DNEKTPOHHbIN XypHan «TexHnyeckas akycTuka»
http://webcenter.ru/~eeaa/ejta

2 (2002) 9.1-9.6
KYCTUKA

B. N. N'onosaHos, B. H. CnaBaHuHoB, B. K. ®egopos

L[HUU um. axao. A. H. Kpwvinosa
Poccus, 196158, Canxkm-Ilemepbype, Mockoeckoe wiocce, 44, e-mail: eeaa@online.ru

AKYCTM‘-IGCKME XapaKTEPUCTUKHN 60ﬂbL|JepaCXO,D.HOFO
rMywmnTend wyMa ra3oBbiX CprVI
Honyuena 27.06.2002, onyoauxosana 11.07.2002

[IpuBenens! pe3yabTaThl paboOT MO pa3pabdOTKe U IKCIEPHUMEHTAIBHOW MPOBEPKE
aKycTHuecKod 3((eKTHBHOCTH OOJBIIEPACXOAHOIO TIIYIIWTEN LIymMa Ta30BbIX
cTpyd. 'mymmTens mpeaHasHauyeH IUIsl YMEHBLICHHS IIymMa NpH cOpoce CKaThIX
ra3oB B OKpyXarolee npocTpaHcTBo. [IpuHumn paboTsl OCHOBaH Ha GOPMHUPOBAHUU
CTPYKTYpPBl CTPYH C MEHBIICH IIyMHOCTHIO IyTeM pa30MEeHUs IMIUHIAPHYECKON
CTPYU Ha MHOXKECTBO PA3JIMYHBIX MEJIKUX CTPYH, HAIPaBJICHHBIX MEPIEHIUKYISIPHO
K wucxomHou. OmpeneneHa axycTuueckass d(PQGEKTUBHOCTh TIYHIMTENS TPH
pasNMyHBIX BEIMYMHAX pAcXoJ0B M IepenajoB JaBieHUl palOoueil cpensl.
[TokazaHo, 4TO YMUCTO Ta30JUHAMUYECKUM METOJIOM 0€3 MCII0JIb30BaHUS KaKUX-THO0
LIYMONOIVIOIAIOUIMX MaTepUaIOB MOXHO O00€CHeuuTh HEOOXOIUMOE CHU)KEHUE
YPOBHEH LIyMa.

B mnpouecce paboThl MHEBMATUYECKUX M IHEBMOTHAPABIUYECKHX CHCTEM Pa3IMYHOTO
Ha3HAYCHUs, TaKUX, HApUMEp, KaK CHCTEMbl MarucCTPajJbHBIX Ta30MpPOBOJIOB, CHCTEMbI
CKaToOro BO3JyXa MPOMBIIUICHHOTO HAa3HAYEHUS, EPUOAUYECKHA BO3HUKAET HEOOXOAUMOCTh
cOpoca C)XaTroro BO3JyXa M3 pa3IUMYHBIX YYaCTKOB TaKUX CHCTEM B OKpYyKarollee
MIPOCTPAHCTBO 3a 3aJjaHHOe Bpems. Pacxopl BO3/Iyxa Ha TaKUX PEXUMaxX MOTYT JIeKaTh B
npexaenax ot 0,1 kr/c mo 15 kr/c, a nepenaasl nasiaenuit — ot 0,05 MIla no 3 MIla. Ilpu
3TOM JMaMeTphl TPYOOIIPOBOJIOB B CHCTEMaX CXKAaTOrO BO3/yXa OrpaHHYeHbI (KaK MpaBUiio, HE
npeBbaloT 80 MM), TaK YTO CKOPOCTH Fa30BbIX CTPYH MOTYT IOCTUraTh BEJIMYUHBI CKOPOCTH
3BYKa.

[Ipouecc wucTeueHuss ra3oBBIX CTPYH C TakKUMH @apaMeTpaMU COMPOBOKIACTCS
MOBBIICHHBIM IIyMOOOpa3oBaHueM. BenuunHa ypoBHEH IIymMa MOXET OBITh OLIEHEHa
CJIETyIOIIUM 00pa3oM.

