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SKCNMEPUMEHTAJIbHOE UCCJIEOOBAHUE LLYMA
TYPBYJNEHTHbIX BUXPEBbIX KOJIEL
B 3ArMYLWEHHOWU KAMEPE

MpuBoasATCA nepBble pe3ynbTaTbl MO 3KCNEPUMEHTANbHOW [AMArHOCTUKE a3poaKyCTUHECKUX
CBOWCTB (pyHAAMeEHTanbHOro 06bekTa MexaHUKM XMOKOCTU U ra3a — TypOyneHTHOro BUXPEBOro KosbLa,
KOTOpble OblnK NonyyYeHbl C MOMOLLBbI0 COBPEMEHHbBIX METOAOB MHOrOKaHarnbHbIX aKyCTUYEeCKUX usme-
PEHWI 1 NOCTMNPOLECCUHra.

LLlym B1xpeBOro KonbLia yaaeTcs pasnuyutb Ha (ooHe MOMeX TOMbKO B crieumarnbHbIX akyCTU4ecKn
3arnyleHHbIX kamepax. B paHHon pabote peructpauusi wyma cBobogHO NeTSLEro BMXpeBOro Typoy-
FNIEHTHOro KornbLia NpoBoAMmack B 3arnyLueHHoW kamepe pasmepamu 10x6,7x4,1 M, HeJjaBHO NOCTPOEHHOMN
W BBEJEHHOWN B 3KCMnyaTaumio B nabopatopum MEXaHU3MOB reHepauuy LymMa U MOAanbHOro aHanmsa
[MepmcKkoro HauMoHanbHOro MCCreaoBaTENbCKOrO NOMUMTEXHUYECKOTO yHMBepcuTeTa. B pesynbTtarte npo-
BEOEHHbIX 3KCMEPUMEHTOB YAANOCh BbIOENUTb LUIYM KOMbLA W MOMNYYUTb YCPEAHEHHblE MO aHcamorio
peanusaumin y3KonorocCHble CMeKTPbl 3ByKOBOrO AABMEHUS, YTO FOBOPUT O XOPOLLEM aKyCTUYECKOM Kade-
cTBe pa3paboTaHHOrO M M3rOTOBMEHHOro reHepatopa BMXpen W BBeAeHHOW B akcnnyaTtauuto B MHUMY
aKyCTUYeCKOW 3arnyLueHHON Kamepbl B LiefloM. OTU 9KCNepuUMEeHThI, B CBOKO o4Yepeab, AaloT BO3MOXHOCTb
npoBeeHUst Ha X OCHOBE TOHKMX a3P0aKyCTUYECKMX UCCIef0BaHUNA.

KnioyeBble cnoBa: TypGyrneHTHoe BMXPEBOE KOMbLO, a3poakyCcTuka, 3arfylueHHas kamepa,
MOPLUHEBOW reHepaTop BUXPEW.
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EXPERIMENTAL INVESTIGATION OF TURBULENT VORTEX
RING NOISE IN ANECHOIC CHAMBER

In this paper the recent results concerning experimental diagnosis of aeroacoustic characteris-
tics of a fundamental fluid mechanic object — turbulent vortex ring, are presented. These results were
obtained by means of modern methods of multi-channel acoustic measurement and post-processing.
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Vortex ring noise can be distinguished against the background only in special acoustically an-
echoic chamber. In the present paper noise of freely flying turbulent vortex ring was registered in
anechoic chamber with dimensions 10x6.7x4.1 m® recently constructed in acoustic laboratory of Perm
National Research Polytechnic University. As a result of fulfilled experiments the vortex ring noise was
separated from background and the ensemble-averaged narrowband spectra were obtained. It confirms
good acoustic quality of designed and manufactured vortex generator and the chamber that was
recently put into service in PNRPU. Thus, the fine acoustical experiments can be done on the basis of
developed test facility.

Keywords: turbulent vortex ring, aeroacoustics, anechoic chamber, piston vortex generator.

BBenenue

CymiectByroias npodjiemMa orpaHHueHUs] aBUALIMOHHOTO IIIyMa B COOT-
BETCTBHMHU C MOCTOSHHO yxectouaroummucs Hopmamu MKAO cBsizana mpex-
JIe BCET0 C €ro BPEAHbIM BO3/IEHCTBHEM Ha YeJoBeKa. JTa npobiiema ocoOeH-
HO OCTpO BCTana K KOHIy XX B. B CBSI3U C PE3KUM YBEIMUYEHUEM CaMOJIETHO-
ro Inapka IpU OJHOBPEMEHHOM pOCTE€ MOIIHOCTH CHJIOBBIX YCTaHOBOK.
Pecypc nanbHei1Iero CHIKEHUS IIyMa B pamMKaxX TPaJUIMOHHBIX MOJIXO0B
CBSI3aH C CEPbE3HBIMU TPYJHOCTSIMH B PEaTH3aIMU PA3IUYHBIX CIIOCOOOB €ro
CHIKEHUSI, YTO CTaBUT aKyCTHYECKHE XapaKTEPUCTUKU COBPEMEHHBIX CaMo-
JIETOB B OJIMH PSi/l C BAXKHEUIITMMU KPUTEPUSIMUA UX KOHKYPEHTOCTIOCOOHOCTH.
JanpHeime paboTel B 3TOM HAampaBlIEHUH TPEOYIOT BBIIBUKEHHS HOBBIX
MOJIXO/I0B ¥ UJICH, OCHOBAHHBIX Ha 0oJiee rTyOOKOM MOHUMaHUH (PU3HMUECKUX
MPOLIECCOB, OTBETCTBEHHBIX 3a T'€HEPALIUIO 1ITyMa TYpOYIEHTHBIMHU TOTOKAMH.

