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BBEAEHHWE

B npukiagHbIX 3amadyax ruipo- U adpoaKyCTUKU
YacTO BO3HUKAET IpoOJieMa pas3fesieHUsI 3BYKOBBIX
(aKyCTUUYECKMX) M TICEBAO3BYKOBBIX (THAPOTMHAMM-
YeCKUX) IyJIbCallii JaBIeHMSsI, 4aCTO OTHOBPEMEHHO
MPUCYTCTBYIOIIMX B TYypOYJIEHTHBIX TedeHusx [1—5].
Ilon axkycTmyecKMMHU NyJbCALUMSIMUA TOHUMAIOTCS
JIMHEiHble BO3MYLIEHUS, PACIpPOCTpaHsIONIMECsS B
cpelie CoO CKOPOCThIO 3BYKa, IO, IICEBIO3BYKOBBIMU —
JIMHEHbBIE WX HEJIUHEWHbIE BO3MYILIEHUSI, PACIIPO-
CTPaHSIOIIMECS CO CKOPOCTBbIO IOpPsIAKAa CKOPOCTU
OCHOBHOTO IIOTOKA, KOTOpasl IJIsI JO3BYKOBBIX TE€Ue-
HUI MOKET OBITh CYIIIECTBEHHO HIDKE CKOPOCTH 3BYKa.
bonbnioii onmeIT B 3agavax Mogo0OHOTO poja HaKOII-
JIEH IIPUMEHUTENILHO K IIPO0JeMe BbIICICHUS IIPU-
CTEHHBIX MYyJIbCallMii B TypOYJICHTHOM IIOIPaHUIHOM
cjioe Ha (¢oHe akyctuueckux rmomex [5—10]. IToxo-
XKasi ImpobJjieMa BO3HMKAeT B MCCIIENOBAaHUSX IIyMa
oOTekaHMs IUIaHepa caMmoJjieTa MNpU aKyCTUUECKMX
U3MEPEHUSIX MOJEJIM B adpOArHAMUYECKOUN Tpyde ¢
3aKpHITOI1 paboyeil 4acThio MUKPO(MOHAMHU, paCIIO-
JIOXXEHHBIMU Ha CTEHKe TpyObl. B aTOM ciydae yxe
aKyCTUUYECKMI CUTHAJ SIBJISIETCS TOJIE3HBIM, a MYJIb-
callMy MOTPAaHUYHOTO CJI0SI HA CTeHKEe TpyObl — MO-
Mexoii [3, 5].

OOBIYHBIN MUKPOMOH I MOBEPXHOCTHBIN IaT-
YUK aBJICHUSI U3MEPSIET JIMIIb CyMMapHbIe MyJbca-
muu (MCKaxkas IIPU 3TOM KaXIyIo MX KOMIIOHEHTY B
COOTBETCTBUHU C COOCTBEHHBIMM XapaKTEPUCTUKAMM), 1

