T YPOBeHb MopanbHoii sHepri. OpHaKo Ha YacToTax Hu-
xe 100 Iy 3amMeTHbIX pasnuyunii He Habniogaetcs. 910 cu-
[eTeNbLCTBYET O TOM, YTO B 9TOM YacTOTHOM AManasoHe
CTEHbI, M306paXeHHbIE Ha pUC. B, B aKyCTUHECKOM CMbICTE
Mo-NPeXHeMy OCTaloTCs nmapannenbHsiMu. Ha yvactotax
Bbiwe 300 My ypoBeHb MOOANLHON SHEPruM YMEeHbLLAETCs
13-3a TOTO, YTO MPU FEOMETPUUECKOM KOH(UIYpUpOBaHM
CTEH BbICOKOYACTOTHbIE MOfIbl NPe06pasyoTCcst B OCHOBHOM
13 OCEBbIX B TAHreHUManbHble. A MOCnegHue He TOnbKo
nMeloT Gonee CroXHYI0 TPAEKTOPMIO, HO ELLE 1 OTpaXatoT-
CS1 0T CTEH NOA HENPAMBIM YITIOM, 4TO MPUBORMT K BONbLLNM

noTepsiM SHEPTUK, YeM B OCEBBIX MOAiaX, KOTOPbIE OTpaxa-
I0TCA OT MOBEPXHOCTEN MepreHpMKynspHo. MeomeTpuyec-
KOe NepeKoH(UryprpoBaHne NoBEPXHOCTEN AacT addekT
Ha yacToTax € TakuMu ANIMHaMK BOMH, KOrfia MU Kaxnom
X OTPXEHUN W BO3BPALUEHUN K MCXOAHOI CTEHE CyMMap-
HOe paccTosiHue OyAeT MMEHATLCS HE MEHee, YeM Ha no-
NOBUHY ANWHBI BOMHBI, @ TaKXe, eCTECTBEHHO, 1 Ha 6onee
BbICOKMX 4acToTax. HemHoro 3anyTaHo? Torga B kauecTse
npuMepa eLle pa3 paccmMoTpum puc. 6.

fonycTum, YTO BCMENCTBUE OTPAXEHWA OT Henapan-
nenbHbIX NOBEPXHOCTEN 3BYKOBAS BOMHA PACMpOCTpaHseT-
csi no Takum mapwpytam: Y-Z - 10 m; Z-F - 10,5 m; F-G -
11 m; G-H — 12 M. Mpu nepoM OTPaXeHnu K MCXORHOM CTe-
He 3BykoBas BonHa npoiget 20,5 m (10+10,5), a npu BTO-
pom — 23 M (11+12). Pa3Huua npn 3TOM COCTaBUT 2,5 M
(23-20,5). Ecnn npeacTaBuTb paccTosiHue B 2,5 M, Kak Mo-
NOBUHY [AWHbI BOMHbI, TO NONHASA ANWHA BOMHbLI COCTABUT 5
M (2,5 x 2). lomHs 0 ckopocTi 3Byka 340 M/C 1 Mcnonb3ys
thopmyny A = ¢/f, nony4aem pesynbrar:

f=c/A, f=340/5; f=68Tu.

Ha ocHoBaHUM 3TUX pacyeToB MOXHO rOBOPUTL O TOM,
4TO YKa3aHHas HenapannenbHoCTb CTeH 0BeCneumT paccen-
BaHWe 3BYKOBbIX BOMH HauMHas oT 68 I v Bbilwe. B sToM xe
4aCTOTHOM [rana3oHe Mbl MOXEM He 0nacaTtbCsi BO3HUKHO-
BEHMS OCEBbIX MOA MEXQY STUMU NoBepxXHoCTAMW. Ho BOT
Ha bonee HU3KIX YactoTax 6yaeT NposBnsTbCs AMMEKT rpe-
GeHyaToro (uUnsTPOBaHWS, TaK Kak 3BykoBas BOMHa OyAeT
MO0YEPENHO MPOXORMTL HEPES YCUIMBAIOLLYIO, HEATPANbHYIO
n ocnabnsiowyio obnactu. CunbHoe rpebeHyatoe GuibTpo-
BaHME Ha HM3KIX YaCTOTax OKasblBaeT pa3pyliatlee Bo3-
[eiCTBME Ha My3bIKY 1 IO3TOMY O4EHb HEXENATENbHO B CTy-
[MSX 3BYKO3AMMUCH, XOTS B TOI UMK UHOI CTENEHU OHO MMe-
€TCS BO BCEX NOMELLEHNSX CO 3BYKOOTPaXaIOLMMI NOBEPX-
HoCTIMM. TakiM 0BpasoM, XOTS FEOMETPUHECKOE KOHEMTY-
pUpOBaHNe OTPaXAKLWMX MOBEPXHOCTEN ABNseTCs addek-
TUBHbIM NSt NOAABNEHNS MOJ HA CPENHIX W BBICOKWX YaCTo-
Tax, Ha HU3KIX YacToTax WUCKMIOYNTENBHO reOMETPUYECKNe
pelueHmns 06bI4HO XEenaeMblx Pe3ynsTatos He npuHocsT. lo-
3TOMY 3[1ECh YXXe NPUXOAUTCA [OMONHUTENLHO Npuberathb K
3BykonornoleHuio. Tem 6onee 4To KpOMe BCEro Mpoyero
napannenbHble NOBEPXHOCTI CO3NAIOT ELLe W NOBTOPSIOLLMIA-
cs gpebesr (B mpocTopeumn — SPheKT «CTUpanbHoOM poc-
Kin»), KOTOpbIA BO3HWKAET OT LIYMOB CTOMKHOBEHMS 3BYKO-
BOWl BOMHBI C OTPaXatoLLeil NOBEPXHOCTBIO.

PaHee Mbl yXxe roBopuin o TOM, YTO Mpu U3Ny4eHn
3BYKa Mexqy [ByMs napannesnbHsIM1 MOBEPXHOCTAMM (ec-
IV OHK He ABnsaoTCa Ha 100% 3BYKOMOMMOLAIOWNMM) HEN3-
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Puc. 8. Xapaktepuctuka 3Byka B Touyke X B cny4qasix,
un3obpaxeHHbIX Ha puc. 4 m 6.
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6exHo 06pa30BaHMe akCuanbHbIX MOM, HYTO MPUBOOUT K
(hOPMMPOBAHNIO OMPENENeHHON PE30HAHCHOIN KapTUHBI.
O6bi4HOE MOMeLLEHNe B (hopme napannenenunena umeet
TPU Napbl Takux NOBEPXHOCTE: IBE — MEXDY NPOTMBOMO-
NOXHbIMW CTEHAMW; OfHA — «MNON-MOTOMOK». Ecnu npenno-
NOXWUTb CyYail, Korga NoMeLleHre uvieet gopmy kyba, y
KOTOpOro BCE NapHble NapannenbHble NOBEPXHOCTU pacmo-
NOXeHbI [pyr OT Apyra Ha OfMHAKOBOM PacCTOSHWM, TO ak-
cuanbHble Moabl 6yayT MIMETb OINHAKOBYIO [NHY MyTW 1 06-
nanatb ONMHAKOBLIMM PE30HaHCaMU. 3TO NPUBELET K CUMb-
HOMY PE30HAHCHOMY HaKOMMEHWI0 SHEPTN Ha STUX YacTo-
Tax. B utore nomeleHne 6y[eT MMETb HACbILEHHBI pe3o-
HaHCHbIA XapaKTep CO CBEPXMOLLHbIMW PE30HaHCaMM, pas-
pylwaowymMmn My3biKanbHyIo (akTypy Nio6bix 03BY4EHHbIX B
HEM MHCTPYMEHTOB. /13 9TOr0 MOXHO caenatb BblBOf, YTO
nomelLLeHme B (Hopme Kyba B Ka4eCTBe CTapTOBOM MO3MLMN
npwn cTpoutensCcTee CWﬂMﬁHOFO NnomMelleHns aBngeTcsa He
NyywuM BapuaHToM. [MpoeKTMPOBLUMK Bawen CTyoun Ha-
BEpHsiKa 3HaeT hopmyny (M3BECTHYIO kak «rpadmk bonTa»,
XOTS UM TOXe CnepyeT Monb30BaThCA C HEKOTOPOIA OCTO-
POXHOCTbIO), MO KOTOPOM PaCCHUTLIBAKOTCA XKENaTembHble
MponopLyIn CTOPOH MOMELLEHNS, NP KOTOpbIX 0becneymnsa-
€1Cs Hanbonee pPasHOOBpasHblii «aCCOPTUMEHT» MOfanb-
HbIX 4acToT U, CNefoBaTeNbHO, HaMeHee OKpalleHHoe 06-
Liee 3By4aHue. Kak Ha BapuaHTbl, Mbl MOXEM, K MpUMepY,
opueHTupoBaTsci Ha nporopumn 1:1,5:1,8; 1:1,59:2,52;
1:1,14:1,39; 1:1,28:2,33; 1:1,6:2,4 v 1.0. MoryT 6bITb 1 Apy-
rve nponopuun. Ounun Hetoann, HanpuMep, roBOPUT, YTO
eCcnu NoMeLLeHmre umeet hopmy Kopobku ans obysm (B mac-
wrabe ©), 10 310, Kak NpaBW0, HEMMOXOA BapUaHT.

[ns 6onbluei HarNsSAHOCTM PaccMOTPUM pacnpepnene-
HWEe aKcuanbHblX MOJ B [BYX MOMELEHNsX: OfHO MMeeT
(hopMy Ky6a co CTOpoHON 4 M, a fipyroe — pasmepamu 2,5
x 4 x 5,25 m (r.e. ¢ cobniogeHnem nponopuun 1:1,6:2,1).
BbicunTbiBaTh aKcuanbHele Moabl Mbl 6ynem no opmyne:

F=3402L,

rpe: F - vactota akcuansHoi Mopbl;

L — paccTosiHine Mexpy npoTUBOMONOXHLIMIA CTeHaMu

WY MOMOM W MOTONKOM.

YnpocTvs hopmyny, Nony4um:

F=170/L.

Bbluncnum YacToThl akcuanbHbIX MO Anst BTOPOTo Mo-
MELLEHMS:

5,25 m: 32,4; 64,8; 97,1; 129,5; 161,9; 194,3; 226,7;
259 My m 7.4

4 m: 42,5; 85; 127,5; 170; 215,5; 255 'y v T.4.

2,5 M: 68; 136; 204; 272 Ty n 1.0

[ns nomelLueHus, nMetoLLero opmy Kyba co CTOpOHOI
4 M, 4acToTbl akcuanbHbIX Mog BynyT cnegytowme: 42,5; 85;
127,5; 170; 215,5; 255 [y n 1.0,

MpomnniocTpupyeM Hawm pacHeTsl rpagukom (puc.
14). Otobpasum Ha puc. 14, a 4acToTbl akcuanbHbIX
MOf BTOPOro nomelleHus, a Ha puc. 14, 6 — vactotbl
akcuanbHbIX Mof nomelueHus B qopme Kyba. Mpose-
[EM KPWBYIO YCPELHEHHOrO YPOBHSA (Ha PUCYHKe —
NYHKTUpHas NnHKS). MOXHO 3aMeTUTb, YTO Ha puc. 14,
a a1a KpuBas siBnsetcs 6onee rnagkoii, B TO BpeMs Kak
Ha HXHEM rpaduke «NOBELEHNE» KPUBOW YCPEaHEH-
HOMO YPOBHS O4YEHb CWUMLHO MOAYMHEHO 3Heprun OT-
AENbHbIX — YAANEHHbIX Opyr OT Apyra — Pe30HaHCOB.

s eminartr

He Gymy cnopuTs, B ykasaHHbIX rpadkax He Y4TeHO
MHOTO MOMEHTOB, HampuMep NPOSIBNIEHNs] PE30HAHCOB Ha
YaCTOTaX TAHreHLMANbHBIX M KOChIX MOf, & TakXe 3HEprus
MOf Ha BCex yactotax. Ho ecni yuecTs, 4YTo akcuarnbHble
MOfIbl SBNSIHOTCS CaMbIMU SHEPrOEMKIUMM U CUMBHBIMM, TO B
9TOM 4aCTWl C HaLMMM rpadMKaMi1 MOXHO COTTIACUTECS.
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Puc. 9. Pacnpepenenne rapMOoHNYEeCKUX pe30HaHCOB B rnomeljeHnn. Ha cxeme nokasaHbi
BCM/IECKN OTAENbHbIX rapMOHNYECKUX Pe30HaHCOB B nomeljeHnn. Ha yyactke B-C
Ppe30HaHCbl HaxOASITCS HeAaneKo ApYyr OT Apyra N CpaBHUTENIbHO BbiPOBHEHBI MO
ypoBHI0. «KpnBasi ycpeaqHeHHOro ypoBHSs » (LUTpMXoBasl INHKUS) Ha 3TOM y4acTke [o-
BOJIbHO poBHasi. OgHaKo Ha y4acTke A-B rapMoHn4Yyeckue pe3oHaHCbl MoMeLleHUs
3Ha4nTeNIbHO yaaneH bl o 4acToTe, a «KpuBasl yCpeaHEeHHOro ypoBHS » HAYNHAET U3-
rmbatbcsi n ornbatb otThesnbHbie BCIECKU U NPOoBanbl B 9HEPTUN Pe30HaHCOB. 3TO
roBOpUT O TOM, YTO Ha y4yacTke A-B 3ByyaHue KOMHaTbl CTAHOBUTCSI HEPOBHbLIM,
rnog4epKnBaloLuM OfHN HOTbI b6onbLue, Yem apyrue. Ha kako# 4acTote HaxoauTcs
TOoYKa B — 3aBUCHT OT pa3mepoB nomeLyeHusi. Yem bonbLie nometyeHne, Tem Ha 60-
Jlee HU3KOW YacToTe HaxopuUTcsl To4ka B. Mo artoi npuunHe 6onblune KOMHaTbl 06-
napaiot 6onee paBHOMepPHbIM 3ByYaHUeM n3-3a 6oee HU3KUX 4acToT pasfeneHus
Pe30HaHCOB.