B 103BYKOBBIX TypOyJI€HTHBIX CTPYSIX, HPEACTABISIOMUX cO00H OauH
M3 OCHOBHBIX UCTOYHHKOB IIyMa COBPEMEHHBIX aBUAIIMOHHBIX CHUJIOBBIX yC-
TAHOBOK, LITyM I'€HEpUpYETCs TypOyIeHTHBIMU BUXpSAMHU. OCHOBHOU Tpy.-
HOCTBIO M3YUYEHHs IIyMa CTPYH SBISETCS TO, YTO B TYpOYJIEHTHBIX CTpPYsX
NPUCYTCTBYIOT BUXPH PA3IMUHBIX MacIITaOOB, B3aUMOJCHCTBYIOIIUE APYT
C JAPYroM, YTO MPUBOAUT K «CMa3bIBAaHUIO» KaPTHHBI U3IyUYEHUS, IOITOMY
Ype3BbIYAIIHO BaKHOW MPECTaBIISIETCS BO3MOXKHOCTh HccliefoBaHus (yH-
JTAMEHTAJIbHBIX BOIPOCOB M3JIyY€HHs 3ByKa TypOYyJEHTHBIMU MOTOKAaMH Ha
IIpUMEpE U30JIMPOBAHHOTO BUXPAI.

TakuM areMeHTapHBIM BUXPEM SIBJISIETCS] BUXPEBOE KOJbI0. Buxpesoe
KOJIBIIO — 3TO XOPOILO M3BECTHBIN [1-7] U B ONpEeneseHHOM CMBICIE YHH-
KaJbHbII OOBEKT, TaK Kak: a) JOMYCKAeT TEOPETHUECKOE HCCIe0BaHHE B
paMKax OCHOBHBIX YpaBHEHMM MEXaHMKHM CIUIOIIHOM cpeabl [4-8];
0) JIerKo MOXET OBITh CO3/1aHO Ha OMBITE YIS SKCIIEPUMEHTAJIBLHOTO UCCIIEe-
noBaHus [6, 9—15]; B) He OIBEPIKEHO BIUSHHUIO BHEITHUX TPAHMUII, YTO TIO-
3BOJISIET UCCIIEZIOBATH C €T0 TIOMOIIbI0 MHOTHE TIPOOJIEMbI JMHAMUKH U aKy-
CTUKH BUXpEH B YUCTOM BHJIE.
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O0BeKT uccjaeI0BaHuA