B cooTBercTBHM C Teopuel mymooOpa3oBaHUs TYypOyJEHTHBIX CTpyH [1] akycTuyeckas

MOIIHOCTh W, u3ilydaeMas LMWINHAPUYECKOH CTpyel, IPONOpLHOHaIbHA CKOPOCTH CTPYHU B

6—8 crerneHu (B 3aBUCUMOCTH OT BEJIMYUHBI CKOPOCTH), KBapaTy IJIOTHOCTH BO3AyXa B CTpYe
U KBaJ[paTy JuaMeTpa CTPYyH:
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rae W, — usimydaemas CTpyed aKyCTH4ecKas MOLIHOCTh, BT; p. — IUIOTHOCTH BO3ayXa B
cTpye, Kr/M; ¥/ — CKOPOCTB CTPYH BO3AyXa, M; D) — QuameTp CTPYH, M; p, — IUIOTHOCTb
BO3yXa B OKPYKAIOLIEH cpefe, KI/M; V., — CKOpOCTb 3ByKa B OKPY’KaroLeM IIPOCTPAaHCTBE,
Mm/c.

Tak, Hampumep, NpPU HCTEUYEHUU T[a30BOM CTPyHM Ha PEXHUME C IEPENazoM JaBICHUS
2,5 MIla u pacxonom 10 kr/c pacueTHble (B COOTBETCTBUU C (Gopmyiioii (2)) obuire ypoBHU
IIymMa CTPyM COCTaBJIAIOT BennuuHy nopsiaka 140—150 nb. Ilpu aTtom MakcuManbHbIE YPOBHU
ryma CTpyu cooTBeTcTBYIOT unuciam Crpyxans (Sh= fD/V, f — uvacrora, I'n), nexamum B

nuanasone 0,2—0,5, 4To MIpUMEPHO COOTBETCTBYET Mosoce yacTot 2—4 kI .

B cBs3u ¢ 0ueHb BHICOKUMHU YPOBHSIMU IIIyMa BO3JYIIHOM CTPYH MPH TUMOBBIX BEIMYMHAX
nepernaja J1aBjieHus U pacxo/a 3aja4ya yMEHbUIEHHs 3BYKOBOW MOIIHOCTH Ira30BbIX CTPYH IPU
cOpoce CKATBIX Ta30B U3 3aMKHYTHIX 00BEMOB (0€3 U3MEHEHHS PEKUMOB PA0OTHI U CXEMHO-
KOHCTPYKTHUBHOTI'O UCIIOJTHEHUSI CUCTEM) SIBIISIETCS BEChbMa aKTyaJIbHOM.

Anamu3z  ¢opmyn (1) um (2) mokaspiBaeT, 4YTO JOOWTHCS CHWXKCHHS NIYMHOCTH
BBICOKOCKOPOCTHBIX TYPOYJIEHTHBIX CTPYH MOKHO CIEAYIOIIMMHE CIIOCOOaMHU:

— CHHXXEHHEM CKOPOCTH CTPYH;

— yMEHBIIEHUEM IUIOTHOCTH BO3/yXa B CTPYE U €€ IUaMeTpa;

— HW3MEHEHHUEM CTPYKTYpPbI CTPYH TaKUM 00pa3oM, yTOObI IPeoOpa3oBaTh ra30BYIO CTPYIO C
SIPKO BBIPAYKEHHOMN HAMPaBIECHHOCTHIO B «Ta30BOE 00JIAKO».
CHmxeHue CKOpocTH siBisieTcs: HanOosee 3(()EKTUBHBIM CIIOCOOOM YMEHbILIEHUS LIyMa
CTpPYH, BCIIEICTBHUE 3aBUCUMOCTH 3BYKOBOW MOIIIHOCTH OT CKOPOCTHU B 6—8 cTereHu.
Takum o00pa3oM, Uisi CHIDKEHHS IlIlyMa Ta30BBIX CTpyid 0Oe3 YMEHBIICHHUS PacXoJ0B
pabounx cpex HEOOXOAMMO UCIHOJB30BaTh IIYIIUTENH. TpaJullMOHHBIC TIIYIIUTEINH,
NPUHIMI JEHCTBUS KOTOPHIX OCHOBaH Ha »d(QeKxTax MOrJIOMEHUS WU OTPaXEHUS
aKyCTUYECKOM JHEpPruu, B JAaHHOM Cilydae HEempuUeMyIeMbl, MOCKOJIbKY OHH HE H3MEHSIOT
BBIXOJHBIX ITAPAMETPOB CTPYH, ONPEACISAIONIUX €€ IyMOOOpa3oBaHueE.
[Tosromy 115t 3h(PpeKTUBHOrO TIYHICHHUS IIyMa ra30BBIX CTPYH (C y4eTOM MHHHMM3AIUU
pa3MepoB) HEOOXOAMMO TMPUMEHSATh YCTPOMCTBa, MPEOOpasylolIe HCXOIHYI0 CTPyH U
dbopMUpYIOLITUE CTPYKTYPY CTPYH C MEHBIICH NIYMHOCTBIO. [Ipy 3TOM CHMXKEHHE 3BYKOBOM
MOIITHOCTH CTPYH OCHOBAHO Ha CJIEIYIOIIMX MPUHIIUIIAX, BRITEKaomuXx u3 Gopmya (1) u (2):
— CHH)XXCHHE BBIXOAHOW CKOPOCTM U IUIOTHOCTHM BO3JyXa B CTpye IOCPEICTBOM
MHOTOKPaTHOTO  YBEJIMYEHUS CYMMapHON IUJIOIAAM  BBIXOAHBIX  OTBEPCTUH U
CTYIIEHYATOT0 IPOCCETUPOBAHUS;