OnHaKo B [1eiCTBIUTENLHOCTY BCE HECKOMBKO COXHES.
[eno B TOM, YTO BbilLEYNOMSAHYTbHIE MOfANbHbIE CBOACTBA
PacnpoCTPaHsIOTCS TOMbKO Ha MycThle momeljenus. Kak
TONbKO B HIX YCTaHABNMBAETCS 0GOPYROBaHMe U MosBns-
I0TCS MoK, PABHOMEPHOCTb Pacrpenenenuns MORanbHbIX
PE30HAHCOB HECKOMbKO YTpaunBaetcs. TeM He MeHee mo-
MelleHe C COOTBETCTBYIOLMMM NPONOPLMSMU B Ka4ecTse
CTapTOBOW MO3NLMK — 3TO HAMHOIO MNyulle, Yem nomelle-
HU1e Ky6u4eckoii thopMbl. C [pyroii CTOPOHBI, 3TW Mponop-
UMM UMEIOT 3HauYeHMe TONbKO [Nsi MOMELLEHHIA CpeaHero
paamepa. CrMWKOM MarneHbKuX KOMHAT U OrpOMHBIX Mpo-
CTPAHCTB Pa3MepoM C KOHLIEPTHbI 3aM OHYM He KacaloTcs.

YacrotHoe pacnpepenexue

PE30HAHCOB NomelleHna

FapMOHMYECKMEe PE30HAHCLI MOXHO paccmaTpuBatb
KaK MapLpyTbl, KOTOPbIE NPOXOAAT 3BYKOBbIE BOMHbLI MEX-
[y OTpaxalowumn noBepxHocTsaMu. Ecnu 3ByK pacnpoct-
paHsieTcs Bnepen U Hasap 1 BO3BPALAETCS B UCXORHYIO
TOYKY B TOW Xe (hase, TO SHEPrus 3BYKOBOIA BOMHbI HA 3TOM
4acToTe Pesko BO3PACTAET, YTO Cnoco6CTBYET (HopMUPO-
BaHMIO PE30HAHCHOM CTOsHel BonHbl. COOTBETCTBUE pac-
CTOSHWUA MeXay ABYMS NOBEPXHOCTAMM MOMHbIM [AUHAM
BOMH SIBNSIETCS OMpenensiowmM (HakTopoM NposiBneHus
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pe3oHaHca. Kak Tonbko NpoucxopuT MopansHoe paspene-
HWE, Pa3nnyHble YacTOTHbIE KOMMOHEHTHI BOCNPOU3BOAN-
MOW My3bIK HAYMHAIOT CMIbILATLCSA C Pa3HbIM YPOBHEM B
3aBMCMMOCTI OT TOTO, COBMAAAOT N OHU C ECTECTBEHHbI-
MU pe30HaHCaMn KOMHaTbl, yCunnesascb UMW, UNn HeT.

MepBble rapMOHUYECKUE PE30HAHCHI MOMELLEHMIA, Kak
npaBuno, YeTKO pa3feneHbl N0 YacToTam, NO3TOMy aKyCTH-
yeckyn HeobpaboTaHHoe NoMelleHne obnafaeT xapaktepu-
CTWKOIA, 6ONEe NOXOXeii Ha BOMHUCTYIO NuHMIO Ha puc. 10,
yem Ha 6onee «npaBunbHYI0» XapakTepucTuky B Buge nu-
HUM «YCPEAHEHHON XapaKTepUCTUKN NOMELLEHNS» Ha TOM
Xe rpadmke. MaweHne rapMOHYECKIX PE30HAHCOB MyTEM
WX MOTNOLLEHNS NO3BONAET MUHUMM3MPOBATb STOT 3DeKT,
HaKnagbIBaeMblil Ha YacTOTHYIO XapakTepucTuky. Boobiue,
AeMNUpoBaHe B TON UMK MHOM CTENEHN HEOOXOANMO Anst
nioboro NOMELLEHNS, MHA4e M3MEHeHWe faBneHns bynet
YaCTOTHO- ¥ NO3ULIMOHHO-3aBUCUMbIM, @ Ha PE3OHAHCHbIX
yacToTax B kOMHaTe BymeT «3aBucaTb» 3Heprus. Hanpu-
Mep, eCnn YacToTa ToHa 6ac-604kM COBNAZaeT ¢ 4acToTon
KaKoro-To pe3oHaHca, To Bam Tpy[HO OyneT onpemenuTs:
TO N 3BYK 6ac-604kK 3aTyxaeT MedneHHo, To N1 3T0 Med-
NEHHOe 3aTyXaHne ABASETCA NPOSIBNEHNEM PE30HAHCOB Ha
3TOW YacToTe.

AkycTuyeckn HeobpaboTaHHOe MOMELeHNe BHOCUT
CYLECTBEHHbIE U3MEHEHNS B 3BY4aHWE MY3blKanbHbIX UH-
CTPYMEHTOB MNM MOHUTOPOB B 3TOM MomeLyeHumn. Benom-
HWTE OfVH 13 NpuHLMNOB upmbl FAR: «3By4aHune camoro
nyyiwero MoHuTopa ByaeT HacTONbKO XOPOLUMM, HACKONbKO
Xopolwa akyCcThka nomelieHnsd, B KOTOPOM OH YCTaHOB-
nex». Ha puc. 11 nokasaHa 4acToTHas xapakTepucTika of-
HOrO W3 TaKuX HENOArOTOBNEHHbIX NOMELLEHNI.

Mepen TeM, Kak 3aHATbCA PACHETOM CUCTEMbI 3BYKO-
MOrMOLEHNs, HaM HeOBXOmMMO OMPEREnuTb Camblil Kpu-
TUYHbII YACTOTHBIIA ANanasoH, B KOTOPOM BAMSHUE rapmo-
HU4eCKMX PE30HAHCOB SBNSIETCS Hanbonee paspywnTenb-
HbIM. Mo3TOMY Ccei4ac Mbl pacCMOTPUM 3aBUCUMOCTb MO-
BEEHMS 11 NPOSIBNEHNS PE3OHAHCOB OT 4aCTOThI.

Korpa rapMoHMyeckne pe3oHaHChl NepekpbIBatoT apyr
Apyra, 4acToTHas XxapakTepucTika nomelieHus Gyner 6o-
Niee unn MeHee paBHOMEpPHON. Ho Kak Tonbko NpouecxopuT
WX pasfeneHune, OHa CTAHOBWTCS HEPOBHOM, a 3By4aHue
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Yacrora, Iy

Puc. 11. Xapaktepuctunka nomeuyeHmns 6e3
aKycTu4yecko o6paboTku (BapuaHT).
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Puc. 10. YacToTHble Anana3oHbl ¢ pa3in4dHbIM BIIUSIHUEM Ha aKyCTUKY MOMeLYeHMUs.
Jrz — BEPXHSAIS rpaHnLa 30HbI BABIIEHUS
[, —4acToTa pa3feneHusi pe3oHaHCOB («4acToTa 60/bLLUIOK KOMHaTbI »).
B 30He faBneHnsi 0cO6eHHOCTH MOMELYEHNS HEe CKa3bIBaltOTCS Ha O6LYeM 3BYyYaHUN.
lMnaBHO 3aKpyrneHHas CriaXeHHasi KpuBasi IBNISIETCS yCPeAHEHHOM XapaKTepucTm-

KOW rNomMeLLeHus!.
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HauMHAEeT MOAYMHATLCA (OpMe OTAENbHbIX PE3OHAHCOB
(cM. puc. 9). B Manbix KOMHaTax 310 pasfeneHue HaunHa-
etcs ¢ 6onee BLICOKUX yacToT. VI3 aToro cnepyert, 4to B
6onblumx koMHaTax 6ynet HabniopaTecs 6onee paBHOMep-
HOe 3ByyaHme A0 60nee HU3KOI 4acTOTbl MPU YCrIOBIK, KO-
HEYHO XXe, 4TO BCE OCTanbHbIE XapakTEepUCTUKM KOMHAT
OfMHAKOBBI.

Yr06b! ObINO 6ONEe NOHATHO, O YEM MAET peyb, npen-
narato B3rnsHyTs Ha puc. 10, rae nokasaHo TUMNYHOE yac-
TOTHOE pacnpefeneHie pe3oHaHcoB B nometlleHuu. o xa-
paKTepy NPOSBNEHNS 1 NMOBEAEHNS PE30HAHCOB X MOXHO
pa3nenuTb Ha YeTbIPe YacTOTHbIX AnanasoHa (30Hbl): fas-
NeHNs; NPOSIBNEHNS raPMOHUYECKUX PE3OHAHCOB; Anddy-
3UN M Oudpakummn (30Ha «nepekpbiBaHNs PE30HAHCOB»);
3aTyXxaHusl OTPaXeHWiA 1 3BYKOMOTTOLEHNS.

Hawnbonee npobnemHasi ¢ TOUKW 3peHnst Hexenarenb-
HOrO BMeLaTensCTea B 3BYYaHWE rapMOHUYECKNX Pe3o-
HaHCOB — 9TO 30Ha NPOSBNEHNS FAPMOHNYECKNX PE30HAH-
COB, KOTOpasi OrpaHiyeHa CHU3y 4acToToil f,,, a CBepXy -
4acToTol f;. IMEHHO B 3T0I1 30He 6OMblLEl HacTbio MOXET

NpoMCcXoaNTL HEXenaTenbHas okpacka 3Byka. Kctatu, Tou-
ka f; Ha puc. 10 npakTU4eckn COOTBETCTBYET Touke B Ha
puc. 9. Bbluucnue aTn Be 4acToThl, Mbl CMOXEM Onpefe-
NNTb Camblil NPOBNEMHbII YaCTOTHbIA [Mana3oH npu pac-
npefeneHn pe3oHaHCoB B NOMELLEHM.

Camas Hu3ko4acToTHas obnacTb Ha puc. 10 — aTo 30-
Ha paenenus. Camas BepxHsis 4actota B 9TOW 30HE Ta,
[IMHa NONYBOMHbI KOTOPOW 60MbLIE CAMOr0 NPOTSKEHHOTO
y4actka nomelleHns. 3ta xe yacTora SBNSETCH HUXHEN
rpaHmueﬁ 30HbI NPOABNEHNA rapMOHUYEeCKnX pe30HaHCOB.
Bbluncnsietcs aTa Yactota 04eHb NpocTo:

Jpz= ¢/2Lr,

rRe: fp, — BEPXHAS rpaHiLa (4acTora) 30HbI fasreHus

(pressure zone — 30Ha faBneHus);

¢ — CKOpOCTb 3BYKa, M/C;

Lr — camast [iMHHas CTOPOHA KOMHaTbI, M.

Y106kl NOHATL Pa3HILY B pacnpeaeneHini rapMoHnye-
CKMX Pe30HaHCOB MexXay 60MbLUMM 1 ManbIMi MOMELLEHN-
SIMU, NPEACTaBNM, YTO Y Hac ecTb ABa NoMeLlLeHus: Bonb-
woe — paamepamu 10 M x 8 M x 5 M; Manoe — pasmepamu
3MX2MX2,5M (Tunn4Has aukTopckas kabuHa).

VATaK, ans 601bLOro NOMELLEHUS BEPXHSS rpaHmnLa 30-
Hbl AaBNeHUss COCTaBUT.

fpz= 3402 x10 =17 Ty;

[INS AUKTOPCKOIA KABWHBI:

Jpz= 3402 x 3= 56,7 .
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Huxe 3TuX 3Ha4yeHWi (T.e. B 30He AABNEHMs) Yac-
TOTHasi XapakTepucTmka nomeleHus 6ynet o4eHb rnap-
KOM, TaK KaK B 3TUX AMana3oHax pPe30HaHCHbIE BNEHUS
BO3HMKATb He OGymyT. A 3HAuMT 4acToTbl B 30HE AaBne-
HWS! BYAYT HUXKE MO YPOBHIO, YEM YaCTOThl B CrieaytoLen
30He, roe «paboTaeT» Takke M OTpaxeHHas SHeprus
3BYKOBbLIX BOJH.

BbiuncnuTb YacToty f;, 6onee U3BECTHYIO KaK «4acTo-

Ta GOMbLIOI KOMHATBI», MOXHO N0 YPaBHEHNIO:

fu= K\,

roe: K — koHcTaHTa Sl (3gecs: 2000);

¥ — 06beM NnomelLeHus, M

RTgp — Bpems 3atyxaHus B nomeleHn Ha 60 nb, ¢
(6ymeT paccMOTpeHo HUXe).

MorbiTagmest BEIMUCAUTL HaCTOTY f) ANA Hawel 6onb-
IO/ KOMHATI, NPUHMAZs BO BHUMaHWE, YTO Bpems pesep-
GepaLim RTg, B Heit MOXET cOCTaBnsTh 1,2 C:

f.=12000V1,210x 8 x 5;

fL=12000 V1,2/400;

/1 =20007Y0,003;

/= 2000 x 0,0548;

f1=109,5 .