BuxpeBoe KOJbIIO MpeAcTaBisieT co00il BUXPEBOM TOP, BMECTE C KO-
TOPBIM TEePEMEIACTCs IUTHIICOUAANBHBIN 00beM JKHIIKOCTH, HAa3bIBAEMBIiA
atMocdepoii konbia. [logpoOHOE omHcaHne CTaMOHAPHON MOJIETH BUXpE-
BBIX KOJIEI[ MOYKHO HAWTH, HAIpUMED, B UccienoBanusx [2, 3]. Peusb B aTHX
paboTax HIET MpeXkJe BCEro O CaMONEPEHOCE BUXPEBON HUTH, CBEPHYTOM
B KOJIb110. OrpaHMYE€HHOCTh TAKOT'O0 PAaCCMOTPEHUSI CTAHOBUTCA OYEBUIHOM
yKe U3 TOro (pakrta, YTO pealbHOE KOJBIIO MPH CBOEM JBWKEHUU 3aMETHO
pacuupsiercsi. Yuer Bsi3kocTH [16, 17] MO3BOMMI HECKOJIBKO COJM3UTH
MMEIOIIHECS PACXOXKICHUSI MEXIY TEOPETHUECKOW MOJEIbI0 U pealbHbIM
sBineHueM. Bmecte ¢ Tem k Havanmy 1970-x IT. cTano COBEpPIIEHHO SICHO, YTO
ujeanbHasi MOJIENb JTaKe MPU YUETe BI3KOCTH HE YUYUTHIBACT MPUHITUTTHATD-
HbIE MOMEHTBHI B DBOJIIOIIMM BUXPEBOTO KOJbIA. MHOTOYHUCIEHHBIE JKCIIe-
PUMEHTAJIbHbIE MCCIIEIOBAHUS MOKA3aH, YTO CYIIECTBYIOT /IBa KAYECTBEH-
HO pa3jMYHBIX PEKMMa TEUCHUS — JTAMUHAPHBIA U TypOyJeHTHbIN [9-12,
18, 19]. Kputnueckoe uucno PeitHonbaca Reyp, mocTpoeHHOE 110 Ha4albHO-
My PaguyCy M CKOPOCTHM BHXPEBOrO KOJIbIIA, COCTABISET OKOJIO 10°. IIpu
ManbiX unciax Re oOpasyercss BUXpb C XapaKTEpHON U YETKO MPOCMATPH-
BaeMOI cnMpanbHON cTpykTypoil [6, 20]. IIpu uncnax Re, mpessimarommx
Rej, xapakTep TeueHUs NPUHUUIUAIBLHO MEHSETCS: TEUEHHE CTAHOBHUTCS
TypOyneHTHbIM. [Ipu 3TOM TedeHue pasziensieTcss Ha JBe 00JacTH — JIaMU-
HapHOE SIpO, T/I€ COCPEeNOTOYeHA 3aBUXPEHHOCTh, U 00JacTh aTMochepsl,
I/Ie YaCTUIIbI KUJKOCTH COBEPIIAIOT Xa0THYECKOe ABMKEeHHEe. YTo ocoOeH-
HO Ba)XHO M MHTEPECHO, TPAHMIIA MEXTy TypOYJICHTHON U JIAMUHAPHON 00-
JACTSIMUA OCTAETCsl PE3KOM, HECMOTPS Ha TO, YTO KOJIBIIO YCIIEBAET MPONTH
Oombiue paccrostHus [13, 21]. OGHapyKEeHHBIE B SKCIEPUMEHTE 0COOESHHO-
CTH TypOYyJIEHTHOTO PEKMMa TEUEHUS MO3BOJIWIM CHOPMYIUPOBATH MOIY-
AMIIMPUYECKYIO0 aBTOMOJEIbHYIO Teoputo [5, 15, 18], onuceiBaroniyro 3Bo-
JIOLMIO CPEAHUX TMapaMeTpoB (paguyca, CKOPOCTH, 3aBUXPEHHOCTU H T.J.)
B MPEANOJIOKEHUH, YTO pacIpeieseHHe 3aBUXPEHHOCTH B sAape OJIU3KO
K KOHCTaHTe (TBEpIOTENIbHOE BpalleHue B sape). [IpoBeneHHbie n3mepenus
MOCTYTNATEIbHON CKOPOCTH M T€OMETPUYECKUX MapaMeTpOB KOJbIa IMOJ-
TBEPJUIN aBTOMOJCIIbHBIA XapakTep pa3BUTHSI BUXpsA. BMmecte ¢ TeM mpsi-
MBIX HaJEXKHBIX U3MEPEHUN 3aBUXPEHHOCTH B SIAPE BUXPS MPAKTUUYECKU HE
poBoI0Cch. OTMEeTHM paboThI [14, 22], maHHBIE KOTOPBIX HOCAT IpE/IBa-
PUTENBHBIN XapakTep, U IEepBble U3MEPEHMs, OCHOBAaHHbIE Ha TexHMKe PIV
[23, 24], oTHOCAIIMECS K HE OYEHB BHICOKOCKOPOCTHBIM KOJIBIAM.
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O0630p MO YUCIEHHOMY MOJETUPOBAHUIO BUXPEBOrO KOJbIa MpPUBE-
JIeH B pabotax [25,26]. boabmuHCTBO pabOT, KacarolIUXcsl YHUCICHHOTO
MOJICTTUPOBAHUS HECTAIMOHAPHBIX MPOIIECCOB, MPOTEKAIIUX B BUXPEBOM
KOJIBIIC, CBSI3aHO C 0OJIee WIM MEHEE TOYHBIM MOJICITUPOBAHUEM Pa3TMUHbIX
TUIIOB HEYCTOWYMBOCTU O0E30THOCUTEIBHO K M3Iy4aeMOMY KOJIBIIOM 3BYKO-
BoMy monro [27, 28], Tak KaKk MOACIHUPYETCS TJIABHBIM O0Opa3oM KpPYITHO-
MaciTabHas IUHAMUKa Kojblla. B paboTax Apyroro tuma pemaroTrcs 3aa-
g 00 00pa3oBaHWU KOJIblIa WM B3aUMOJCHCTBUU €ro ¢ mperpagamu [29],
T.€. OIATH XK€ MOJEIUPYETCsS HECTAIMOHAPHOCTh MakpomnapameTpoB. [loi-
HOE MOJICJINPOBAHUE COOCTBEHHBIX KOJICOAHUI BUXPEBOTO KOJIbLIA HAXOIUT-
Csl Ha MpejeNie MOIHOCTA COBPEMEHHBIX CynepKkoMmmbioTepoB [30] u mpen-
CTaBJISIET CEPbE3HYIO BRIUMCIUTENIBHYIO 3a7a4y, KOTOpas I0JDKHA PEIIaThCs
MyTeM TOCJICIOBATEILHOTO PACCMOTPEHUS HMEPAPXUYECKH BBICTPOCHHBIX
MOJIETIbHBIX 3aJau.