JUIST pasfelieHrsT aKyCTMYECKOM M IICEBIO3BYKOBOIM
COCTaBJISIOIIMX IPUXOIUTCS TIPUOEraTh K crienuaib-
HbIM MeTOJaM HU3MEpeHMil u 00padOTKU CUTHAJIOB
[5—9]. Haubonee HamgexXHBIM CIIOCOOOM SIBJISIETCS
MpUMeHEeHNEe YaCTOTHO-BOJHOBOM (hUIbTpallui, KO-
TOpas B 00IIeM Caydae TpeOyeT MCIOIb30BAHUS CH-
CTeM, MPOTSKEHHOCTh KOTOPBIX CpaBHUMA C JJIMHAMU
BOJIH HU3KOYACTOTHBIX aKyCTUUYECKUX BO3MYIIICHUIA,
YTO AejlaeT MPaKTUYECKYIO peaan3aliio TaKOro Moi-
Xoda 3aTpyaHUTENbHOM [5]. IIpakTudecku peanusye-
MBI€ CIIOCOOBI, KaK IIpaBMJIO, OCHOBAHbI Ha CyIlle-
CTBEHHOM pa3JIMuUM MacIITab0B KOPPEJISILIUU TICEB-
JIO3BYKOBBIX 1 3ByKOBBIX BO3MYILIEHUI B MEIJIEHHBIX
TEUECHMUSIX, TTOCKOJIbKY MEPBbIEe OOBIYHO CYIIIECTBEHHO
MEHbIIIE TToCTIeAHMX [2, 3, 6, 8, 9]. DTo TTOo3BONSIET MIIS
M3MEPEHUS TICEBOO3BYKOBOM COCTaBISIOLIEN MC-
MOJIb30BaTh TaK Ha3bIBaeMbIil 3(PdeKT mpocTpaH-
CTBEHHON uabTpaumu. [1pu MCIoab30BaHUN CHICL-
aJbHBIX JTaTYMKOB WIM CUCTEM IAaTYMKOB, JIMHEIHBIE
pa3Mepbl KOTOPBIX IIPEBHIIIAIOT MACIITad KOppEes-
LIMM TICEBIO3BYKOBBIX BO3MYILIECHMIA, OKa3bIBaeTCs
BO3MOXHBIM OLIEHWUTh BKJIAJl 3ByKOBOI KOMITOHEHTHI
MyJbCcalluii 32 CYET B3AaMMHOIO COKpaIlleHUsI HeKOp-
pEIUPOBAHHBIX IICEBAO3BYKOBBIX BO3MYIICHU, I10-
cJie 4ero BhIUMTAHMEM €€ U3 CYMMapHOIro CIeKTpa
CUTHajla Ha OOWMHOYHOM MaJIOpa3sMepHOM HaTUYMKe
ONpEeNeIUTh XapaKTepPUCTUKM IICEBIO3BYKOBOI CO-
crapisitonieit [8, 9]. B aToM ciyyae pazmep usMepu-
TEJILHOM CUCTEMBI BCE €1lIe MHOTO MEHbIIIe MacIuTada
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Puc. 1. FCOMeTpHH 3ala4yM M CXeMa paCcCTaHOBKHU JaTYMKOB HaBJICHMUA.

KoppCiiaunn aKyCTHYCCKUX Hy.)'[bCﬂL[Hﬁ, a 3Ha4durT,
OHAa OCTAeTCS JOCTATOYHO KOMITAKTHOM.

OnHakKo WUCIIOJIb30BaHUE II0JJOOHOIO MoaXxoAa
CTAHOBUTCS 3aTPYAHUTEIIbHBIM, KOTIA TI0JIE ITyJIbCa-
LIMI1 CYILIECTBEHHO HEOIHOPOIHO U/WUJIM KOTIa Mac-
mMTad KOpPEISILUM TICEBIO3BYKOBBLIX BO3MYIIECHUIA
CpaBHUM C MacIITadOM KOPpPEJSIIUU aKyCTUYEeCKMX
Bo3MyleHuii [11]. O6a aTux pakTopa UMEIOT MECTO,
HampuMep, B T10JI€ MyJIbcalluii BOJIM3U rpaHUIIbl J10-
3BYKOBOI TYpOYJICHTHOM CTPYyM, TJe IIPUCYTCTBYIOT
aKyCTUYECKME BO3MYILUEHUSI, CBSI3aHHbBIE C IIIYMOM,
WM3JIy4aeMbIM CTpYEii, U IICEBIO3BYKOBEIC BO3MYIIIE-
HUSI, CBSI3aHHBIE C KPYITHOMACIITA0OHBIMY KOTePEHT-
HBIMU CTPYKTypaMM — BOJIHAMHM HEYCTOMYMBOCTH,
pPa3BUBAIOIIMMMUCS B CTPYE 3a CUET HEYCTOMUYMBOCTU
KensBuna—I'ensmronpua [11—13]. Tlpu uccienoBa-
HUM MPOLIECCOB IIIYMOOOPa30BaHUs B TYpOYJIEHTHBIX
CTPYSIX BO3MOXKHOCTH pa3iciieHUs] aKyCTUYECKUX U
TUIPOAMHAMNYECKNX BO3MYILIEHUI B OJIM>KHEM T10JIe
BaXKHa C TOYKM 3PEHUST MACHTU(PUKAIIMNA MEXaHU3-
MOB reHepauuu iyma [14—18], mpuyeM OOBIYHO
MPUMEHSIETCS CTaHAAPTHBIA METOd 4YaCTOTHO-BOJI-
HOBOi1 (pUJIBTpALIMM C UCTIOJIBb30BAaHUEM TMPOTSIKEH-
HBIX JUHEMHBIX MacCUBOB gatuukoB [14, 15, 17].
B nociienHee Bpemsi pa3BUBAIOTCS TakKKe METOIMBI,
OCHOBaHHBIE Ha HUCIIOJIb30BAHUM B3UBIET-TIpeoOpa-
30BaHMsI, MapaMeTpbl KOTOPOTO 3MITMPUYECKMU Ha-
CTPauBalOTCs Ha (PUIBTPALIMIO XKEJIAEMOI COCTaBIISI-
IOIIIE CUTHAaJIa, YTO MO3BOJISIET CYIIIECTBEHHO COKpa-
TUTh pa3Mep M3MepUTeIbHOI cucteMbl [17, 18].
OmncaHHEIE BbIIIE CIOCOOBI TPEOYIOT MCIIOJIH30Ba-
HUSI TPOTSDKEHHBIX M3MEPUTEIBHBIX CUCTEM W/WIA
CIeMaJIbHOM ITOCTOOPAOOTKY N3MEPEHHBIX TaHHBIX
U HE TOOXOMAT JIsI IpUMEHEHMsI, HallpuMep, B CU-
cTeMax aKTMBHOTO YIIpaBJICHUSI BOJTHAMU HEYCTOM-
yuBOoCTH [19—22], rne TpedyeTcs ornpeaeieHue lee-
BOTO CUTHAJIa B peaJlIbHOM BpEeMEHU, IIPU 3TOM aKy-
CTUYECKasI YaCTh CUTHAJIa MOXET SIBJISITHCST IIOMEXOM
JUISI CUCTEMBI YIIpaBICHMSI.