Tenepb BbIYMCINM 4ACTOTY f; ANS Haleid [UKTOPCKON
KabuHbl, yuuTbIBASA, UTO BpeMs pesepbepaunm RTg, B Helt
Bpsn nu 6yner Gonble 0,8 ¢:

f=20000,883x2x2)5;

fL=2000y 0,8/15;

fL=12000y 0,053

f= 2000 x 0,2309;

f1=4619Tu.

MMocne 3TUX BbIYMCIEHNA MOXHO ONPENeNnuTb YacToT-
Hble AUanasoHsbl, KOTOpble BYayT COOTBETCTBOBATL 30HaM
MPOSIBNEHNS rapMOHUYECKMX PE30HAHCOB NS HawWwX no-
MelleHA. B BombLioM nomeleHn — 310 ananasoH ot 17
1o 109,5 Iy; B puKTOpCKOM KabuHe — ot 56,7 1o 462 Iy 910
MO3BONSET CAENaTh Creaylowwme BbIBOAbI: BO-MEPBLIX, YEM
MEHbLUE NOMELLEHNE, TeM BbILIE YacTOTa BEPXHEI rpaHuLbl
30HbI laBNeHus (fpz) 1 YacToTa pasfeneHns pe3oHaHcoB
(fL); BO-BTOpBIX, HYeM MeHbLLE MOMELLEHE, TeM WKPe 30Ha
MPOSIBNEHNS rAPMOHUYECKIX PE30HAHCOB, B KOTOPOW Mpo-
VCXOMT HEXenatenbHas oKpacka 3ByKa; B-TPETbUX, YEM
MeHbLUE NomelleHne, TeM 6onee NonesHsle YacToTHbIE AK-
anasoHbl NOABEPXeEHbI HEXENaTENLHOM OKPAcKe 3BYy4aHus
COBCTBEHHBIMM PEe30HaHCAMU MOMELLEHUS; B CaMOM fiene,
Ha npuMepe AMKTOPCKON KabWHbI Mbl BUGUM, YTO 30Ha Npo-
SBNEHNS raPMOHUYECKIX PE30HAHCOB JOCTUraeT YacToThl
462 T, 4T0 NMpaKTM4eckn 03Ha4aeT NpobnemHbIN auana-
30H BMNOTb 10 3BYKOB BTOPOIA OKTaBb!!

BblumcneHHble HaMM ManasoHbl 4acToT — 370 Te,
06ecrneymTb NOrMoLeHNe KOTOpbIX HEO6XOAMMO B NEpBYI0
ouepedb, ECAIM Mbl XOTUM JOBUTLCS 60nEe POBHOM YacToT-
HOIA XapaKTepuUCTMKK NnomeLueHus. B Gonblunx nomewleHu-
§IX, € MOXHO 0BYCTPOUTL 3BYKOMOMOWAIOWME CUCTEMBI,
PeLLeHne 3TUX BOMPOCOB 3HA4MTENLHO obneryaertcs. Kpo-
ME TOro, B B0NbLUKX MO pa3Mepy NOMELLEHNSX SHEprus OT-
PaXEHWI BbIHYXAEHA NPOXOAUTL BoNblUMe PacCcTOSHUS OT
UCTOYHMKA 3BYKa [0 cnywartens unu MukpodoHa, oHa 6o-
Nnee pasHeceHa BO BPEMEHM 1 3aTyXaeT ropasno CUnbHee.

s eminartr

Bonblune noMeLueHns UMeloT 1 BonblLyio Mo NAowagm no-
BEPXHOCTb, KOTOPAsi MOXET UCMONb30BaTLCA ANS MOrnoLle-
HUS 3BYKOBOW SHEPIUM, YTO TAKXKE SBMSETCS MX MIOCOM.
[Mpn onpepneneHHbIX TUNax Au3aiiHa 6oMbLKMX NOMELEHNN
BPEMEHHOE 1 MPOCTPAHCTBEHHOE pasfeneHne coueTaeTcs
C paccevBaroleii ¥ nornowiarLLed OTENKoil. 1o conaet
0YeHb NPUSITHYIO U COBEPLIEHHO PABHOMEPHYIO aKYCTUKY.

B aKycTn4eckoM cMbicne «pa3mephbl» NOMELLEHNs 3a-
BMCSIT OT XeNnaeMoil 4acToTbl pacnpeneneHins pe30HaHCoB.
[Moatomy paxe 6onblas KOMHaTa C PaBHOMEPHBIM pac-
npeaeneHnem pe3oHaHcoB Tonbko Ao 70 My B akycTuyec-
KOM CMbICNIE CUUTAETCS HEBOMbLUOWA, ECAIM HE PacLUMPUTL
3Ty PaBHOMEPHOCTb KHM3y [0 20 I,

Tenepb paccMOTPUM MO3ULMOHHBIA GEKT Npn pac-
npeneneHun pe3oHaHcoB. Ha puc. 12 nokasaHo pacnpege-
NeHVe 0aBNEHNS B MOMELLEHNN NPW PACTIPOCTPaHEHUM 3BY-
KOBOW BOMHbI € YacToToit 70 . bonee TemMHble y4acTkn —
9T0 06MacTu NOBbLILEHHOMO AABNEHUs 3ByKa. VICTOYHWK
3ByKa W/unu cnylwartens, Haxopsch B 6onee TeMHbIx obnac-
TSIX, Ha Yactote 70 [y reHepupyeT Ui nomyyaeT 3Byku ro-
paspo bonee cunbHble B 0TINYME OT Bonee CBETNLIX 06na-
cten. Ecnu B nomeLLeHnm nposiBNSieTCs TONbko OfHa napa-
3UTHast PE30HaHCHAs 4acToTa, TO BbIpaBHUBAHWE YACTOT-
HOW XapaKTepMCTUKI BO3MOXHO NyTeM nepeHoca nnbo no-
3vLMM NPOCNYLLIMBAHUS, MO0 NO3ULMU UCTOYHUKA 3BYKa,
nuéo u Toro, u gpyroro. OfHaKo 13-3a pasHbIX ANMH BOMH
Ha pasHbIX YacToTax (ecnv B NOMELIEHUM eCTb fiBe unu 6o-
Nee NapasnTHbIX PE30HAHCHBIX YACTOT) AaHHbIE CXEMbI 13-
MeHeHWa faBnexHns B CTOPOHY NOBbIWEHNA U B CTOPOHY Mo-
HUWXEHWs He ByayT coBnagaTh NO3NULMOHHO. Briigs u3 npo-
6neMHON 30HbI Ha OFHOIA YacTOTE, MOXHO 3ampocTo Mo-
nacTb B NPOBNEMHYI0 30Hy Ha Apyroi YacTore.

Ewe Gonblue YCNOXHAET XW3Hb TO, YTO KaxXaasn KOMHa-
Ta N0-CBOEMY MOIMOLAET 3BYKOBYH SHEPIUMIO B 3aBUCUMO-
CTU OT pa3MepoB W xapakTepa akycTU4eckoin 06paboTkm.
PasHble matepuansl NOrnowarT pasHble YacToThl B 60Mb-
Wel Unu MeHbLLEn cTenexu. MornoLeHne 1 akycTu4eckoe

Puc. 12. PacnpepeneHue pe3oHaHCOB B NoMeLyeHun Ha Yactorte 70 I'y.
TeMHble obnacTn coOTBETCTBYIOT 30HaM yBen4eHus 3BY-
KoBOro faBneHusl, a 6enbie — oTo6paxaroT 30HbI HEU3MEH-
HOro 3ByKoBOro fasneHusi. Yem 6onbuie oTpaxarenbHas
CcrnocobHOCTb MoBepXHOCTeH rnomelyeHus, TeM KOHTpacT-
Hee 6yneT nepexop OT CBET/IOro K TeMHoMy. Be3axoBasi ka-
Mepa B aTOM cyvae noka3sana 6bi 6onee nim meHee ogHo-
POAHYH «CepocTb ».
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[emMndupoBaH1e onpeaensitoT CUy HEPTUN OTPaXEHHOTO
3BYKa, a Takke 0KasbliBaloT BNMsHMe Ha Q (BOBPOTHOCT)
pacnpoCTPaHEHNS SHEPrM FapMOHMHYECKMX PE30HAHCOB
(puc. 13). Xota Q 1 03Ha4aeT «go6POTHOCTb>, HO B HALIEM
cnyyae XenatenbHO MMETb Pe3oHaHC ¢ Hu3kuM Q, no-
CKOMbKY OH MEHEE BbIPAXEH M MEHEe Ha30MNMBO ECTBY-
€T Ha YLK, Yem pe3oHaHc ¢ Bbicokum Q. Moatomy nomele-
HUS C CUMbHBIM AEMN(UPOBAHIEM M MOIMOLEHNEM OfIHO-
BPEMEHHO PacLuMpsioT YaCTOTHOE COREPXUMOE PE30HaHC-
HOIA SHEPrUM 1 YMEHBLIAKOT YPOBHM PE30OHAHCHBIX MUKOB.
3 atoro cnepmyet, 4TO 3By4aHWe B 3BYKOMOMMOLWAOLEN
KOMHaTe ¢ Huskum Q 6ynet 6onee paBHOMEPHBIM, YeM B
KOMHaTe ¢ 60nee TBEpbIMM CTEHAMW U TaPMOHUYECKUMM
pe30HaHcamy ¢ BbICOkUM Q. XoTS BO BTOPOM Cny4ae 3By-
yaHue 6ynet Gonee rPOMKMM, TaK Kak Takoe nomeLlyeHue
ME[NEHHEEe PacCenBaeT NCXO[ALLYI0 SHEPTUK.

Mpyu paccMOTpeHun Bompoca MO3MLMOHHON 3aBUCH-
MOCTU Npu pacnpeaeneHi pe3oHaHcoB He0BX0AUMOo OcC-
TAHOBMTLCS 1 HA TOM, YTO XE TaKoe CTOSUMNE BONHbI. STOT
TEPMWH YNOTPEBNSETCS YacTo, HO CMbICT B HETO MHOrAA
BKNagblBaeTcs pasHblil. CTOSUME BOMHBI BO3HUKAIOT TOT-
[a, Koraa ase unu 6onee BOMHbI, OBMHAKOBbIE MO YaCTOTe
1 TNy, NPOXORST Yepes OfHY W Ty Xe Touky. Monyyaemas
B pesynbTate KapTiHa MpOCTPAHCTBEHHON WHTep(epeH-
LMK, cocTosiLas M3 obnacteit ¢ 6onbLION 1 Manoit amnnu-
TY[OMA, CTAHOBUTCS «(PUKCUPOBAHHOI», XOTS CamMi BOTHbI
MOryT NepemelaThes.

Pe3oHaHCHble CTOSYME BOMHbI BO3HMKAIOT TOMbKO
Torga, Korga, BO-NepBblX, 0Opasyetcss cxema CTosunxX
BOMH W3-3a B3aMMOENCTBINS MEXTY BOMHOM U ee oTpaxe-
HUSIMK OT ABYX Mnu 6onee NOBEPXHOCTEIA; BO-BTOPLIX, KOT-
[1a BOMHA UCXOMUT OT KaKOM-TO TOYKMW, OTPaXaeTcs OT op-
HOW MOBEPXHOCTW K APYroW, BO3BPALAsiCh B MCXORHYIO
TOYKY, M CHOBA MOET B NepBOHAYaNbHOM HamnpaeneHuu;
B-TPETbUX, KOrAa pacCTosHNE, NPONLEHHOe 3TOW BOMHOIA,
B TOYHOCTM KpaTHO €e ANuHE; BO3BpaLlaiowascs BonHa

b

103y
gory oM

Al

Puc. 13.

B 1] 13 1]

AgppekT pemngupoBaHus B 3asucumoctu or Q. lMyHk-
TUPHasi TUHNSA NOKa3bIBaeT Pe30HaHC C BbICOKUM Q, KO-
TOpPbIN CUIbHO BO36YXAaeTcs Npy BO3AeNCTBMU CUrHana
103 'y, Ho cnabo pearupyer Ha curHan 88 Iy. lTpux-
NYHKTUPHas NUHWS NMoKa3biBaeT aghgheKT Aemngpuposa-
Husi npyu cHWxeHun Q. B atom cnydae, Bo36yxaeHne n
Ha 88 'y n Ha 103 'y gaeT NoYTHU TaKo# Xe ypoBEeHb pe-
30HaHca. O6e KpuBble — U WTPNUXOBAasi N LWTPUX-MYHKTUP-
Hasi — NoKa3bIBalOT Pe30HAaHCbI MPU «4acToTe 3aBOAKU»
103 'y, Ho obe obnapgaroT OUHAKOBbIM KOJIUYECTBOM 06-
wevi aHepruu. B gericTBUTENbHOCTH Xe npu obycTporicT-
Be 3BYKOMOI/IOWaloLWmNX KOHCTPYKUnI 6onee rnagkvi
pe3oHaHc 6yAeT cofepXaTb MEHbLUE IHEPruu 1 MO3TOMY
6yner HuXe Mo ypoBHIO.
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YCUNWBAETCH, W ECTIM €€ NMOTEPU HEBENWKM, NONE 3TOA CTO-
f4eil BOMHbI CTAHOBUTCH PE30HAHCHBIM.