OTMeTHM TaKXke, 4TO C TOYKHU 3PEHUSI adpPOaKyCTUKU HHTEpEC Mpel-
CTaBJISIFOT TPEXKJIC BCEro TypOyJEHTHBIC BHXpPEBBIE Koybla [5, 6, 9—18]
¢ Gombrmm uncioM Peitonmsaca (~10°-10°), MOCKONBbKY MMEHHO s HHX
MO>KHO HAJIEsIThCS yCIBIIIAThH 3BYK B JIAOOPATOPHOM IKCHEPUMEHTE. DKCIIe-
PUMEHTHI, TPOBEJICHHBIE aBTOpaMHu B 3ariyineHHoi kamepe LJAT'U, nokasza-
JIM, YTO aKyCTHUECKOE M3TyUYE€HHE BUXPEBOIO KOJIbIIA COCPEAOTOYECHO B JOC-
TATOYHO Y3KOM MOJ0CE YaCTOT ¢ MAaKCUMYyMOM BOJIM3H YaCTOTHI, 3aBUCSIIEH
OT CpeHUX MapaMeTPOB BUXPEBOTO KOJIbLIA, €r0 Pa3MEpPOB U LIUPKYJIALINU,
KpOME ATOT0 PE3yNbTaThl STUX HKCIIEPHUMEHTOB yKa3bIBAIOT Ha TO, YTO, He-
CMOTpPSI Ha UMEIOIIEEeCs] BO BCe aTMocdepe Koyblia TypOyJIESHTHOS JABIKE-
HUE YaCTHI] )KUJKOCTH ¢ OOJILITUMH aMILTUTYJaMH ¥ B IIUPOKOM JIHAITa30He
94acTOT, 3BYKOBOE IOJIE OMPEeAeTCs MaJbIMU KOJCOaHUSIMU SiApa BUXPS,
KOTOPBIE OKA3bIBAIOTCS MPUYMHON HE TOJIBKO TYPOYIEHTHOCTH BHUXPEBOTO
KOJIbLIA, HO U 3BYKOBOTO u3nyuenus [31-34].

I'enepaTop BHXpeBbIX KoJIel]

[Ipu SKCHEpUMEHTAIBHOM HCCIICAOBAHHM IIIyMa BHXPEBOIO KOJbIIA
BaXHEUIIIMM TPEOOBAaHUEM SIBJISICTCS BBIJICIICHHE COOCTBCHHO IITyMa BUXpE-
BOT'0 KOJIbIIa HA ()OHE IIyMa MOMEX, TAKUX KaK CTPYKTYPHBIH IITyM yCTaHOB-
KM Te€Hepaluu BUXPEH, OTPaKEHUE 3BYKa OT TBEPABIX MOBEPXHOCTEN U T.1.
JIJis 3TOr0 BUXPEBOE KOJIBIO JOKHO OBITH JOCTATOYHO HHTECHCHBHBIM,
4TOOBI M3Jy4aeMbli UM 3BYK MOXKHO OBLIO pa3iuvuTh Ha (DOHE MOMEX,
a crocob ero co3IaHus T0JDKEH OBITh, HA00OPOT, Oosiee TUXUM. ITO TOCTH-
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raercsi UCIOJIb30BAHUEM CIIEHIMAIBHBIX MOPIITHEBBIX TeHepatopos [31, 32].
st atoro B ITHUITY Obut cipoeKkTUPOBaH M CO3/1aH MOPIITHEBOW T€HEPATOP
BUXpEBbIX Kojel [35], mpeacraBnenHslii Ha puc. 1. JlaHHBIM reHepatop
npecTaBisieT cOO0H MONBIN CTaThbHOW TOTUPOBAHHBIA IWIIMHIP | TUaMeT-
pom 0,16 M, K KOTOPOMY KPEMHUTCS KOHUYECKOE COIUIO 3 C JUAMETPOM BBI-
xoxaHoro orBepctus 0,04 M. BHyTpy nunnHapa cBOOOIHO ABUKETCS JETKHMA
¢dTopormnacToBbeii iopiiens 2. [lepesn 3amyckoM BUXpPs TMOPIICHb BBIIBUTA-
eTcs Ha GpukcupoBanHoe paccrosaue 0,06 M.

a 9]