B Hacrosieit padbore mpeajioxkeH HOBBIM cItoco0
pasnesnieHus] 3BYKOBBIX U TICEBIO3BYKOBBIX ITyJbCalluid
JIaBJICHWSI, OCHOBAHHBIM Ha pa3JIMYUM WX CBOWMCTB
MpU U3MEPEHUHM B T1ape OJIM3KOPACIIONOXKEHHBIX TO-
yek. [IpennoxxeHHbIN cITocO0 MOXET OBITh PEaATU30-
BaH B BUJI€ KOMITAKTHOU W3MEPUTEIbHOU CUCTEMBbI
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KaK B pexX1Me peaJlbHOIO BpEMEHHU, TaK 1 B PEXUME
MOCTOOPAOOTKI U3MEPEHHBIX JAHHbIX.

B pasnene 1 onmcaHa uaest Metona, B paszaeie 2
MpUBEACHBI Pe3yJabTaThl TEOPETUYSCKOTO aHaIM3a
aJITOPUTMAa M Pe3yabTaThl €r0 TECTOB Ha MOACIHLHOM
MpuUMepe, a B pasneiie 3 — Ha JaHHBIX YUCIEHHOTO
MoaenupoBaHus. B 3akmodyeHun cpopMyIMpoBaHbI
OCHOBHBIE pe3yJIbTaThl paOOTHI.

1. IOCTAHOBKA 3AJAY N
N OIMUCAHHUE METOJA

ITycTh MMeeTcsl TO3BYKOBOE T€UEHUE C SIPKO BbI-
paXkeHHBIM KOHBEKTUBHBLIM MEPEHOCOM TMAPOIUHA-
MUWYECKMX BO3MYILIEHUI B HEKOTOPOM HAampaBJICHUHN X
(puc. 1). IlycTh B cpede CylLIeCTBYIOT TaKXKe aKyCTH-
YyeCKHe BO3MYIIEHUSI, BBI3BAHHbLIC BHEIIHUMU HC-
TOYHUKAMU WIU caMUM TeueHueM. [lapaMeTpnl, co-
OTBETCTBYIOILLIME TUAPOAMHAMUYECKUM WJIN aKyCTH-
YEeCKUM BO3MYILIEHUSIM, OyIeM OTMeUYaTh MHAEKCAMU
h VI a COOTBETCTBEHHO.