— 1mpeoOpa3oBaHHWE  HANpaBIEHHOW  UWIMHAPUYECKOW  CTpyH  Ha  MHOXECTBO
pa3HOHANpPABIECHHBIX [0 BCEMY OKPYKAIOLIEMY MPOCTPAHCTBY MEJKUX CTPYH, IPU 3TOM
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Ha BBIXOJIE CTPYKTypa NEPBOHAYAILHOW CTPYH 32 CUET NMEPEMEIINBAHUS MEIKUX CTPYyeK

Ipyr ¢ APYrOM M OKpPYXKAIOIIMM BO3AYyXOM mpeoOpasyercs (aKTHUYEeCKH B «Ta30BOE

00J1aK0», IJIe UHTEHCUBHOCTH TypOYJIEHTHOTO IIyMOOOPa30BaHUS PE3KO CHUKACTCS.

Kpome 3TOro, A0noJHUTEIbHBIN dPQEKT AOCTUTAETCs 32 CYET CMEIIECHUS CIEeKTpa IIyma
CTpyM Ha BBIXOJE IIIYIIUTENAS B OONACTh, JEXKAIIyl0 3a TMpelelaMu CIBIIIMMOCTH
YeJI0BEYECKOIo yxa.

Jns mpoBepku 3(PPEeKTUBHOCTH MOAOOHOTO Moaxoaa ObUT pa3paboTaH, M3TOTOBICH H
UCTIBITAH MAaKETHBIA oOpaszer] TAYyHMHTEeNs C BHYTpEHHMM juamerpoM 80 MM, BHEIIHUM
muamerpoM 230 MM u anuHOM 570 MM, paccuuTaHHBI Ha pacxon 10 kr/c u mepemnan
JaBiieHus (pa3HOCTh JaBJICHUH Nepe]l MIYIIUTENIEM U B OKpy»Karolen cpeze) o 2,5 Mlla.

JlaHHOE YCTpPOWCTBO COCTOMT W3 TpPEX COOCHBIX IWJIMHAPOB, MEPPOPHUPOBAHHBIX, KAK
nokazaHo Ha puc. 1. luamerpsl oTBepcTHil jexar B Auanazone 2—5 mm. s obecnieueHust
HE00XO0IMMOr0 pacxoja CyMMapHasl IIOLAdb OTBEPCTUH B KaXJI0M LIWJIMHIPE 3HAUYUTEIBHO
IpEBBINIAET IUIOUIA/Ib CEYEHMs] BHYTPEHHEro KaHaja IIIYIIWTENs, TaK CyMMapHas IUIOIIaJb
OTBEPCTUH BO BHEIIHEM LWIMHAPE MPEBBINIAET IUIOMIAh CEUYEHHUS BHYTPEHHETrO KaHaia
(znamerpom 80 mm) npumepHo B 10 pa3. 3a cyeT 3TOro NPOUCXOAUT YMEHBIIEHNE BHIXOAHBIX
CKOPOCTH CTPYHU U IUNIOTHOCTHU BO3/yXa B HEH.
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Puc. 1. Cxema TpexcTyneHyaToro MNIymuTes IyMa ra30BbIX CTPYi

Ha BeIXOnE riymmrens BMECTO LMIMHAPHUYECKOW CTPYH C MOLIHBIM HIYMOHU3Iy4YE€HUEM
dopMHpyeTCs MHOXECTBO pa3sHOHANpPABIECHHBIX CTpyl. B mpouecce ux mnepemenmBaHus
IPUMEPHO HA PACCTOSHUU HECKOIBKUX JUAMETPOB BBIXOJHBIX OTBEPCTHH OT BHELIHEH
HOBEPXHOCTHU TIIyIIUTENs (aKTHUECKU NMPOUCXOAUT MpeodpazoBaHue TypOYIEHTHON ra3oBoi
CTPYH B «I'a30BO€ 00JIaKO.