[nsi HArNSAHOCTY NPMBEREM NPOCTEMWINIA NPUMEp Pe30-
HaHCHOI CTOSHEN BOMHbI, 06pasytoweiics Mexay fiByMs na-
pannenbHbIMW CTEHAaMK1, OTCTOALLMMM pYT OT Apyra Ha pac-
CTOSHWE, paBHOe NONMOBMHE ANMHLI BOMHbI. BonHa, uaylwas
OT HEKOEN TOYKM K MPOTUBOMONOXHON CTEHE, OTpaXaetcs
Ha3af K MepBOil CTeHe, OT KOTOPOW OHa CHOBA OTPaXKaeTcst B
nepeoHaYanbHOM HampasneHun. [MoCKOnbKY paccTosHue
MEXMy CTeHaM1 PaBHO MONOBUHE [MHLI BOMHbI, TO BCE pac-
CTOsHWE, NPOVKEHHOe BOMHOW, BO3BPATUBLLENCS B UCXOM-
HYIO TOYKY, COCTaBNSIET OfHY ANWHY BOMHbI. 3aTeM BOMHa
YXOIUT U3 3TOM XE TOUKM C TaKo! Xe (ha3oi, 3-3a Yero Ha
cneqyioLem LyKne BonHa yeunusaetcs. Ecnu n3menuTb ya-
CTOTY BOMHbI WM PaCCTOSHME MEXMY CTeHamu, TO Cxema
CTOSI4EN BOMHbI OCTAHETCS, HO PE30HaHca YXxe He ByHeT.

CnepyeT Noa4epKHyTb, YTO CTOSYME BOMHbI CYLECTBY-
10T BCErAa Npy B3aMMOQECTBIM OMHAKOBLIX BOMH, He3a-
BMCUMO OT TOTO, CNIOXWUNAach PE30HaHCHas CuTyauus unu
Het. Moatomy ynotpebneHne TepMuHa «CTOSHAs BOMHA»
[INS OMMCaHWS TOMbKO PE3OHAHCHBIX YCNIOBUI ABNSETCS HE
COBCEM NMpaBWIbHbIM.

[MomelweHnst HenpasunbHON (HOPMbI NOPOXKAAIT BONb-
Wi pa3bpoc MopanbHbIX PE30HAHCOB MOCKOMbKY 3BYKO-
BbIM BOMIHAM B 3TOM Cly4ae TPYQHO «OTbICKWBATb» MyTw
PaBHON [NWHbI MPU KaXOOM MOCNENyIoWeM OTPaXeHUM.
[MosTomy npeobnafatoT MOAanbHble PE30HAHCHI B TaHrEH-
LManbHoN UK Kocoi (hopme, KOTopble, Kak npaewmo, Co-
flepxat MeHblle aHepruu, 4em akcuanbHble Mofbl, a UX A0-
BpotHocTb Q sBnsieTcs Gonee «pasmasaHHoi», Tak Kak ux
9Heprusi paccevBaetcs 6onee WHPOKO, HE MO3BONSS UM
HaCTPONTLCS Ha Kakue-TO KOHKPeTHble HOTbI. EcTecTBeH-
Hasi peBepbepaums y Takux MomeLueHnin obbi4HO 6onee
CrnaxeHa ¥ noyT He UMeeT JOMUHNPYIOLWKNX YacToT. M Bce
)Xe BO BCEX Bblllenepe4ncneHHbIx cny4asax camoit TpyaHO
npeoponuMoii siensieTcs npobnema nopasnequs Gonee Wwi-
POKO pPasHECEHHBIX MO B CaMbIX HIXKHMX OKTaBax CrbILLK-
MOr0 [iuanasoHa. B aTom gnana3oHe 4acTtoTbl UMeIOT Ta-
Kyt0 60MbLLYIO0 [IVHY BOMHBI, HTO COBNAKaTh C HUIMM TPYAHO
[1aXe C NOMOLLbIO HAKNMOHHbIX CTEH.

3ByKonornoulexne

Mbl yXe FOCTaTO4HO NOTOBOPMAN O MOLAX M PE30HaH-
cax, 06 UX BO3HUKHOBEHM W NOBE[EHNM B 32BUCMMOCTH OT
4acToThl, OT MO3ULMOHHON 3aBUCUMOCTH, @ TakXe O TOM,
KaK MOXHO B KakoW-TO CTeneHn ynpasnsite MapLipyTamu
MOR MyTeM U3MEHEHNUs MPOMOPLNiA M reOMeTpUK NoMelle-
HUS.. Ho BCe-Taku BPSIA N MOXHO AOBUTLCS MpUeMIembIX
aKyCTU4ECKMX YCNIOBMIA TONLKO STUMM METO[aMu, NosToMy
6e3 cuCTeM 3BYKOMOMOWEHUS Ham He 0BoiTuck. Bedb
MMEHHO 3BYKOMOTNOLALME NOBEPXHOCTI OTOMPAIOT 3Ha-
YMTENbHYIO YaCTb SHEPIUI 3BYKOBbIX BOMH MPU KAXOOM WX
CTOMKHOBEHMMN C 3TMMM NOBEPXHOCTSMM. 3TO NPUBORNT He
TONMbKO K 3HAYMTENbHOMY OCNabneHunio 3Hepritu pe3oHaHc-
HbIX MOf, HO 11 K CHUXEHMIO OBPOTHOCTM.

Ml BbISICHAAK, 4TO camas npobnemHas 06nacTb ¢ Tou4-
KI 3pEHIS BAUSHUS PE30HAHCOB Ha aKyCTUKY NOMeLLeHIs
— 3T0 30Ha NPOSIBNIEHNS rapMOHNYECKMX PE3OHAHCOB (yya-
cTok B Ha puc. 10), kotopast (B 3aBMCUMOCTI B OCHOBHOM
OT Pa3mMepoB NMOMELLEHNS) MOXET MPOCTMPATLCA OT H(pa-
HU3KWX 4aCTOT [0 HIXHUX CPEAHIX 4acToT. K coxaneHuio,
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Puc. 14. PacnpepeneHne pe3oHaHCOB B MoMeLyeHnn
(akcmanbHbie Mogbl):
a) nomewyeHune pasmepamm 525x 4x 2,5m;
6) nomelyeHue B hopme Kyba co cTOpoHo# 4 M.
TyHKTUPHOWM OopaHXeBow NMHNeN o603HavyeHa
KpuBasl ycpegHeHHOro ypoBHSi.
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Yacrora B uuknax 3a cekyway, [y

Puc. 15. Knaccuyeckune KpuBble paBHOBETMKON rPOMKO-
ctu ®neryepa-MaHcoHa, 4YEeTKO MOKa3biBaio-
wue ypoBHU YCHIIEHUS, KOTOpble HEOBGXOANMbI
Ansi obecnevyeHns oOLyLEeHNs ORNHAKOBOW
rPOMKOCTH Ha pa3HbIX YacToTax.

3BYKOMOTOLEHUE HU3KUX YacTOT — KaMeHb NPETKHOBEHUS
ANS ManbIx KOMHAT, Iie HeMb3st MPUMEHNUTL MHOTIE CUCTe-
Mbl NOIMOWEHNS STUX YaCTOT M3-3a BHYLIMTENLHBIX pa3me-
POB Takux cucTem. SPGeKTBHLIE NOrMOTUTENM HU3KMX Ya-
CTOT TPAAULIMOHHO MMEIOT 6ONbLUKE pasmepsl; UM TpebyeT-
€Sl NPOCTPAHCTBO B rMy6uHY, paBHOE YETBEPTN ANWHbI BOM-
Hbl CAMOW HW3KOW YacTOThbl, KOTOPYKO HYXHO MOrMowWaTh.
Ecnn anst yactotbl 40 'y AnuHa BOMHBI COCTABNSET OKOMO
8,5 M, TO NS NOrMOLEHNs 3ByKa C 9TON YacToTO U Bbllue
notpebyetcs cuctema nornotuenmns rmybuxon onee 2 m. U
€CNN B HEKOTOPbIX BURAX MOMELEHNUA C «KMBOM» aKyCTH-
KOW, npemHa3Ha4YeHHbIX AN 3BYKO3ANWCK, HE3HAYMTENb-
HOE NPOSIBNEHNE PE30HAHCOB MOXET BbITh MPUEMNEMBIM U
B HEKOTOPbIX Crly4asix Aaxe MonesHbIM, TO B KOHTPOMbHbIX

s eminartr

KOMHaTax, Ans KoTopbIX paBHOMEPHOCTb 3By4aHNs SBnseT-
CS MEepBOCTATENHON HEOBXONMMOCTLIO, WX MPUCYTCTBME
KpaiiHe HeXenaTtenbHo, Tak Kak 3710 MPUBOOMT K UCKaXe-
HMIO YCMIOBIMA MOHUTOPUHTA.

B kaKoli-T0 Mepe Hac B 3TOW CUTyaLmm Bbipy4aeT To,
YTO HalK YLLK UMEIOT PasHYI0 YyBCTBUTENBHOCTb K 3BYKO-
BbIM BOMHAM Pa3nnyHbIX YaCTOT CMLIMMOTO auanasoHa. B
YaCTHOCTY, UIMEET MECTO HEKOTOPBIN Cnag YyBCTBUTENbLHO-
CTW Ha rpaHnLax CrbIWAMOro uanasoHa, B TOM YUCTE W Ha
HU3KNX YacToTax. 910 HArmspHO AEMOHCTPUPYETCS KPUBbI-
MU paBHOil rpomkocT ®neTyepa-MancoHa (Fletcher-
Munson), 4To MOXHO yBUAETL Ha puc. 15. 13 atoro pucyk-
Ka X0poLLO BMAHO, KaK NafaeT YyBCTBUTENLHOCTb CyXa Ha
MOPOroBLIX 3HAYEHMSX YACTOTHOTO AManasoHa. Tak, ecrnu
Mo KP1BOIA, koTopas Ha ypoBHe nukun 3 KL COOTBETCTBY-
€T NOporoBoMy 3HadeHuto 0 b, nepeiiTh K ypoBHIO Ha Ya-
ctote 30 I, TO Mbl NONY4MM NPUPOCT 3BYKOBOTO AABNEHMS
B 60 0b. Ecnu xe, nos no KpuBOiA, NPOXOAALLEN Ha YacTo-
Te 3 kI yepes Touky 25 Ab, onycTuTses A0 YacToTsl 30 I,
TO BULHO, YTO Ha 3TOI YaCTOTe BENNYMNHA 3BYKOBOTO [aB-
neHns BydeT coctaBnATb NpumepHo 65 Ob. YTo 310 3Ha-
unt? Bo-nepsbix, A5 TOr0 YTO6LI OCTMYL MOpOra Crbiluy-
MOCTH, Ha YacToTe 30 'y HeoBXOAUMO 3BYKOBOE AaBNeHue
Ha 60 0B (M akycTuyeckas MOWHOCTb B MUAMUOH pas)
6onblue, YeM Ha Hactote 3 kI, Ytobbl Ha yactote 30 My
TPOMKOCTb 3ByKa COOTBETCTBOBANA rpomkocTh 25 ob SPL
OT YPOBHA Ha 4acToTe 3 KILi, HyXHO JOMONHUTENBLHO elle
40 b (v B 10 ThiC. pa3 6onbLWAS MOWHOCTb). STO roBO-
PUT O TOM, YTO MPW HU3KMX YPOBHSX 3BYKOBOTO AABNeEHNS
4enoBeYECKOe YXO HaMHOM0 YyBCTBUTENbHEE K CPEOHUM
yactotam, YeM K HU3KUM. Bo-BTOpbIX, 4TOOLI HA YacToTe
3 Kl NOBLICUTL FPOMKOCTb Ha 25 OB, ee HyXHO NOAHATb Ha
Bce 25 b (¢ 0 no 25 pb SPL), a BoT Ha 4acTtote 30 'y mo-
Tpebyetca Bcero nuiwb 5 [b, 4T06bI KOBUTLCS TaKOro Xe
MOBLILEHNS CYOLEKTUBHON FPOMKOCTH.

Ecnn cHoBa o6patutbCs K rpagukam, MOXHO caenatb
BbIBOA, 4TO 25 OB Haf NOpoOrom CyxoBOro BOCMPUATUS Ha
yacTote 3 Kl paBHOLIEHHbI MO rPOMKOCTH 5 ob Hap nopo-
rom BocnpusTis Ha yposHe 30 . Takum o6pasom, Boc-
NpMHAMaeMast iMHaMuKa 3ByKa 3HaUUTENbHO YBENM4MBa-
€TCA Ha HWM3KWMX yactotax. [pu BbICOKMX Xe 3HAYEeHUsIX
3BYKOBOrO faBneHusi, npesblwaiowmx 100 b, 3asucu-
MOCTb iBNseTCS 6onee NUHEHON.

Ho BepHemcsl K Hawwm 3ByKOMOMOWAIWMM KOHCT-
pyKLMAM.

Ans 3sykonornoweHns Hanbonee aQdeKTUBHbIMM AB-
NAIOTCA MHOOCNOHbIE KOHCTPYKLMW U3 pa3HbIX Matepma-
nos. [leno B TOM, YTO pa3Hble MaTepuanbl U BapuaHThbl UX
KOMMOHOBKM MOFMOLAIOT 3BYK NO-PasHOMY U 3((EKTUBHbI
TONMbKO B TEX MMM MHbIX MECTAX U HA TEX MMM WHbIX YaCTO-
Tax. Tak, 6onblune (haHepHble NaHen MoryT 04eHb XOpOLLO
nornowarb 3BYK, HO, Kak NpaBuno, TONbKO Ha OMpeaeneH-
HbIX YacToTax, NOCKOMbKY 06napaioT BbICoKUM Q (nobpoT-
HOCTb0). [ornoTuTens ¢ BbICOKMM Q MOXET XOPOLLO NOrfo-
watb 3BYK, Hanpumep, Ha yactote 80 I, HO NOYTH He no-
rnowaet ero Ha yactotax 60 1 100 . W ecnn Mbl Gygem
[0o6MBaTLCA 3BYKOMOMMOWEHNS C MOMOLUBIO TakuX CUCTEM
(c Bbicokum Q), TO HaM NOTPEBYETCSH UX MHOMO, YTO HEN3-
6exHO 6ypneT 3aHUMaTh MONE3HYH0 NNOLAab NOMELLEHMS.