ITycTh B TOUKax / 1 2 HAa OCH X PACIIOJIOKEHA Tapa
“ToYeyHbIX’ TATYMKOB NaByieHus (puc. 1), peructpu-

PYIOLIMX COOTBETCTBEHHO CUTHAJIBL S(X;,7) U S(X,,7), B
KOTOPBIX COEPXKUTCS aKycTudecKast (@) u TuaApoav-
Hamu4deckas (/1) cocTaBisgiolIne, TaK YTo

S(xl’t) = a(xlat) + h(xlat)a
8(x,,1) = a(x,y,1) + h(x,,1).

PaccmaTtpuBaemMble JaTYUKU CMEIIEHBI IPYT OT-

HOCHUTEJIBHO pyra Ha paccrosiHue Ax = x, — x;, KO-
TOpoe OyaeM MpeArojiaraTb MajbIM ITO CPABHEHUIO C
MAacIITabOM KOPPEISIUM aKyCTUYEeCKUX BO3MYIIE-

HUH /,, IMEIOLLKM TOPSANOK JUIMHBI 3ByKOBOW BOJIHBIL:
Ax <[, ~ \,. TlpeanonoxvmM Takxke, YTO CKOPOCTb

KOHBEKUMU U, TMIPOIMHAMUYECKMX BO3MYLUECHUM
Majia 0 CpaBHEHMUIO C (pa30BOii CKOPOCTHIO ITEPEHO-

ca aKycTMYecKMX Bo3MmylueHuit, U, < U, (mpu 3ToM

o0byHO U, > ¢ [13], toe ¢ — ckopocTh 3ByKa). D10
O3HAYaeT, 4TO UIMHBI BOJH TUAPOINHAMUYECKUX

BO3MYLICHUN A, TPU 3aJaHHON 4YacCTOTE MaJbl IO
CPaBHEHUIO C AaKyCTUYECKUMU JIMHAMHU BOJIH,

A, <A,. Torna B mIaBHOM TIpUOIVKEHUW aMILIU-
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TYOHO-(a30BbBIM pa3aIndreM aKyCTUIECKOTO CUTHAJIA
Ha gatyukax / u 2 MOXHO TIpeHeOpeYb U CUUTATh,
41O a(xX,,t) = a(x,,t). OCHOBHOE pa3auyue CUTHAIOB
B ToYKax / 1 2 OyaeT CBsI3aHO C TUAPOAMHAMUYECKO
COCTaBJISIONIEI CUTHaJIa

50, 1) = 5(x1,1) = h(x,,1) = h(x,,1). (1)

ITocnenHee cooOpaxkeHWe O B3aMMHOM KOMIICH-
calliM aKyCTUYECKOl KOMITIOHEHTHI IIPU BHIYUTAaHUU
CUTHAJIOB B OJIM3KOPACITOJIOXEHHBIX TOYKaX, ITO-BU-
IMMOMY, OBLJIO BIIEPBBIE BBICKA3aHO B pabore [6] u
HOCUT Ha3zBaHHE MeToja aHTukoppemsiuuu [2]. On-
HaKo, B OTJIMYMe OT paboThl [6], MBI HE mpeamnoara-
€M, YTO MacIuTaObl KOppeJsluuyd TUapoarHaMuye-
cKuX (/,) M aKyCTMYECKMX ITyJbCALMI U BeJIMYMHA
CMEIIeHMsI HATYMKOB HAXOHISATCS B COOTHOIICHUU
l, < Ax < [,. HannpoTus, IOJI0XUM, YTO BEJIMYUHA
Ax CylIeCTBEHHO MEHbIIIE XapaKTepHOro MaciiTtada
KOppeJsSIiMU OOOUX TUIIOB mynbcauuii, Ax < /,,[,,
TOIJa MOXHO CYUTATh, UTO BBITIOJHSIETCSI TMIIOTE3a
Taitnopa 0 “BMOpPOXEHHBIX” BO3MYyHIeHUSIX [23],
COIJIACHO KOTOPOM IT0JI¢ ITyJIbCallMii MEPEHOCUTCS
co ckopoctbio U,, OCTaBasicCb HEU3MEHHBIM, T.€.
h(x,t) = h(x —U,t). Orcrona, ucnonssys (1), momy-
YUM CJICAYIOIIYIO OLICHKY