Puc. 1. 'enepaTop BUXpeBBIX KoJel: a — cxema; 6 — 3D-monens; / — KopIyc; 2 — MOpIIEHb;
3 — comnno; 4 —MoOIOT; 5 — MTOK; 6 —3aMOK-JIOBYIIIKA INTOKA; 7 — KOHTEHHEP ¢ 3BYKOIIO-
TJIONIAIONIUM MaTepuanoM; 8§ — CTeHa

BuxpeBoe KOJIbLIO CO3/1aBajiOCh MyTeM HMITYJIbCHOTO BBITAIKHUBAHUS
MOPIIHEM MOPIHMH raza uyepe3 corio. Jlamee mpoucxoausn OTpeIB oOpa3o-
BAaBILICHCS] BUXPEBOM CTPYKTYpPHI U €€ NEPEMEIICHUE B MPOCTPAHCTBE BIOIb
OCH, COBIAJAIOIIEH C OChbIO mopuiHsd. llopmeHs nmpuBOAWICA B BU)KCHHE
yAapoOM TSDKEIIOTO MOJoTa 4 Mo mTOKYy mopiiHs 5. st Toro 4To0b1 n3de-
)KaTh OOpPaTHOTO JBYDKEHUS MOPIIHS, T€HEPAaTOp BUXpEH ObLT 000pyI0BaH
CHEIMABHBIM 3aMKOM-JIOBYIIKON 6, (PMKCHUPYIOIIUM IITOK MPU JOCTHXKE-
HUU TIOPIITHEM KPAaWHETO TOJI0KECHHSI.

Jns cHuKeHue IIyMma 3amycka JBUKEHHMS W OCTAHOBKHU MOPILIHS HC-
MOJIb30BAINCH Pa3lIMYHbIE CHOCOOBI. B mepByro oyepenp CTOUT OTMETUTh
TO, YTO TEHEepPaTOp BUXPEBBIX KOJEIl pacrojarajics B (GaHEPHOM KOXKyXe 7,
BMOHTHUPOBAHHOM B CTCHY 8, IIpU 3TOM CUCTEMA 3allyCKa ABMKCHHA U OCTa-
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HOBKH TTOPIIHS HAXOJWUTCS B OJJHOM TOMEIIEHHH, a 00pa3yromieecs: BUXpe-
BOC KOJIBIIO — B Apyrom. s CHmKeHHs BUOpamuid W IIymMa YCTaHOBKH
reHepaTop Kpenuics B (haHEPHOM KOKyXe Ha YeThIpe BUOPOOIIOPHI, OCTaB-
meecsi cBOOOTHOE MPOCTPAHCTBO 3aIOJHSUIOCH CIIEUAIBHBIM 3BYKOIOTIIO-
maronmM Matepuainom tumna «M3osep». Ha puc. 2 npencraBnena ¢otorpa-
¢bus reHepaTopa BHXPEBBIX KoJiell BO BpeMsi cOopku. CHapyXH CTEHKH
KOXKyXa OOJIMIIOBBIBAJIUCh AHAIOTUYHBIM MaTepuajgoM Tumna «CayHTeK».
Takke CTOUT OTMETHTh, 4YTO BCE MECTa COYyIapeHHil (MOJIOT/IITOK,
IITOK/JIOBYIITKA IMTOKA M T.J.) OCHAIMAINCH PE3WHOBBIMH BTYJIKAMHU WA
MIPOKJIaIKaMHU.

Puc. 2. COopka reHepaTopa BUXPEBBIX KOJIEIl: / — BUOPOONOPHI; 2 — OB
HUITHHIP; 3 — 3BYKOMOTIIONMIAONINN MaTepHrai; 4 — (haHepHBIH KOXKYX

[Iym BUXpEBBIX KOJEI, KOTOPhIE MOTYT OBITH CO3/IaHBI B JJabopaTop-
HBIX HCCIICIOBAHMSX, OTIMYACTCS MAaJIOW HHTEHCHBHOCTBHIO HW3ITYUYCHHS.
B cBsi3u ¢ 3THM ero u3ydeHue TpeOyeT THIATENFHOTO MPOBEICHHS (Hu3Hde-
CKOro 3KcrnepuMeHTa. s Toro uToObl clenaTh BUXPEBBIE KOJbIA 00BEK-
TOM 3KCIIEPUMEHTAILHON a3pOaKyCTHKH, HEOOXOAMMO MONBITAThCSA CHavajIa
UX TPOCTO YCIBIIaTh. TakuM 00pa3oM, OCHOBHAS LEJIb HACTOSIICH paOboOTHI
COCTOSUIa B PETUCTPALIMH BOOOIIIE KaKOT0-JIM00 ITyMa OT BUXPEBOTO KOJIbIIA,
BBISICHEHHS] CaMOil BO3MOXKHOCTH €T0 JIOCTOBEPHOTO OIpe/ieieHust Ha (oHe
momex [31].