[Ipu oTcyrcTBUM TaymuTens (BMECTO TIIyIIUTeNs Harpyook nuamerpoM 80MM) mpH
nepenane nasineHuit 2,5 Mlla, pacxone Bo3ayxa 10 Kr/c CKOpOCTb CTpYH paBHa CKOPOCTH
3Byka (330 m/c), 3Ha4YeHHsT YpPOBHEH 3BYKOBOH MOIIHOCTH, pAacCYMTaHHBIE HA OCHOBE
dopmynbr (2) cocraBisitor 142 nb, a MakcUMyM HIyMOOOpa30BaHHS HAXOAMUTCS B IOJIOCE
yactoT 2—4 kI'1.

[Ipy npuMeHeHUM TIYHIMUTENS a’pOJAMHAMUYECKUE IIapaMeTpbl CTPYH HW3MEHSIOTCS;
BBIXOJIHAsI CKOPOCTh COCTaBHT BeIMuUMHY mnopsaka 120 m/c. B sTtom ciyuae pacueTsl 1o
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dopmyne (1) marot 11s 00IIET0 YpOBHS 3BYKOBOM MOITHOCTH BennuuHy mopsinka 117 ab, 1. e.
pacyeTHasi BEIMYMHA aKyCTHUECKON A(P(PEKTUBHOCTH TIIyIIUTENS cocTaBisier 25 nb.

OKCcrepuMEHTaJIbHAs MIPOBEpPKA TIIYLIUTENs IPOBOAMIACH HA YCTAaHOBKE, CXeMa KOTOPOM
npejacTaBieHa Ha puc. 2. Ha BXxon riymuTenst mojaBajcsl CXKaTblii BO3JyX IABICHHEM J0
2,5 Mlla. U3mepenus mryma MpOU3BOJWINCH Ha PACCTOSIHUM | M OT BBIXOJIHOTO CEUEHHS
naTpyOKa WU TITYIIUTENs MO YIiioM 45° K OCH CTPYH.

3

Y

Puc. 2. Cxema ycTaHOBKH JI U3MEPEHUI YPOBHEHN BO3IYIIHOTO IIIyMa B MPOIIecCe
UCIBITAHUHN TIYIIUTENs

1 — emrocmo co cocamuvim 8030yXom,; 2 — KIAnau pe2yaupyrowuil, 3 — Manomemp
06pazyosviii P=60 xac/cm’; 4 — T'BII 160 nampy6ok (8 ciyuae umumayuu pabomol
cucmemsl 6e3 enyuumens), 5 — MuKpogor ¢ npedycunrumenem, 6 — usmepumeibHbulil

yeuaumens, 7 — usmMepumenbHulil MaeHUmo@ou, 8§ — ananuzamop cnekmpa
9 — epadghuueckuti pecucmpamop

Ha puc. 3—5 npezacraBieHbl nojaydyeHHble pe3yibrarhl. Ha puc. 3 — ypoBHM BO3AYIITHOTO
IIyMa B OKTaBHBIX MOJIOCAaX YacCTOT JUIsl BO3AYIIHOW CTpyH 0€3 TIyUIUTENs U C TIYIIUTEIeM
npu mnepemane nasiaeHus 2,5 MIla u pacxome 10 kr/c, Ha puc.4 — pacueTHbIE |
HKCIIEPUMEHTAJIbHbIE 3aBUCUMOCTU YPOBHEH IIyma cTpyu oT umcia Ctpyxais, Ha puc. 5 —
3aBHCHMOCThH YPOBHEH IllymMa ra3oBOM CTpyH OT pacxojia MpH UCTEUEHUH depe3 MaTpyooK U
yepes3 IIyIINUTENb.