Ecnu e Mbl noHn3um Q 3BYKOMOrMOTUTENS NYTEM [0-
6aBneHns amopTU3MPYIOWMX MaTtepuanos, TO He TONbKO
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MOHWU3MM YPOBEHb MOTMOLLEHINS €r0 OCHOBHOW YacToTl, HO
1 paclumpum YacToTHbIA ouanasoH mormowerus. Otclopa
MOXHO CAenaTth BbIBOA, YTO HAMHOIO paLMoHanbHee fobu-
BaTLCS 3BYKOMOTOLEHNS C MOMOLLBIO XOPOLIO CaMOPTU3N-
POBaHHbIX CUCTEM, YEM C NMOMOLLbIO HABopa 3BYKONOMOTH-
Tenel ¢ BbICOKOW LOOPOTHOCTbIO. Elle 0gHO npenmyLecTso
MornoTuTENei ¢ HU3KMM Q COCTOMT B TOM, YTO PE30HAHCHI
3aTyXaloT B HUX ropasno BbICTpee, Yem B MOMMOTUTENSX C
Bbicokum Q. [leno B TOM, YTO Pe30HATOPbI C BLICOKOA Yac-
TOTHOM 36MPATENBHOCTBIO, CMOCOBHLIE BLICTPO NOrNOWATL
3HAYUTENBHYIO AOMK0 SHEPrUM, UMEIOT U 0BOPOTHYIO «CTO-
POHY Mefanu»: OHU «MBST» ryAeTb Nocne NpekpaLleHus
curHana Bo36yXaeHus:; pyrMu COBamM, OHWU HAYMHAIOT
13nyyaTb BTOPUYHbIA MPU3BYK MOCNE WMMYNLCHOMO BO3-
6yxpeHus.

B cnepytowmx cratbsix Mbl 60nee noppobHoO paccMoTpum
npakTu4eckne npuemsl 1 MexaHU3Mbl 3BYKOMOMMOLLEHUS.

O(PeKTUBHOCTL MHOTOCTIONHBIX 3BYKOMOTMOLAOLNX
KOHCTPYKLMiA 06yCnoBNeHa Takke TeM, YTO 3BYKOBbIE BON-
Hbl O4€Hb «HE MKOBAT» NPOHMKATL 13 MEHEE MNOTHOI Cpe-
bl B 6onee nnoTHy0. 910 ABNEHME MOXHO NPOUNNIOCTPY-
poBaTtb [BYMs MpUMepamm.

Tak, B kHure ®.Hbtoanna «Recording Spaces» onucaH
cnyyai, korga B XIX B. Ha CKNOHe ropbl B Ka4ecTse Kcne-
PUMEHTA YCTAHOBMNM AiBE MyLUKY — OHY BHU3Y, XOTS U He Y
€amoro NoAHOXbS ropbl, @ APYrylo — BbICOKO, NOBNMXe K
BepLumHe. MNywKv 3apspuni ofMHaKOBbIM KOMWHECTBOM MO-

i 2000 m !

Puc. 16. 9xcnepumeHT ¢ nywkamu. [sa oguHaKoBbIX OpPYyANs1 YyCTaHOB/EHbI B MO3ULMNSIX A U
C u 3apsikeHbl OANHAKOBbIM Konin4yecTBoM ropoxa. lpm BbicTpene u3 nywkun C Ha-
6nmopgarenu B no3numnsax A, B u D noutu cpa3sy xe BUAST BenbilwKy. CnycTs Kakoe-
TO BpeMsi, COOTBETCTBYIOLY€EE JIOKalIbHON CKOPOCTH 3BYKa B BO3AYXE U PACCTOSIHUIO
Ao nosuunn C, Tpou HabnopaTens cnbilWwat BbiCTpen u3 opyaus. lpu BbicTpene n3
nywku A BernibiWKY BURST BCe Tpu Habniogartens. [locne Toro kak npoLuio cooTBer-
cTByoljee Bpems, Habnrogatens B No3nuun B cnbilunt 3ByK BbicTpena, Toraa Kak
Habniogatenu B no3nymsix C n D, Haxogsiwmecs B 6onee nioTHOM BO3AyXe, MOTyT
ero TaK M He ycnbilWaTb, HEB3Mpasi Ha TO, YTO HaxXoAsATCA K no3uunmn A bnmnxe, 4yem
Habnwogatens B.

poXa, 1 HanpoTUB KaXOo! MyWKW HA CKNOHE Jpyro ropbl
yepes yluenbe BbICTaBUNM Mo Habniofatenio — OfHOrO Bbl-
COKO, @ Jpyroro noHwxe (puc. 16). Mywky, Haxopswyocs
HUXeE, HE MOCTaBUNMN HA CaMOM [HE YLIEeNbs TOMbKO NOTo-
My, 4TOObI Y Hee He 6biNn0 HEOBOCHOBAHHOTO MPENUMYLLECT-
Ba B MNaHe yCuneHnst 3Byka 3a CHET TOro, 4T 3BYK OTpa-
Xaetcs OT fHa ywenbs. lMpu NpoBedeHUN BbICTPENoB
BCMbILKMN 1 AbIM BbINK XOPOLIO BUAHBI M30 BCEX YAANEHHBIX
[pyr OT Apyra NyHKTOB HabMofeHMs, a NOCKOMbKY paccTos-
HME [0 HUX BbINO M3BECTHO, TO NPenonaranoch, 4To 3ByK
[0 HUX OWET MO UCTEYEHUN COOTBETCTBYIOWMNX MHTEPBA-
1IOB BPEMEHH.

lMepBbiM 6bin NPOU3BELNEH BLICTPEN U3 HKHEN MYLIKK.
Cnywartenv B noanunsx A, B n D oxwugani npubsitus 3ByKa,
11 TOT, KaK 11 Mpeanonaranoch, OWen [0 Kax[oi Nosnuum B
COOTBETCTBYIOLMIA MOMEHT BpEMEHM. B kaxpom cnyyae Ha-
6niopateny, ycrbilwas 3BYK, CUTHaM3NpoBany (naxkamu o
€ro npubbITUK. VIHTEHCMBHOCTL 3BYKA B KaXaoM Habniopa-
TeNbHOM MyHKTe OMUChIBANAch HACTONMLKO TOYHO, HACKOMLKO
370 6bIN0 BO3MOXHO B TO BPEMS, KOra elle He bbinu n306-
peteHbl Npubopsl ANS M3MEPEHNs YPOBHS 3ByKa. pomkii
3BYK YCnblwan HabntofaTenb, HAXOOMBLUMIACS BHU3Y Ha Npo-
TMBOMONOXHOW CTOPOHE yLienbs. [18a Habniogatens, pacno-
NOXMBLIMECS CBEPXY Ha MPOTUBOMONOXHbIX CTOPOHAX Ylue-
nbsi B No3uumax A u B, cribiwani He Takoi rpOMKWIiA, HO OT-
YeTnMBLIiA 3BYK (CM. puc. 16). Korpa BbicTpenuna BepxHss
nywwKa 13 NosuumMn A, BCTIbILLKY W [1bIM OMSITb-TaKW OTHETIN-
BO BUAENN BCE Habniopaten, HaXoAMBLUMECS HA PacCTos-
HWK OT Hee, HO Ha aToT pa3 B noauumsx B, C u D. Mo ucte-
YeHUM npepnonaraBLIErocs OTpe3ka BpeMeHu Habntopa-
Tenb B N03uLMK B npocurHanuanpoBan o Tom, YTO OH OTHET-
nMBo ycnbiwan 38yK. Ho BOT npowwno 6onee Yem goctatoy-
HO BPEMEHMU, 33 KOTOPOe, KaK 0XMAANoCh, 3BYK JOMKEH Obin
6bl yXe poiti §o noamumii C u D, ogHako curHanos He no-
CrnefoBano, NOTOMY YTO HUKAKOro 3Byka Habniogateni, Ha-
XOAVBLUWECS TaM, He YCTblany.

113 370r0 coenanu BbIBOA, YTO OTHOLIEHWE MANOTHOCTY
BO3[yXa B TOM MeCTe, rie Mpo3ByYan BbICTPeN, K MiOTHO-
CTV BO3OyXa B TOM MECTE, rie OH YCrbiwaH, u ecTb TOT
(hakTop, KOTOpbLIA ONPERENSET, C Kakon CUNoi pacnpocT-
paHsieTcs 3ByK. BbiCTpen B yCnoBusiX O4eHb MIOTHOMO
BO3[yXa BHU3Y yLLUEeNbst CMOT NETKO Bbi3BaTb pacnpocTpa-
HeHWe 3BYyKa He ToNbKO K NyHKTY D, rie nnoTHOCTb BO3aY-
xa 6bIna Takom Xe, HO U K NyHKTam HabnioaeHUs B ToUKax
A v B, pacnonoxeHHbIM Bblille, BO3[yX B KOTOPbIX MMEET
MEHbLUYI0 NAOTHOCTL. YTO XE KacaeTcs BepxXHeml MyLiku,
TO XOTS! BbICTPEN U3 Hee Bbin XOPOLWO CrbIeH B NO3MLUM
B, koTopas Haxopunach B TaKOM Xe pa3pexXeHHOM BO3ay-
X€, HO OH PELNTENLHO He CMOT MPoBUTLCA CKBO3b Bonee
MNOTHbIA BO3MYX K PACMONOXEHHBIM BHWU3Y MyHKTaM Ha-
6niopetns C u D. U 310 HecmoTpst Ha To, uto no3uuus C
Haxopunachk K nosuuuun A 6nmxe, 4em noauums B, B Koto-
PO 3BYK ObIn OTHETAMBO CrbllLeH. 1o cpaBHeruto ¢ 6onee
MNOTHLIM BO3[YXOM BHU3Y YLIENbS, PA3PEXEHHBI BO3AYX
6nxe K BepLUNHE rOpbl CO3aBan B3pbiBY NOpOXa, Bbine-
TEBLEMY U3 XEpna Opyausi, MEHblE COMPOTUBNEHNS, OT
KOTOPOTO TOT MOT OTTOMKHYTLCS. A eCint Y B3pbiBa MEHb-
e BO3[yXa, 0T KOTOPOro OH MOXET OTTONKHYTLCS, TO NpK
B3PbIBE BbINONHAETCS M MEHblUee KONUYECTBO paboThbl.
A ecnv paboThl BbINONHAETCS MEHbLUE, 3HAYUT 1 3BYKA re-
HepupyeTcs MeHblue. [laBneHne Bo3ayxa CHUXaeTcs noy-
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T Ha 100 mlMa yepe3s kaxable 8 M nogbema Hag ypoBHEM
MOpS, & COOTBETCTBEHHO YMEHbLIAETCS W €r0 NNOTHOCTb.
Kcratu, npu 2000-MeTpOBOIA pa3HOCTH YPOBHEN, Ha KOTO-
pbIX CTOAT MyWKW Ha puc. 16, AaBneHne Bo3ayxa B Bepx-
HUX no3uuumsx A n B coctaBnset meHee 75 % OT Toro, Ko-
TOpoe Habniofaetcs B HUXHNUX no3uumsix C u D.

MoxHo npusecTy v 6onee npocToit npumep. Beem n3-
BECTHO, YTO MNOTHOCTb BORbI HAMHOIO BONbLUE MAOTHOCTY
BO3[yxa. boNbLWMHCTBO 13 HAC BO BpeMs OTAbIXa Ha Mope
Kynanucb, HbIpsinK, & HEKOTOpbIE AaXe MOrpyXanucb C ak-
BanaHrom. BcnomHuTe, Kak 3ByKu LIYMHOTO Nnsixa MOMEH-
TarnbHO NPeKpaLLan1ch Nocne Toro, kak BO BPEMS HbIPSHUS
WIW NOrPYXEHNS C aKBanaHroM Bbl (1 Bawm ywn ©) okassl-
Banucb Nof BOZON.

MoatoMy ecnn B 3BYKOMOIMOWAIOWEN KOHCTPYKLINM
MPUCYTCTBYIOT NONEPEMEHHO MaTepuanbl ¢ pasHoii MNOTHO-
CTbIO, TaKas KOHCTPyKUMS cnocobeTByeT Bonee sdekTns-
HOMY 3BYKOTMOTTIOLEHNIO M OCOBEHHO 3BYKOM30MALWN.

Pesepbepauna
Auchepy3na u anchpakuma.

Mocne paccMoTpeHuns Npobnem, CBA3aHHbIX C MOgaMM
11 Pe30HAHCaMM, Mbl MOCTENEHHO NEpexoanM K BOMpocam
pesepbepaumin nomelueHns. B Hepganekom npownom pe-
Bepbepauus cuuTanach €QMHCTBEHHOW W CaMoii BaXHOM
XapaKTepUCTUKOI 3aKPLITOr0 MOMELLEHNS, NMPeaHa3HaueH-
HOTO NSt 03BYHEHUS peym U My3abiki. CnycTs HekoTopoe
BPEMS NON BMWUSHWEM (DyHOAMEHTaNbHbIX MCCEdoBaHNN
aKyCTMYECKMX CBOWCTB 3aKPbITbIX NOMELLEHMIA 3HAUMMOCTb
pesepbepaumu noybasunack. /1 ceitvac pesepbepauns se-
NFETCH OfHUM U3 HECKONbKUX 3aMepsieMblX NapameTpos,
10 KOTOPbIM OMPENeNsioT KA4ECTBO 3BY4aHUS NOMELLEHNS.