[Iym BHXpEBOTO KOJbIA yIAETCS PA3IMIUTh TOJIBKO B CIEIHATIBHBIX
aKyCTHYEeCKHX Kamepax. B maHHO# pabore perucrpamusi mryma cBoOOTHO
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JETALIEr0 BUXPEBOIO TYpOYJIEHTHOI'O KOJIbLIA IPOBOIMIIACH B 3arIyIlIEHHON
Kamepe J1abopaTopur MEXaHU3MOB I'€HEpALUH IyMa U MOJAJIBHOIO aHAJIH-
3a (JIMI'TLuMA) ITHUITY pa3zmepamu 10x6,7x4,1 m (puc. 3). Akyctuue-
CKHC U3MCPCHUA B OAJIBHCM I10JIC MPOBOJUIKUCH C IMMOMOIIBIO TPEX MHKPO-
¢onoB Bruel & Kjaer (Ne 1-3), pacnonoxennsix Ha paccrosHuu 0,8 M ot
OCH JIBMDKEHHSI BUXPEBOIO Kosbla. J[s 3amycka M3MepHUTeNbHON CHCTEMBI
ucnoab30Bajcs Tpurrepusiii Mmukpodon Bruel & Kjaer (4), pacmonoxen-
HBI B IUIOCKOCTH COILJIa T€HEpaTopa W BHIPAOATHIBAIOIINI CHTHAJ Ui 3a-
IIyCKa CUCTEMBI PETMCTPALMU IIyMa B MOMEHT BBIXOJa KOJIbIa U3 COIUIA re-
HepaTopa. Cxema CUCTEeMBbl PerucTpaliy aKyCTUYECKHUX MapaMeTpoB Mpea-
CTaBJIeHa Ha puc. 4.

Puc. 3. ®dororpadus cucTeMbl perucTpanuy napameTpoB: / — COIUIo
reHepaTopa BUXPEBBIX KoJell; 2 — TPUITepHBI MUKpPO(hOH (A);
3 — muxpodons B nanpHeM mone (Ne 1-3); 4 — 5kpaH ¢ MIeTKOBUHKAMHI

Jlna peructpaniyi OTKJIOHEHUS! TPAEKTOPUHU I0JIETa BUXPSL OT OCH Ie-
HepaTopa KCIO0JIb30BAJICS MPSAMOYTOJBHBIM 3KpaH pa3MepoM 2x1 M U3 TOH-
KO IPOBOJIOKM C HAKJIEEHHBIMU LIEJIKOBUHKaMHM, YCTaHOBJICHHBIN Ha pac-
CTOSIHUM 5 M OT cpe3a coIlUla Tak, 4TOObl LIEHTP 3KpaHa HAaXOIWJICS Ha OCH
re”Heparopa. IIpu nposere BUXpeBOro Koiblia 4epe3 IKpaH IEIKOBUHKU OT-
KJIOHSUIUCD, JIeJ1asi BUMMBIM IIOJIOKEHUE KOJIbIIA, YTO MO3BOJIUIO OTOOpaTh
JUI JTQJIbHEHILEro UCCIIEAOBAaHUs TOJBKO NMPABWIBHO JIETSIIUE BUXPEBBIE
KOJIbLIa, MTOMAJal0IIKe B LIEHTP YKpaHa.
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DKxpaH
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Puc. 4. Cxema cucremsnl perucTpanvu aKkyCTUICCKUX NapaMETpPOB BUXPEBOI'O KOJIbLA

JHanpHelast 00paboTKa 3aMCaHHBIX Ha KECTKUN JUCK KOMIIbIOTEpa
BPEMEHHBIX pean3alliil IIyMa BUXPEBOrO KOJbla MPOBOAMIACE C IOMO-
b0 JIMIEH3MOHHBIX IporpamMm noctoponeccunra Gupmel Bruel & Kjair:
PULSE LabShop, PULSE Time Edit u PULSE Reflex. Ha nepBom 3tamne
00pabOTKH PEeIaKTUPOBAIIN «CHIPhIC» BPEMEHHBIC CUTHAIIBI C IICJIBbI0 0TOOpa
aHCcaMOJIs peaTn3aliiii «IIPaBUIbHBIX» BHXPEBBIX KOJIEII, T.C. BUXPEH, Y KO-
TOPBIX OTKJIOHEHHE MapaMeTpPOB TPACKTOPUU OT CPEJAHUX 3HAYEHUH ObLIO
Obl MUHUMaJbHBIM. B Hacrosimem skcrepuMeHTe ObUl 0TOOpaH aHcaMOIIb
u3 30 peanuzanuii. KpoMe peanuzanuii «¢ KOJIBIIOM» OBUTH TAK)Ke 3alTUCaHbI
aKyCTHUYECKHWE CUTHAJIBI «0e3 Kojblla», KOTJa cpaly Iocjie oOpa3oBaHUs
BUXph MOMAJaJl B aKyCTHYECKH IpO3pauHblii 3KpaH W paspymaics. Ilpu
3TOM 3aNUChIBAJICS (POHOBBIA CTPYKTYpPHBIH IIYM YCTaHOBKH, CBSI3aHHBIN
C YAapHBIM 3allyCKOM T€HepaTopa, HO MPH OTCYTCTBHU IIyMa BHXPEBOTO
KOJIBLIA.