W3 pucyHkoB BUIHO, YTO aKycTuuyeckas 3¢ (deKTuBHOCTh TiymuTens coctaBuia 20 nb mo
obmeMy ypoBHIO myma u 25-28 n1b B oktaBHBIX mojocax 4dactoT 1-2 x['1p mpu nepenase
napieHud Ha HeM 2,5 MIla. DTu BenWYMHBI JOCTATOYHO XOPOIIO COIJIACYIOTCA C
MpeBapUTENIbHON OLIEHKONW aKyCTHYeCKOM HS(QQPEKTUBHOCTH JTaHHOTO YCTPOMCTBA, 4YTO
MOJTBEPKIAET MPABWJIBHOCTh OLIEHKH M BBIOOpA a’pOJMHAMUYECKUX MapaMEeTpOB CTPYH B
TIIyLIUTeNe AJis MPeIBapUTENIbHOTO paciyeTa ero aKkyctuieckon 3¢ (heKTUBHOCTH.
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Puc. 3. YpoBHU BO3IyIIHOTO IIyMa B OKTaBHBIX I1OJIOCAX YACTOT MPH cOpoce BO3AyXa uepes
naTpyOOK W yepe3 rIylIIuTeNb Py aBjieHnu Bo3ayxa 2,5 MIla
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Puc. 4. PacueTHble ¥ 3KCIEPUMEHTAJIBHBIE 3aBUCUMOCTH YPOBHEH 1Iyma oT unciia CTpyxans
JUTSL BO3JIYIITHBIX CTPYH, UCTEKAIONIUX Yepe3 MaTpyOOK U IIYIIUTENb
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Puc. 5. 3aBucUMOCTb YpOBHEN BO3/YIIHOTO IIIyMa ra30BbIX CTPYH OT pacxojia Py UCTCUCHUHU
gepes naTpyook U 4epe3 TIIyIIUTeIb
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Kpome srToro, u3 puc.3 BHIHO CMELIEHHME YacCTOTHOTO MAaKCUMyMa IIyMOMU3ITYyYEHHS
cTpyH, GOPMUPYEMOH TIIYIIUTENIEM, IO CPABHEHUIO C MIJIMHIPUYECKON CTPYyeH U3 OKTaBHOM
1oJIockl yacToT 2 kI B mosnocy yactot 8 kI'1I.

Pa3zpabGotanHblii rymuTens 00eceunBacT HEOOX0AUMYIO aKyCTHUECKYIO 3(h(peKTUBHOCTD
BO BCEM JMana3oHe pacxooB Bo3ayxa ot 1 kr/c go 10 kr/c (puc. 5).

OTnuuuTenbHON 0COOEHHOCTBIO JAHHOTO YCTPOMCTBA SABISETCSA IOJHOE OTCYTCTBHE B
KOHCTPYKIIUU TIYIIUTENIS KAKUX-TUOO MOPUCTHIX WIM IIyMOIOIJIOHIAIONIMX MAaTepUasoB,
3aMOJIHAIONIMX BHYTPEHHEE IIPOCTPAHCTBO MEXIYy CTyNeHAMHU. lVcnoib30BaHHE TaKHUX
MaTepHaJioB OIPAaHUYMIIO OBl pacxo pabodel cpeasl MpH TeX JKe pa3Mepax rymuress. Becb
3G (dEeKT CHUKECHHSI IIYMHOCTH JOCTUTACTCS 3a CYET ONTUMHU3AIHUHU CTPYKTYPHl HCTCUCHHS
CTpPYH, TO €CTh OCHOBOH 3(h(heKTa ABIAETCS «IUCTAs Ta30JUHAMUKAY.

[TomoOHBIE ycTpoiicTBa MOTYT OBITh HCIOJB30BAHBI B JIFOOBIX ITHEBMATHYECKHX U
THEBMOTHIPABIIMYECKUX CHCTEMax JUIsl CHM)KEHHUS HIYMHOCTH Ta30BBIX CTpPYyH mpu cOpoce
cxaToro Bo3ayxa. BciencTtBue mnpocTOThl M HAACKHOCTH B OIKCIUTyaTalldd TMOJOOHBIX
YCTPOICTB 11€7€cO000pa3HO YCTaHABIMBATH UX HA BCE KOHIIEBHIE TPYOOIPOBOIBI B CHCTEMAX
CO CXKaTbIM BO3YXOM.
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