Mbl yXe KOe-4TO 3HaeM O «MOBELEHNN» MOMELLEHNIA B
30HE [1@BNEHNS 1 B 30HE PacipefeneHns rapMOHNYECKIX
Pe30HaHCOB, KoTopble Ha puc. 10 0603HA4EHbI COOTBETCT-
BEHHO Oyksamu A 1 B. Tenepb BKpaTLie pacCMOTPUM, HTO Xe
NpOVUCXOAVT B 30HE Anddy3ann u pucpakumm nog 6ykeoii C.

A3BeCTHO, 4TO NpW CTONKHOBEHWM 3BYKOBOW BOMHbI C
MOBEPXHOCTBI0 YaCTb €€ MPOXOAUT fanblue, YacTb OTpaxa-
€TCA 1 4acTb nornowaetcst. To Xe MOXHO cKa3aTb 1 0 CBe-
Te, Napaiowem Ha okHo. CBeT nonafaert B NOMELLEHNe Ye-
pe3 OKOHHOe cTekno. Ecnu BCTaTh 3a OKHOM, Mbl YBUANUM
Ha CTekne CBOE 0TPaXEHWe; 3TO 3HAUWT, YTO CBET OTpaxa-
eTcs Tyma, OTKyda OH mpuiwen. Yepes OTKPLITOE OKHO B
KOMHATy MPOHMKAET HECKOMbKO 60MbLe CBETA, YEM Yepes
CcTekno. PasHnua B 0CBEWEHHOCTM Ha yNuLEe W B NOMelLle-
HWM MUHYC KOMMHYECTBO CBETA, OTPAXEHHOMO Ha3ap K CBOe-
MY UCTOYHUKY, SBNSAETCS COBCTBEHHBIM YPOBHEM MOFMOLLE-
HWs CTeKna, KOTOpoe NpeobpasyeT SHepriMo CBeTa B Tenno-
BYI0 3HEPruio. Ecnn B 0KHax yCTaHOBMTbL (urypHoe CTeknNo,
TO CBET BY[eT NOCTynaTh, HO He BYLET BUJHO ero UCTO4HM-
Ka, a B KOMHaTy ByayT oTbpackiBaThCs MWL CMYTHbIE Te-
HW. Onddysus nepemewnBaeT ANCKPETHbIE WCTOHHWKM
3HEprui 1 XopoLLo Mx paccensaer. A gudpakuns — 310 uc-
KP1BNEHMe 3BYKOBbIX (CBETOBbIX) BOMH, Orubatolnx o6bek-
Tbl, 0COBEHHO C OCTPLIMI yrnamu. Audpakuns Npoucxopmt
11 CO CBETOM, KOTOPbII OTKIOHSETCS (Qntparupyet) BOKpyr
rpaHeii Hempo3payHoro Tena. Audpakumst CBETOBbIX BOMH,
KaK 1 3ByKOBbIX, 3aBUCUT OT 4acToTl. [Mpu 9TOM OHa co3paa-
€T 3adeKT papyri, KOraa CBET MPOXO[MT CKBO3b Y3KYI0
wenb unu 06X0aNT OCTpLIA yron. B cylwecToBaHun naparn-
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nenen Mexgy 3ByKOM M CBETOM HET HUYEr0 HeOBbIHHOTO,
TaK Kak 06a npumMepa cBs3aHbI ¢ PacnpoCcTpaHEHNEM BOIH,
160 OfIHVW 1 TE Xe 3aKOHbI PAaCTPOCTPAHEHUS BOMH NpUMe-
HUMBI W K 3NEeKTPOMArHUTHbIM CBETOBbIM W PA[MOBONHAM,
1 K aKyCTUYECKUM 3BYKOBbIM BOMHAM.

B nomelueHnn Ha BbICOKMX 4acToTax 3By4aHue sens-
€eTcs KOMOMHaLMed NPAMOro 3BYKa, 3epKanbHO OTPaXEH-
HOTO OT TBEPAbIX MOBEPXHOCTEN, a TaKXe paccenBaeMoro B
pesynbTate audMdY3in U UCKPUBNEHHOTO B peaynsTate an-
(hpakunm. 3epKanbHbIMU Ha3bIBAIOTCA OTPAXEHMS, KOTO-
pble BO3BpALAOTCS 06paTHO B KOMHATY AUCKPETHBIMM W
HETPOHYTLIMM (Kak Nyy CBETa, HanpaBneHHbI B 3epkano).
AnddysHble OTPaXeHNs MOXHO CPaBHUTL C OTPAXEHWEM
ny4a csera ot nucta Gymaru. B Hawem cnyyae oHu nposiB-
NSI07CS B AuanasoHe, 0603Ha4eHHoM Ha puc. 10 6yksoi C.
B atom xe auanasoHe nposBRsoTes U adeKTs andpak-
LK (MCKPUBNEHWE BOMHbI BOKPYT OGLEKTOB).

Takum 06pa3om, 30Ha pacrpeneneHns pesoHaHcoB 1
30Ha guddy3nmm 1 gudpakummn cooblia o6aBnsOT K Nps-
MOMY 3BYKY Cnepylolume adMeKTbl: AudpakLMoHHyto, and-
(y3HYI0 1 OTPAXEHHYIO SHEPTUIO.

Bpema pesepGepau:
npo6nembl N3MepeHIi

MbI paccMoTpeny Bonpockl BO3HWKHOBEHWS U pacnpocT-
paHeHust 3ByKOBbIX BOMH, X B3aUMOLEACTBIE CO CBOMMM OT-
PaXEHUSMW OT MOBEPXHOCTEN MOMELUEHMIA U U3MEHEHNE Xa-
pakTepa Takoro B3aMMOQENACTBUS MPU U3MEHEHUM FEOMETPU-
4eckon KOHMUrypauun NOMELEHUs, a TakKe OCOBEHHOCTH
B3aUMOOENCTBIS OTPaXEHHbIX BOMH B 3aBMCMMOCTM OT Yac-
TOTHOrO AnanasoHa. Ho BCe 3Tk MpoLECCh OCYLLECTBASIOTCS U
pa3BMBaIOTCA BO BPEMEHW. YTO Xe UMEHHO MPOMUCXOQWT, Ha-
npumMep, Mpu WMPOKOMONOCHOM WUMMYNLCHOM BO36YXOEHUN
aKyCTUYECKIN HEMONrOTOBNEHHOMO NOMELLEHNS?

CnycTs kakoe-To Bpems nocne MMnynbCHOro Bo3byxae-
HUst B TOYKY BO30YXOAEHUS BO3BPALLATCS NMEPBbIE OTPaXe-
HMS  OT camblx 6nu3nexawmx MOBEPXHOCTEN, TaK
Ha3blBaeMble paHHWE OTPaXEHWUs. 3aTeM NPUXOQSAT OTpaxe-
HUS OT APYruX MOBEPXHOCTENA, @ TakXe OTPaXEHMs, KOTOpble
ycnenu oTpasuTbCst NOL PasHbIMK Yrnamm OT HECKONbKUX Mo-
BEPXHOCTel. Ha ofHUX YacToTax 5Tv OTPaXeHMs yracatot Obl-
CTPO, @ Ha 4acToTax, COBMafatoLLMX C PE30HAHCHbIMM 4acTo-
TaMmi MOMELUEHNS, OHI KaK Bbl 3aBUCAIOT 1 yracaloT ropaspo
menneHHee (puc. 17). Benen 3a paHHUMN OTpaXeHUs MM Moi-
OyT MUpMadbl OTPaXeHWi, KOTopbIe BCKOPE CONbIOTCS B TO,
4TO Mbl 06bIYHO Ha3biBaeM peBepbepauneit. Yepes kakon-1o
Nepwof 3TV OTPAXEHMS 3aTyXaloT NOMHOCTbI0. Ecnn aTo Bpe-
M$ [OCTATO4HO 6OMbLLIOE, TO B BO3HMKLIEN CYMSATULE COBEp-
LWEHHO HEBO3MOXHO paccnbllwath Kakne-nmbo HIOaHChl My3bl-
KanbHOro McnonHeHus. Pa3Huua Mexmy akyctuyecku obpa-
60TaHHbIM 1 HeobpaboTaHHbIM MOMELEHNEM CribIlLHA, KaK
TOBOPUTCS, «HEBOOPYXEHHBIM yXOM>». ©

B 3701 CBS31 04eHb MHTEPECHO HabnoaaTh 3a NoBeneHM-
emM pabouux, CTPOSWMX CTyauio. Ha Hawwmx CTpoikax pagmo-
NPUEMHUK SBNISETCS TaKUM XE HEOTbEMNEMbIM aTpubyTom,
KaK MOMOTOK 1 Mnockory6Lbl. 3By4aHne ero B NOMeLLeHU B
nepBble AHW CTPOWKI MPOCTO YXKACHO: CMINOLHON ryn 1 By6He-
HUe, HU4ero He pasobpatb. Ho yxe Yepes HECKONbKO [HEN
pabouue CrbilwaT U3MEHEHUs B 3By4aH CBOETO Papmo-
MPUEMHMKA. BOMBWMHCTBO M3 HUX MO OKOHYaHUK CTPOU-
TeNbCTBA NPU3HABANCH, YTO WX YOMBUIO WU NOTPSICIO 3BY-
YaHue paguonpuemMHuKa B 3aKOHYEHHOW KomHarte. [pyru-
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MW CTIOBAMM, Pa3HULly OTYETIMBO CMibILANK MoK, B Cuiy
CBOEW Npotheccun K paboTte Co 3BYKOM HUKAKOTO OTHOLE-
HUS He umetowwme. Mpepnonararo, 4To B NepBY0 O4Yepenb
OHI pearvpoBani UMEHHO Ha U3MEHEHIE BPEMEHN PEBEp-
6epauum nomeLLeHus.

3a Bpems pesepbepaumn (0603Ha4aeTCs Kak RTg)

MPUHATO CUUTaTL BPEMS, B TEHEHE KOTOPOTO 3BYK 3aTyXaeT
Ha 60 Ab ot cBOero nepsoHauansHOro YpoBH:. Hanpumep,
€CTN 3By4aHm1e OPKecTpa B KOHLIEPTHOM 3ane MOXET 0CTH-
ratb ypoBHsi B 100 Ab npu ypoBHe (hOHOBOTO Lyma rae-To
okono 40 ab, To (uHanbHbIE akKOpAbl OPKECTPA Mpu 3aTyxa-
HUW PaCTBOPATCA B LWyME Npu NafeHnn ux YpoBHS NpuMep-
HO Ha 60 b, T.e. 60 §b — 310 3aTyxaHue 3ByKa [O OFHON
MWMMOHHON YaCTY OT €ro NepBOHAYaNbHOI MOLHOCTY.

Mbl He 6ymem ceiivac paccmatpuBath rpaduku Bpe-
MeHM peBepbepaunmn pasninyHbix NoMeleHwit. B gencteu-
TENbHOCTU «ONble» XapakTepuUCTUKN Mano YTo Ham roBo-
PAT O BOCMIPUHAMAEMbIX aKyCTUHECKMX OCOBEHHOCTAX Mo-
MeLLEeHW, a HenpaBWIbHAA MHTEPMPETALMS UX B «O4yMe-
NbIX PyyKax» MOXET flaxe HaHecT! Bped.

MoHATUE O TUNKYHOI BEnn4MHe RT g, NPOUAMIOCTPUPO-
BaHO Ha puc. 18. Ha mByx rpagmkax npencrasneHs! Bpe-
MEHHbIE XapaKTepucTukin pesepbepaLi [BYX KOHLEPTHbIX
3aroB, a Bpems pesepbepaLmi NokasaHo B 3aBUCUMOCT
OT YacToTbl. [laHHbIE rpadukv faloT HENMoXoe npeacTasne-
HME O «4aCTOTHbIX XapaKTepucTukax» aTux 3anos. 3sy4a-
HWe B 3ane, xapakTepuctuka Kotoporo u3ofpaxeHa Ha
puc. 18, a, CyGbEKTMBHO GyAeT BOCIPUHUMATLCS Kak 6onee
TENnoe W HacbleHHOE. B T0 Xe Bpems OHO ABnseTCs Me-

a)
Himira r"'r-_ﬁ‘_‘\.
hh"'w-._.-*'x\______-' '\.\

Haomorma

6)

Toaara -____———____‘_
Hacmoma

B)

B —_— _\__\__\_\_\-\"-\-_\_\_

e

Haeiana

Puc. 17. Xapaktepuctnka 3atyxaHus (peBepbepaums):
a) HexenaTtenbHoe HepoBHoe 3aTyxaHmne. Kpu-
Basi aT0ro Tuna byAeT NPUBHOCUTDL B 3aruCh He-
HYXHYI0 OKpacKy;
6) nnaBHoe XenarenbHoe 3aTyxaHue, rpu KoTo-
POM OKpacKku 3By4aHus He Habnrogaercsi;
B) 3TOT rpaghmK TUNMYEeH Qs MasbiX KOMHAaT ¢
MeHbLed dHeprueN Ha HU3KMX 4acToTax.