Ha puc. 5 npuBeneHsl TUIIMUHBIE BPEMEHHBIE CUTHAJIbI, 3aIIMCAHHBIE
mukpoponamu 4 u 1-3 (cm. puc. 4). JIns Bcex CHUTHAJIOB XapaKTEpHBIM
SBIISICTCS HAJMYUE KA Pa3peKEHUs], CBI3aHHOTO C OJIMKHUM TICEBI03BY-
KOBBIM II0JIEM JABJICHUS IPU NPOXOXKAECHUM BUXPsS BOIU3UM MHUKpOQOHA
U 3aTyXaloUMMH HHU3KOYAaCTOTHBIMU KOJE€OaHMSAMH, OOYCIOBICHHBIMU
CTPYKTYPHBIM IIYMOM T'€HEpaTopa, BO3HUKAIOUIMM IPHU yJApPHOM 3aIlyCcKe
BUXPEBOTO KOJIbI[A. DTOT IIyM MHOTOKPATHO MPEBBIMIAET MOJIE3HBIN CUTHAI
(1rym KoJjblia) Ha Ha4aJIbHOM ydacTke BpeMeHHo peanuzanuu (0-200 mc),
IIO3TOMY IIyM KOJIBLIA YA€TCs BBIACIUTh TOJIBKO TOIZA, KOTJa CTPYKTYp-
HBIN ym pgoctato4Ho 3aTtyx (200-500 mc). Hauanom orcuera BpemeHH AJis
KaX/I0M peann3aly CIyXUT MOMEHT PErHCTpallid TMHKa pa3peXeHHus Ha
TPUTTEPHOM MHKpPOQOHE A.
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Puc. 5. Bpemennsie peanu3anuu 3BykoBoro naeieHus ([1a) ams tpurrepHoro Mukpodona 4
1 MUKpo(oHOB manmpHero mois Ne 1-3

CriekTpanbHble XapaKTEPUCTUKU BBIYUCISIOTCS 3aTeM JAJsl BCEX Bpe-
MEHHBIX peaM3aIHid, BXOJSMIINX B YCPETHSIEMBIA aHCAMOIb «C KOJBIIOM»
¥ aHcaMO1b (POHOBOTO ITyMa, JIJIsi OJTHOTO M TOTO K€ BPEMEHU 3aJCPKKHU T
OT TPUTTEPHOTO CUTHAJIA. TaKuM CIocOOOM MOKHO MOJTYYUTh CIICKTPHI IIIY-
Ma, U3Ty4aeMoro TypOyJIEHTHBIM BUXPEBBIM KOJBIIOM Ha Pa3TUYHBIX yd4a-
CTKax ero TPacKTOPWH, YTO TPEICTABIIICTCS BaXKHBIM, TaK KaK CpEIHUE U
HYJH)C&HI/IOHHI)IG FI/I[[pOIII/IHaMI/I‘-IGCKI/IC HapaMeTpI)I BI/IXpH (CKOpOCTI), 3aBUX-
PEHHOCTH B SIAPE | T.J.) TAKKE H3MEHSIOTCS BJIOJIb TPACKTOPHH.

Ha puc. 6 npencraBiensl ycpeqHeHHbIE CIEKTpHI myma. U3 puc. 6, a
BUHO, YTO JaK€ HAa HAYAJIbHOM y‘-IaCTKe TpaeKTopI/II/I BI/IXpH ynaeTcsI BBIC-
JHUTH IIYM BHXPEBOTO KOJbIAa Ha (OHE CTPYKTYPHOTO HIyMa YCTaHOBKH.
Puc. 6, 6 neMoHCTpHUpYET CMEIIeHUE MTHKAa aKyCTHYECKOTO JaBJICHUS B 00-
JaCTh HU3KUX YaCTOT MPH PA3BUTUH JBUKEHHS BUXPEBOTO KOJbIIA, YTO pa-
Hee Takke HaOmonanock B uccrnenoBanusx [31]. Ilomyuennsie pe3ynbTaThl
TOBOPSAT O XOPOIIIEM aKyCTHYECKOM KadeCTBE CO3/IaHHOTO I'eHepaTopa BUX-
peit u BBeneHHou B akcityatauuio B JIMI'TIIMMA ITHUITY akyctuueckoit
3ariaylnieHHONW KaMephl B LEIOM.
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Puc. 6. YcpeanenHsle 1o aHcaMOJII0 peann3aIiiil CIEKTPHI IITyMa «C KOJIBIIOM»
(cunsis kpuBasi) 1 poHOBOrO LIyMa (3eJIeHast KpUBasi): a — BpeMs
3amepxku T = 150 mc; 6 — T = 280 Mc