S(x29t) - s(xlvt) =
~ (xy = U,t) — hx, — Up) ~ G A )
atu,

ITonoOGHbII MoaAX0A UCTIONIB30BAJICS, HATIPUMED, B
pabore [24] nas BocCTaHOBJIEHUS ITPOCTPAHCTBEH-
HOW TPOU3BOAHOM IIOJIS IMYJbCALIMM 1O UX BPEMEH-
HOIi TIPOM3BOAHOM. 3/1eCh XK€ TpeajaraeTcsi, Ha000-
pOT, OLIEHUBATh BPEMEHHYIO IPOU3BOIHYIO CUTHAJIA
MO MPOCTPAHCTBEHHOM, CUUTAs, YTO TPU BBIYUCIIE-
HUW TIOCIIEOHEN aKyCcTH4YeCcKasl COCTABIISIONIAs B3a-

UMHO COKPAIIAETC.

CooTtHoureHue (2) MOXXHO MCITOJIb30BaTh JJ151 BOC-
CTaHOBJIEHUSI BPEMEHHOM peanu3alluu curHana (c
TOYHOCTBIO IO TOCTOSTHHOIT) B OKPECTHOCTH TOYEK X,
U X, MyTeM UHTETPUPOBAHMUS €TO MPOU3BOTHOI:

m%mzjﬁ&%iﬂbﬁmm+c, 3)
0

LIe X, — KoOOpAuHaTa ToYku 0, nexaiueil Boaus3u To-
yek I u 2 (puc. 1), C — 3HaueHUe 4 B MOMEHT Hayaja
uHTerpupoBaHus. 3HadeHue C, BOOOIIE TOBOPSI, He-
U3BECTHO, OJHAKO ITOCKOJIbKY OHO HE€ BJIMSET Ha
CIIEKTp ITyJbCallvii, 63 moTepu OOILIHOCTH MOXHO
noiaoxuth C = 0. OTMeTuM, 4YTO B JTaHHOM METO/IE
MMEET MECTO HEOIIPEAeI€HHOCTh KOOPOUHATHI IT0-
psiaka Ax, KOTopasl IIPUBOIUT K OTPAaHUUYEHUIO €ro
paboTOCIOCOOHOCTH CBEPXY I10 YaCTOTaM.

ITocne HaxoXaeHUs YKazaHHbIM 06p330M rmapo-
JIMHAMWYECKOUN 4acTu Hy.J'IbCElL[I/Iﬁ aKyCTHU4ECKasa Co-

BbIYKOB, ®PAPAHOCOB

CTaBJIsIIOIIAsi MOXET ObITh OlleHeHa KakK a = s — A.
IMTpouenypa, onucsiBaemasi BoipaxkeHuem (3), sBJsI-
€TCsl JIOKAJIbHOI B TOM CMBICJIE, UTO XapaKTepPHBIN
pasMep U3MEpUTETbHON cucTeMbl Man (Ax < /,,1 ),
U, KpOMe TOro, OHa MOXET ObITh peajiu30BaHa B pe-
aJIbHOM BPEMEHU, a 3HAYUT, B LIEJIOM MPUToIHA IS
3a/la4 aKTUBHOTO yIIPaBJICHUS.

2. AHAJIU3 U TECTUPOBAHUWE METOJA
HA MOAEJIBHBIX TTIPUMEPAX

PaccMoTpuM HeKoTOpble OCOOEHHOCTU TPaKTH-
YECKOM peain3aluu NpeajioXeHHOro MeTo1a U CBsI-
3aHHbIE C 9TUM OrpaHUYeHUsI. B peaibHbIX cucTeMax
CUTHAJI §, UBMEPEHHBIU B TOUKE X, MPENCTaBJIsSIeTCs
KaK MOCJIEN0BATENBHOCTD OTCYETOB {s,(X)} C HEKOTO-
pO#l 4aCTOTOM NUCKPETU3ALMU f, = 1/ At, IHIEKC n
COOTBETCTBYET HOMeEpY oTcueta. B nuckpeTHom
MpeAcTaBIeHUM NpeajIoKeHHasI Ipoueaypa (3) siBisi-
€TCs JIMHEMHBIM PEeKypCUBHBIM (pribTpoM [25] u
MPUHUMAET BUIL