Hee OTHETNMBLIM, YeM 3ByYaHWe B 3ane, xapakTepucTika
KoTOporo n3obpaxexa Ha puc. 18, 6, nockonbKy B Nepsom
cnyyae Bpems pesepbepaumi Ha HU3KIX YacToTax ropas-
o 6onblue, a 370 He TONbKO fenaeTt 6ac 6onee CoYHbIM, HO
W MackupyeT MHOTUE HErpOMKIME OfMHOYHbIE BbICOKOYAC-
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Puc. 18. Bpemsi peBepbepaumm B ByX KOHLEPTHBIX 3anax.
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Puc. 19. Ipachukn Lpenepa:

a) B nomelyeHun ¢ npeanbHou pesepbepaynei
rpaghuk Lipepepa pan 6b1 NPAMYI0 TUHUIO 3aTy-
XaHusi. B onuceiBaemMom Xe cry4yae RTz 4YyTb-
4yyTh npesbiaeT 2,5c;

6) arot rpaghuk Llpeaepa ans aKcnepumeHTanb-
HOM KOMHaTbl NMoKasbiBaeT TO, KaK ycTaHOBKa
151 CPEACTB aKyCTUYECKOro KOHTPOJIsl N03BOJIsi-
€T YMEHbLUNTb IHEePruio U3 Ha4anbHoOro oTpeska
KpMBOW 3aTyxaHusi, «o4uwjasi» KOMHaty 6e3
3Ha4YNTENIbLHOTO CHMXXEHUSI BPeMeHN 3aTyXaHusl
Ha ypoBHe -50 dB.
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TOTHble HI0AHChI. K COXaneHuio, Takue rpaguki rosopst
HaM TOMbKO O TOM, YTO NPOUCXOOUT Ha ypoBHe -60 Ab, HO
HWYEro He roBOPSAT O TOM, YTO XK€ MPOMCXOANT B TEYEHMe
€amoro npouecca 3artyxaHusi. W B 3aBUCMMOCTH OT TOO,
Kakum 06pa3om 3aTyxaeT pesepbepaumsi, MOXET Cry4uTb-
€S, YTO HallK NPefcTaBneHns 0 CyOLEKTUBHOM KauecTBe
3BYKa MOryT 0Ka3aTbCsl OWNGOYHbIMM.

CyLecTByeT MHOrO METOAVK u3mepeHns pesepbepa-
LK, ee «noBefeHns». CBOM METOOMKN B pa3Hble BpeMeHa
pa3pabarbiBani Bemylume y4eHble-akycTuku mupa: bepa-
Hek (Beranek), LWynby (Schulz), Wpepep (Schroeder), Ca-
6uH (Sabine), SitpuHr (Eyring) u mHorve gpyrue.

Hanpumep, MeTof NOCTPOEHUS (hYHKLMIA 3aBUCUMOCTH
aHepruv peaepbepauim ot BpeMeHn. OQHUM 13 BapuaHToB
Takon metopmkm sBnsieTcs rpadmk Wpepepa (Schroeder).
Ha puc. 19, a nokasaH rpadwk 3atyxanus (no Wpenepy),
KOTOpbIi XapaKkTepeH Ans xopoLuei pesepbepaLnoHHoN Ka-
mepbl. OfgHako B CTyOusX BCerfa NpucyTCTBYIOT 3BYKOMO-
TMOLLEHMe, paccenBaHne 1 LENbIi psp OTPaXeHW:, KOTo-
pble coobLua BHOCST CYLIECTBEHHbIE KOPPEKTUBLI B peanb-
HYI0 KapTWHy 3aTyxaHus, Jenas ee KpuBylo Kyfa MeHee
nnaeHom (cm. puc. 17, a).

Ha puc. 19, 6 npuBeaeHbl rpaduku, xapakTepHsie ans
TUMUYHBIX CTYAMIAHLIX MOMELLEHUA, & Ha puc. 20 — pspa pe-
anbHbIX peepbepaunoHHbIX XapakTEPUCTUK PasHbIX Mome-
LEHMA, KOTOpblEe MMEIOT OfIMHAKOBOE 3HaueHne RTq 1 KO-
TOpble MOIMN bl faBaTh O4EHb CXOXWE rpaduku, ecnn Obl
3amepbl MPOM3BOAMANCH NO TaKOW Xe METOMKe, Kak 1 Ha
puc. 18. 13 puc. 20 BUGHO, 4TO MOMELLEHIE, XapakTepucTi-
Ka KOToporo Ha anarpamme 0603Ha4eHa CroLLHO KpUBOM
NHWEN, WUMEET ropasgo MeHblie peBepbepauMoHHON
SHEPruK, YeM oCTanbHblE. Y NOMELLEHNS C TaKoi XapakTe-
pucTHKOA 6onee BLICTPOE M3HA4aNbHOe 3aTyXaHne, 1 OHO
6yneT MeHblle MacKupoBaTb HIOAHChI CPERHEro YPOBHS
TPOMKOCTY B TeX 3BYKaX, KOTOPbIE NOSIBNSIOTCS BO BTOPOH
MONOBMHE CEKyHAbI Nocne BO36YXAEHNS rPOMKOrO 3ByKa.
A BOT OCTanbHble MOMELEHNS, XapaKTEPUCTUKN KOTOPbIX
MMEIOT BUL MyHKTUPHBIX NuHKiA, 6ynyT obnapats 6onee Ha-
ChllieHHbIM 3ByYaHneM. Takum 06pasoM, Ou4eHb 4acTo

Awmnnutyga, Bb

1 &
Bpewms, ¢

Puc. 20. Tpn pasHbie XxapaKTepUCTMKW 3aTyxaHusi ¢
HOMMHaNbHO OfINHAKOBLIMU 3Ha4eHnsAMM RTy
cocrtasnsiowmumu 2 c. BugHo, uyro kpusas N°3
cofepXUT B LesloM Hanbonbliee KOIM4ecTBo
aHepruun, noaromy, ecnn 6bl 3TU KpuBbie
npeactaBnsnn cobo koMHaTbl, KoMHata N3
3By4ana 6bl rpomye Bcex, a komHaTta N°1 ga-
Bana 6bl 6Gonee or4yeTnIUBOE BOCHPUSITHE
HIOAHCOB.

s eminartr

MIMEHHO XapaKTepucTuka W3Ha4anbHoro BPeMeH 3aryxa-
HUS (Hanpumep, Bpems 3atyxaHns Ha 10 ab) GonbLue roBo-
pUT Ham 00 aKycTMKe MOMELleHNs, YeM 3HaueHne RTg,
3TOr0 XE MOMELEHNS.

Kak MOXHO 3ameTuTb, U3MepeHne pesepbepauim u
OLIeHKa M3HavanbHbIX aKyCTUYECKUX CBOWNCTB NOMELLEHMS
— o4eHb HenpocToe geno. CyuwecTsyioT v gpyrie 6onee
CNOXHble METOANKM M3MEpPEHMiA, KOTOpble 30ECh He pac-
cmatpusatoTcs. Ho B MpUHLMNE, MOXHO CAenatb BbiBOG O
TOM, YTO ECMIN MOMELLEHNE HE MMEET Cepbe3HbIX NPobnem,
CBA3aHHbIX C APKUMI MPOSBNEHNSAMI PE30OHAHCOB B pe-
BepbepaumoHHbIX XBOCTax, To rpagmk LWpenepa Haubonee
MOAXOMOMT ANS OLIEHK BPEMeH pesepbepaLyu, Npu 3ToM
OCHOBHbIM MHTEPECYIOWMM HaC MOMEHTOM SIBASETCS CKO-
POCTb 3aTyXaHusi S3HEPriv B NOMELLEHIM.

Puc. 21. Mpumep tpaghmka ETC.

Pa3Butie KOMMbIOTEPHON TEXHWUKW MPUBENO K TOMY,
4TO CTano BO3MOXHbIM 0ObEANHEHNE W OTPaXEHWE Tpaou-
LIMOHHBIX rpadnkoB RT4) COBMECTHO C TaK HasblBaeMbIMi

rpacmkamn ETC. Takve rpadvkv o4eHb yrobHbI ans aHa-
Nnn3a, TaK KaK [aioT BAR B NepcnekTuse no Tpem Ocam
(puc. 21): ocu npeacTaensiet cobon COOTBETCTBEHHO amn-
NNTYAY 3BYKa, BPEMs 1 4acToTy.

B nio6om cny4ae Hago NOMHUTb, HUKaKWe rpatimkin He
NO3BONAT AaTb TOYHYIO OLiEHKY aKyCTU4ECKMM CBOMCTBAM
MOMELLEHMS, NOTOMY 4TO UH(opMaLMs Ans No6bIX rpatm-
KOB «CHUMAETCS» C U3MEPUTENbHBIX MUKPO(OHOB, KOTO-
pble faneko He Tak YyBCTBUTENbHbI, KakK Hall CJ'IyXOBOI7I
annapart. EcTb u fpyrue otanyms. Hanpumep, B npouecce
9BOMOLMM YyBCTBUTENBHOCTb HALIEro ClyXOBOrO annapa-
Ta K BEPTUKaNbHbIM OTPaXEHUsIM cTana Huxe, 4em K ro-
PU30HTanbHLIM. B TO Xe Bpems y M3MepuTenbHOro MUK-
podhoHa C KpyroBOi HanpaBfEHHOCTbI0 OHA BO BCEX Ha-
npaeneHuax oanHakosa. I'IoeTomy He UCKNOYEeHOo, YTO Ka-
KOe-To Kaxyleecs 6e306MaHbIM B NpoLecce u3MepeHui
OTpaXXeHue B pearnbHOCTI MOXET pe3aTb HaM CryX 1 BbiTb
HasonnmBbIM. B T0 xe Bpems 6onee rpoMKoe oTpaxeHue,
pacnpocTpaHsioLeecs No BePTUKanM, Ha ClyX MOXET Wr-
HOpMpoBaThCA. M3 CKa3aHHOro MOXHO CAenath BbIBOR,
YTO HMKakune rpa(pMKm He AOMXHbI ObITb €0MHCTBEHHbIM
VCTOYHUKOM WH(OpPMALMK AN NMPUHATMSA pelleHns no
akyCTU4ecKoMy MpOeKTUpoBaHWio. Ecnu Mbl xoTum y3-
HaTb elye O CTPOMTENLCTBA KOMHATI, KaK OHa 3a3BYHMT,
TO NPOCTOE MOCTPOEHWE rpadMkoB KakMx-To 3apaHee 3a-
[aHHbIX XapakTepuctuk Mmano u4to pact. Cnepyet
BOCMOMb30BaTLCA elle 1 ApYruMin MeTofamum.

EcTecTBeHHbIN BONPOC: 4TO HAM € STUM Aenarthb W Kak
peanu3oBarb BCe 3T0 Ha NpakTiKe?
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OTBET B KaXA0M KOHKPETHOM Cly4ae 3aB1CHT OT Onbl-
Ta W faXe OT MHTYMLMW NPOEKTUPOBLUMKA Balleid CTYauM, a
TaKKe 0T TPeBOBaHMIA K BaLWMM CTYANIAHBIM MOMELLEHNSIM,
a OHYM 3a4aCTylo CUNBHO OTNMYAOTCS. [1a U OAHOMO U TOro
X€e pesynbTata MOXHO [0BMTbCS pasHbIMM METofamu U
TEXHONOTMSIMM W NOTPATUTL NMPU 3TOM Pa3HOe KOMMYECTBO
feHer. B nocnepytowmx ctatbsix Mbl paccMoTpum Tpebosa-
HUSt K KOMHATam C HeMTpanbHO, NEPEMEHHON, «XNUBOW»
aKyCTUKOi (Hanmpumep, KaMEHHBIM), @ TaKXe, ECTECTBEHHO,
K KOHTPOMbHBIM KOMHaTaM.

Mertopbl W3MeHeHua pesepGepaim

CywecTByeT [iBa 0BLWENPUHATLIX METOAA, MPUMEHSIEMbIX
Ins co3nanms peeepbepauuin: OTpaxeHuin u paccemsaHns. B
nocnegHme rofbl Takue komnaxuu, kak RPG u3 CLLUA, coapa-
NU WMPOKMA aCCOPTUMEHT aKyCTUYECKUX paccenBaTeneit
(Bnchchy3epoB), CNOCOBHbIX «paboTatb» B WWPOKOM HacToT-
HOM cnekTpe. OHW NOCTPOEHbI MO MPUHLMMY MaTpULbl, B KO-
TOPOA YepenyloTcs 06bEMHbIE AUEUCTbIE PE30HATOPbI pas-
Hoi rny6uHel (puc. 22, Il v 1V). Mopsiok pacnonoxenus s4e-
€K 1 ux rnybuHa onpeaensioTcs B CTPOTOM COOTBETCTBUM C
onpenenexHbIMA pspamn ducen. PaccemBateny uarotaenm-
BalOTCA, Kak MpaBuno, U3 fepesa, 6eTOHa M MnacTMaccChbl.
[feiicTBie 06LEMHBIX PE30HATOPOB 3aKIIO4AETCS B TOM, HTO-
Obl BbI3BATb KPAVHE XaoTU4HOE OTPaXeHne 3BYKOBOW SHEp-
VW, NPY KOTOPOM UCKMIOYEHO 3aMETHOE NPOSIBNIEHUE KaKuX
bl TO HY 6bINO OTAEMBHBIX OTPXEHWI . Takoe paccenBanme
CO30aeT Ype3BblYalHO CrnaxeHHyld pesepbepaumio, uTo
no3BonseT MOACTpouTb obliee Bpems pesepbepaunm Tak,
4To6bl OHO COOTBETCTBOBANO OTHOWEHMIO AVQQY3HBIX MO-
BEPXHOCTEN K 3BYKOMOIMOLAMWMM, XOTS AN OTHOCUTENBHO
paBHOMEpHOrO pacnpefencHns peeepbepaunyn B nomelle-
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Puc. 22. fletanbHbii YepTex Bpalyarolyuxcsl naHeneun (Bug c topya) — Yetsipe Bapnadra. lo-

AO6GHbIE MMOBOPOTHbIE YCTPONCTBA MOryT obecrneynTb oTpaxalolue, paccenBaro-
wme (anghgby3Hbie) unu nornoLyarowme CBONCTBA KaK B LUeJIOM, TaK U HYacTUYHO (Mpu
MX YyCTaHOBKE B IPOMEXYTOYHOE IMONIOXKEHUE). IX MOXHO NPUMEHSITb A/ CTEH U
MOTOJIKOB.
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HUM Heo6XOaMMO, YTOBkI U pacnpeneneHne paccenBatownxX
MOBEPXHOCTEN BbINO OTHOCUTENLHO paBHOMEpPHbIM. [ns pac-
CeNBaHWsi MOQONANYT NioBble MOBEPXHOCTM, KPOME, eCcTecT-
BEHHO, NONa, ABEPEN M OKOH.