Hcnons30BaHre COBPEMEHHBIX METOJIOB 00paOOTKH CHUTHAJIOB TIO3BO-
JISI€T MPOCJICAUTh TAKXKE 3a DBOJIONUEH YCPETHEHHBIX CIIEKTPOB IITyMa BHX-
pPEBOro KoJiblla PU €ro JABMXKEHHH IO TpaeKkTopuu (puc. 7). Spko BbIpa-
JKEHHBIN Y3KOIOJIOCHBIM MUK Ha pHUC. 7 B HAYaJbHBIH MOMEHT BPEMEHHU
T =120 Mc (MHzAEKCc 1 Ha OCH amIIMKaT) COOTBETCTBYET C(OPMHPOBABIIIE-
MyCsl BUXPEBOMY KOJIbILY, @ PE3KO€ 3aTyXaHHUE IIyMa MpY 3HAYCHUU HHJICK-
ca >15 (och ammuMKaT) COOTBETCTBYET pa3pyLICHUIO KPYIMHOMAacIITaOHON
CTPYKTYpPbI BUXPEBOT'O KOJIbI[a MOCIE MPOXOKIACHHSI PKpaHa C HISTKOBUHKA-
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Mu. JIaHHBII TpUMep MOKa3bIBAET, YTO COBPEMEHHBIE METO/Ibl aHAJIN3A aKy-
CTHUYECKHMX JaHHBIX MO3BOJISIOT MOJydYaTh KOJIWYECTBEHHYIO MHGOpPMAIUIO
HE TOJIKO O KBa3WUCTAIIMOHAPHBIX MPOIECCaX, HO U O OBICTPOMPOTEKAIINX
MpoIIeCcCax, XapaKTEPHBIX JJIs1 JUHAMUKH BUXPEBOTO JIBHIKCHMUS.

Signal 4 (Magnitude)

Cursor values
X:1.312k Hz
Y: 819.413u Pa
Z:2.000
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Puc. 7. BpemeHHnas 3Boonus ycpeqHeHHOTO 1o aHcaMOurto u3 30 peamu3armii
CIEKTpa IIyMa BUXPEBOT0 KOJIbIIa OT MOMEHTa BpeMeHu T = 120 Mc 10 pacnana
KOJIbIIA TIOCIIE y1apa 00 3KpaH C NIEITKOBUHKAMH

3akaro4yeHue

Takum o0pa3om, pe3ynbTaThl MPOBEJICHHBIX aKyCTHYECKHX H3Mepe-
HUU MOKa3ajy, YTO CO3JaHHas 3KCIEPUMEHTAIbHAs YCTAaHOBKA, BKIIFOYAO-
mas OOJIBIIYIO 3ariIylICHHYI0O KaMepy U IpelyCTaHOBJIEHHBIN TI'eHepaTop
TypOYJIEHTHBIX BUXPEBBIX KOJIELl, IO3BOJISIET 3y4aTh TOHKUE aKyCTUYECKHE
3 eKTH, CBA3aHHBIE C TEHEepaIMel ITyMa a’3poINHAMHYECKOTO MPOUCXOXK-
JICHUS.

B coBOKyNHOCTH C [I€TaJIbHBIM MCCIEA0BAHUEM ITyJIbCALUl BUXPEBO-
IO KOJIbLIa C IIOMOIIBK0 COBPEMEHHOIO MHCTPYMEHTApHsl (BBICOKOCKOPOCT-
Has CbEMKa, BBICOKOCKOPOCTHAs CHUCTEMa M3MEPEHHUS HECTAlMOHApHOIO
nosist ckopocti TR PIV) MHOrokanampHblE aKyCTHYECKHME HW3MEPEHHS,
BKJIIOYAIOIME B ceOst 1 MeToA (pa30BOM JOKaIM3aLMU UCTOYHMKA IIymMa —
O6MM(OPMUHT, JOKHBI MPUBECTU K OINpPENENEeHUI0 (PU3MYECKOr0 MEXaHU3-
Ma U3JIy4YEHHs U BO3MOXXHOCTH COIIOCTaBUTH JKCIEPUMEHTAJIBHBIC IaH-
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HBbIE C pa3BUBAacMON TeOpHel HU3TydYeHHUs 3BYyKa BHXPEBBIM KOJIBLIOM Ha
BCEX JTamax ero pa3Butus (GopMupoBaHHE, aBTOMOJEIHHOE IBHUKECHHE,

pacman).

Paboma evinonnena npu ¢urancosoti noodepocke epauma Ilpasu-
menvcmea P® no 0ozoeopy Ne 14.250.31.0032.
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