Yn = Yna + Ma (4)

N,

L€ y, — OTCYEThI BBIXOAHOIO CUrHaja (uibTpa, a
yucio N, XapaKTepu3yeT BPEMEHHYIO 3alepxKKy
Byl = Ax/ U, = N,At Mexny ruapoauHaMUYECKUMU
MyJabcalusiMU B Toukax I u 2. Vicxonst U3 mpuBeneH-
HBIX BbILIE COOOpaxkeHUit, MOXHO OXUAATh, YTO TTO-
CJIeOBATENIbHOCTE Y, OyAeT B HEKOTOPOM CMBICIIE
0amM3Ka K TMAPOJMHAMUYECKON COCTaBJISIIOLLEH A,
curHana s,. Ecim akycTrdeckass KOMIIOHEHTA OTCYT-
CTByeT (s, = h,), T.6. CUTHAJ s, IPENCTaBIsAECT COOOM
KOHBEKTHPYIOIIIEE CO CKOPOCTHIO U, TI0JIE, TO €ro 3a-
BHUCUMOCTb OT X BbIpaxkaeTcsi B MPOCTOM CMEIIEHUU
CUTHaJIa TI0 BPEMEHM COOOpa3sHO TUAPOAVMHAMUYE-
ckoii 3aaepxke. Torna wist Touku (), paBHOYAAJIEHHO
ot Touek / u 2 (puc. 1), (4) cBOOUTCS K BEIPAXKECHUIO

+ Myin, 2 = o, 2 . (5)
N,
HecnoxHo Takke IoKa3aTb, YTO B 3TOM cCliydae

YacToTHasl nepenatoyHas pyHkums W(w) dunbTpa
(5) umeet BU,

. (mN hj
,sin
Ww=e2— 2/
N, sin (%))

e o = 2mnf / f, — 6e3pasMepHasi Kpyrosasi 4acroTa,
BBIpaKeHHasi Yepe3 HUKJIMYECKYIO YaCTOTY f 11 4aCTOTy
nuckperusauuu f,. I3 paccMOTpeHus1 epesaToyHON
dyHKMM W () CTAaHOBUTCS SICEH XapaKTep OMUCaH-
HOM Ipoleayphl, KOTopas, IO CYLIECTBY, SIBJISIETCS
(UIBTPOM HIDKHUX YaCTOT JIJIsI BXOMHOTO CUTHAJIA TH-

Yn = Vna

(6)

AKYCTUUYECKHWM XYPHAJI  Tom 69 Ne 6 2023
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Puc. 2. PacueTHble XxapakTepucTuku duibTpa (4). (a) — AMIUIMTYIHO-4YaCTOTHAs XapakTepucTuka (20 1g \W\) IIPY PA3JIUYHBIX
napameTpax 3agepxku: I — N, =5; 2— 10, 3 — 15; (6) — pazoBo-yacToTHas Xapakrepucruka (arg(W)).

na /,. B ciyyae pacronoxeHust Touku ) HECUMMET-
PUYHO OTHOCUTEIBHO ToueK / 1 2, B (6) mosiBUTCH ha-
30BblIl MHOXUTENb BUga exp(ioN, — N, / 2)), rme
N, — 3agepxka curHaia Mexay Toukamu / u 0. Ta-
KM 00pa3oM, HanMeHbliree (pa3oBoe NCKakeHUe 10-
cruraercd npu N, = Nh/2, T.e. IIpU X, = (X; + xz)/2.

Jns1 nabopaTopHBIX TTapaMeTPOB TIPU UCCIIEAOBA-
HHUU JTO3BYKOBBIX CTpyi [11] TMnmWyHBIE 3HAYESHUS,

KOTOPbIC OOBIYHO PCaJIN3yroTCsa Ui MOT'yT OBbITh pca-
JIM30BaHbl B 3KCIICPUMCHTC, MOXHO OIICHHMTb KakK