Kasanocb 6bl, 4T0 BCe npocTo: Hepu u pobasnsii
andey3epbl Jo TeX Mop, noka He Nonyyullb Xenaemoro
BpemeHu peaepbepaLim (MOBOPOTHbIE NaHENM ¢ NORO6HI-
MU pacceuBaTensiM1, U306paXeHHbIe Ha puc. 22, npume-
HSI0TCS B MOMELLEHNSX C NEPEMEHHON aKyCTukol). Ho B
TaKoM Cryyae NoMELLEHNE MOXET NpourpaTh B NnaHe CBo-
el «My3bIKanbHOCTW», NOTOMY YTO emy He Gyner xsatatb
BCE-TaKW [ANCKPETHBIX OTPaXeHWUH, K KOTOPbIM Mbl BCE TakK
npuBbIKM. K cyacTbio, AOBUTLCS UX [OCTATOYHO NErko ¢
MOMOLLbIO OTPaXAIOWMX NaHeNei unu NoBepXHOCTEN Tex
€& NOBOPOTHbIX MaHenei, 306paxeHHbIX Ha puc. 22.

Takum o6pa3om, npu CO3aaHM B NOMELLEHUN onpefe-
NeHHoN peBepbepaum HeobX0aMMO MCMoNb30BaTh B TOM
UM nHoi Mepe 06a MeTofa: U PacCcenBaHme, 1 OTPaXEHHeE.
CnepyeT OTMETUTb, YTO ST METORLI NMPUMEHUMbI TOMBKO K
CpaBHUTEMbHO BONbLMM NOMELLEHUAM. B ManeHbkux, Ha-
nopobue AUKTOPCKOI kabuHbI, OHW He paboTaroT, Tak Kak B
TakuX MOMELeHUAX SBReHNs Onddysut 1 gudpakumm
O4eHb HesHaumnTenbHbl. KeTatn, obcyxnas akyctudeckue
0COBEHHOCTH TaKMX ManeHbKMX MOMELLEHNIA, yMECTHee By-
[eT roBOpUTbL [AXe He 0 BpeMeHn pesepbepauny, a cKo-
pee, 0 BPEMEHW 3aTyXaHus.

[Mopaensiowee BGONbWWHCTBO TOH-3aN0B B CTYANAX
Haleil CTpaHbl CMENO MOXHO OTHECTW K KaTeropuu He-
6onblmx nomeweHnin. OCHoBHas 3afaya npn ux NPOeKTH-
poBaHWUM 00bIYHO 3aKMo4aeTCs B TOM, 4T0ObI CO3AATH B
HWX aKyCTMKY, CMOCOBCTBYIOLLYIO 3BYHAHMIO My3blKanbHbIX
WHCTPYMEHTOB, HO B TO Xe BPEMS He «3asBsiowyo» 0
cebe B BMOE PE30HAHCHBIX BCMNECKOB HA COBCTBEHHBIX
yacToTax nomeleHns. [pyrumn cnosamu, HyxHo [o6u-
BaTbCS, YTOObI MOMeLLeHne BbiN0 O[NHAKOBO HACTPOEHO
Ha BCe HOTbI, @ TaKxe 4ToBbl HOTbI HA YacToTax, coBnapa-
IOWKMX C Pe30HaHCaMM NOMELLEHMS, HE BbIRENANMCh. 31O
noMeLlLeHne SOMXHO obnafaTth Takol 3BYKOBOW NPOCTPaH-
CTBEHHOCTbIO, MPU KOTOPOM Camble PasHble My3blKaHTbl
uyBCTBOBaNM 6bl CE6S KOM(OPTHO: KaK NNYHO, Tak 1 B
MnnaHe 3By4aHns CBOWX MHCTPYMEHTOB. AKyCTU4ECKMe Xa-
PaKTEPUCTUKN TaKOTO MOMELEHUS [OMKHbI MO3BONSATH
3BYKOMHXEHEpaM PacCaxmBaTb My3blKaHTOB M yCTaHaB-
nMBaTb MUKPOGOHBLI NPAKTUYECKM BE3ae, rhe UM 3T0 3a-
Gnaropaccymutcs. MogobHbLIMIN aKyCTUHECKUMU CBOICT-
Bamu 00nafatoT KOMHaTbl C HEATPanbHOI aKyCTUKON (Tak
Ha3blBaeMble HeMTpanbHbIE KOMHATI), 0 KOTOpbIX Bynet
pacckasaHo B crepytowen cTarbe.

3aKniovyenne

Moytn... ©

B pamkax aToif CTaTbl Mbl BCKPbINW AOCTATOMHO MHO-
ro npobnem, KOTOPbIM MOCBSILEHO BENUKOE MHOXECTBO
KHUr. B TO Xe BpemMa Mbl NnonbITanucb caenatb 310 Mpo-
CTbIM 1 NOHSATHBIM 53bIKOM, 63 06UINS CNOXHBIX (hopMmyn
W CheumanbHON TepMUHONOrMM Ans TOro, YToBbI O3HAKO-
MWUTb C 9TUM MaTepuanom Kak MOXHO Gonblue YuTatenei.
W ecnu BnagenbLbl CTYLMiA, B KOTOPbIX CTEHbI OKNIEEHbI yna-
KOBKaMW W3-Mof, KYPUHBIX UL («ONS XOPOLWeii akyCcTuku»
© ), noitmyT GECCMBICTIEHHOCTb CBOEW 3aTeu, 3TO TOXe
MOXHO BOCTPUHUMATb Kak NONOXUTENbHIA PE3ynbTar.
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CeMMHﬂp

Ho kak 6bl Mbl He cTapanuck 060MTH CrieumManbHyto Tep-
MWUHONOTMIO, 3HAKOMMTBLCS C Hell MOCTeNeHHO BCE-Taky npu-
petes. Hanpumep, B atoi cTathe Bbina Takas dpasa: «3ta
30Ha MOXET MPOCTMPATLCA OT MH(PAHNU3KMX HACTOT A0 HUX-
HWX CPEmHNX 4acToT». HEMHOMO HEMPUBLIYHO 3BYYMT «HUX-
HUX CPEOHMX YacToT», He npaspa nu? [eno B TOM, 4TO BECb
3BYKOBOW [iManasoH YCNOBHO pasfeneH Ha HeckonbKo 6onee
Y3KNX QManasoHoB, UMEIOLMX CBOU Ha3BaHms. BoT oHu:

HaumeHoBaHWe ananasoHa YacTOTHbIN AManasoH

VHpasBykoBo#t 0-20Ty
QyeHb HIU3KMX YacToT 15-50 Iy
Huskmx yactor 20-250 'y
HWXHUX cpegHux YacTot 200 -500 'y
CpenHux YacToT 250 -5 kly
BepxHuX cpefHuMx YacTot 2-6«My
BbIcokunx YacToT 5 -20 kly
QOyeHb BbICOKMX YacToT 15-25«kly
YnbTpa3ByKoBoi 20 -0

B 37011 1 nocneayiowmx CTaTbAx Mbl TaKkxe 4acTo byaem
onepupoBaTh TakuM NOHATUEM, KaK feunben.

Yto Takoe meumben M ypoBeHb 3BYKOBOTO [aBEHMS
(SPL)? Haw cnyxoBoli annapart crnocobeH K BOCTPUSTUIO Or-
POMHOI0 AMHAMUYECKOrO AnanasoHa. ViameHeHus B faene-
HUW BO3AYXa, BbI3bIBAEMbIE CAMbIMI TUXUMM U3 BOCTPUHN-
MaeMbIX Ha Cyx 3BYKOB, cocTaensiot nopspka 20 mkla (20
muKponackanen), T.e. 0,00002 MNa. B 1o Xe Bpems 3ByKOBOe
[aBNEHWE C YPOBHEM, NpUOAMXatOWMMCS K nopory 60neBbIX
OlLylWeHKiA Ans Hawmx ywel, coctaenseT nopsaka 20 Ma. B
nTore, COOTHOLIEHWE MEXOY CambiMU TUXMMU U CaMbIMu
FPOMKUMM 3BYKami, KOTOPbIE MOXET BOCMPUHUMATL Hall
CNyX0BOIA annapar,— OfuH K MUNANOHY. Ecnn xe roBopuTb,
Hanpumep, 06 YpOBHE 3BYKOBOrO AABMEHWS PeaKTUBHbIX
[BUrateneii CamoneToB, TO 3TO COOTHOLIEHWE MOYTU OfUH K
munnuapgy! N3mepsTb Takue pasHble Mo YPOBHIO CUrHanb B
NVHEHON WKane [OCTaTo4HO Hey[obHO, a KPOME TOro — He
HarnapHo. C Lienblo cXaris Takoro WWPOKOro AMHAMUYECKO-
ro guanasoHa o ynoboBapumMbIX 4nCEN 6biN0 BBEJEHO MOHS-
e «6en» (bel). Ben — 310 NPOCTON NorapuMm OTHOLEHNUS
ABYX CTeneHei; a neunben paBeH OfHoI fecsToir bena.

s eminartr

YT00bI BbIPA3UTL aKyCTMYECKOe AaBfeHne B feuvbenax,
Heo6XopMMO BO3BECTM [aBNeHWe (B mackansix) B KBagpar w
pa3fenuTb ero Ha KBafpar 3TanoHHoro aasnexus. Ans yno6et-
Ba BO3BE[EHWE B KBAApAT MBYX NABNEHUA BbINOMHSETCS BHe
norapugma (4To sBnsetcs yao6HbIM CBOACTBOM NOrapndmMoB).

[ns npeobpasoBaHus aKyCTUHECKOro AaBNEHUS B fe-
unbens CylecTBYET Takas (opmyna:

neumbensl = 10 X logyg= {p%ps} = 20 X log19= {p/po} ,

re p — MHTEpeCyloLlee Hac akyCT4eckoe faBneHue;

Do — NCXOHOE [1aBNEHME.

Korga B ka4yecTse sTanoHHoro fasnexus Gepetcs 20
MKk[Ta, To 3ByKOBOE faBneHue, BepaxeHHoe B feunbenax,
Ha3bIBaETCS YPOBHEM 3BYKOBOrO Aaenenus (SPL - ot aHrn.
sound pressure level). Takum o6pa3om, 3ByKOBOE faBne-
Hue, paBHoe 3 1a, 9KBMBaNEHTHO YPOBHIO 3BYKOBOIO AaB-
nexus 103,5 nb, cnepoBatensHo:

SPL =20 x log19{3/20 x 10°}= 103,5 5B.

BhlweynomAHyTHI akyCTUHECKUA AMHAMUYECKMiA [uana-
30H MOXHO BbIpa3uTb B AeLvbenax B Buae Ceaytolmx ypos-
Heit 3ByK0BOro Aaenenus: ot 0 Ab — Ans caMbIX TUXMX 3BYKOB,
120 b — ans 3ByKOB Ha ypoBHe 6onesoro nopora, o 180 ob
— N5 CambIX FPOMKMX 3BYKOB.

Heunbenamn MOXHO TaKxe Nonb3oBaTbCA U [s Bbipa-
XEHWS ANEKTPUYECKIX BENMUMH, TAKUX KaK HaNpsKEHUe 1 cu-
na ToKa, W B 3TOM Cny4ae 3TanoHHOe 3Ha4YeHWe 3aBUCUT OT
[aHHOrO KOHKPETHOro cnyyas (1 AOMXHO ObiTb HEMPEMEHHO
yKa3aHo).

[Tpn paccMOTPEHUN BENMYMH, Y KOTOPbIX ECTb €AUHULbI
MOLLUHOCTW,— TaKUX KaK MOLLHOCTb 3BYKa WnK aneKTpuyeckas
MOLLUHOCTb,— HE0053aTeNbHO BO3BOANTL 3TY BENMUMHDI B KBA-
[paT BHYTpM norapugma, a No3TOMy OTHOLUEHUE [BYX MOLL-
HocTedt, W4 1 Iy, BbIpaXeHHOe B feLmbenax, CoCcTaBnser:

10 x log,o {W1/W2 }

Cnepylowas ctatbs Halwero uukna 6yneT nmocBsiweHa
3BYKOM30MALMM 1 aKyCTUHECKON 06paboTke NOMeLLeH Ans
3anucu. M HauHeM Mbl, Ckopee BCEro, ¢ NOMELLEHWIA, UMeto-
LUMX TaK Ha3biBAEMYIO «HEATPabHY0» akyCTUKY.
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