£, ~10° T, U, ~10"...10> M/c, Ax ~ 107> M, Torza
N, ~ 10 — TUIIMYHOE YUCJIO OTCYETOB CUTHAaIA, Xa-
pakTepusylollee ero 3afepXKy MpPU KOHBEKILIUU OT
Touku I K Touke 2. Ha puc. 2 moka3aHbl aMILUIUTY/ -
HO- 1 (ha30BO-YaCTOTHBIE XapaKTEPUCTUKK (prIIETpa (6)
IUIl HECKOJIbKMX 3HadyeHuil N, mpu f, = 10° Tu u
Xy = (X + x3) / 2. AMIUIATYIHAS XapaKTEpUCTHAKaA MTOKa-
3aHa B JorapudmuueckoM maciurabe I, = 201g |W|

BuaHo, uyto yactoTta cpe3a uiabTpa yBeJIMUUBaeTCs
MpU YMEHbIIEHUMW 3aJePXKKU, KPOME TOro, IpH
Xy =(x + xz)/ 2 (azoBas XapaKTepUCTHUKA HE 3aBU-
CUT OT 3allepXKU U MMeeT MpuemMiieMble 3HaYeHUsI
(c uckaxxeHueM ha3bl UCXOJHOIO CUTHaJIa B Mpeae-
nmax 20°—30°) o yacToThl ® =~ 1.

Jlajiee oLIeHUM SIBHBIM 00pa30M BIMSIHUE aKyCTH-
YeCKOl KOMIIOHEHThI Ha pe3yJibTaT orepauuu (4).
Ecnu s, = h, + a,, T0e cUTHAI g, IPEACTABIIAET COOOI

KOHBEKTHUBHO II€pEMEIIAIONIICECA CO CKOPOCThIO Ua
II0JIE 1 ABJIACTCA HCKOPPCJIUPOBAHHBIM C CUTHAJIOM

h,, TO BbIpaxkeHUe (4) CBOAUTCS K

hn+N,, 2= hn—N,,/Z AuiN,/2 — AN, /2
+ , (D)
N, N,

Yn = Vna +
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rie N, XapakTepusyeT BpPEMEHHYIO 3aIepXKKy
tyel = Ax/ U, = N,At MexXly aKyCTUYECKUMMU T1yJIbCa-
mussMu B Toukax I u 2. I3 BeipaxkeHus (7) ciienyer,
YTO KBaJapaT COOTBETCTBYIONICH aMIUIMTYIHO-Ya-
CTOTHOM IepenaToyHoi ¢yHKIMKU W, mocie ocpen-
HEHMSI 110 HAOOPpy peanr3alii CUTHaJIOB a, U A, (11st
ydyeTa MX HEKOpPpeJUPOBAHHOCTU), OymeT orpeae-
JISITbCSI BEIpaXXKeHUEM

(w3 o

X ﬂsin2 (m—N”) + ﬁsin2 (m—N“j s
[P 2/ |sf 2

B KOTOPOM |S|2, |H |2 u |A|2 — CIIEKTPBI MOLIHOCTH
ITOJTHOTO CUTHAJIa ¥ €T0 TUAPOAMHAMMNYECKOM 1 aKy-
CTUYECKOM KOMITOHEHT COOTBETCTBEHHO. OTMETUM,
4yTO BbIpaxkeHue (7) ImorydyeHo u3 0oJiee oOIIMuX pac-
cyxknmeHuii, yeM BbIpaxkeHue (1), 6e3 Ipearoaoxe-
HUS O TIPEHEOPEXXNMO Majoif BEIWYWHE Pa3HOCTH
aKyCTU4YeCKMX KoMITOHeHT. OciabiieHne aKycTude-
CKOIf KOMITOHEHTHI B paMKax pacCMaTpUBaeMoOTo ajl-
TOpHTMa BO3HUKAET ITTOCe TpaHCHOpMamuu IIpo-
CTPAHCTBEHHOM IPOMU3BONHOI BO BPEMEHHYIO U I10-
CJIeIyIOIIero MHTeTpupoBaHus 1Mo BpeMeHu. M3 (8)
SICHO BUIHO, YTO TIPEIIOXKEHHBIN aJITOPUTM BBIIE-
JISIeT TUAPOAMHAMUYECKUE MYyIbCAllM TEM TOYHEE,
YeM MeHBIIIe BTOPOe cjlaraeMoe B CKOOKax ITo cpaB-
HEHUIO C TIEPBBIM — B 9TOM CJIydyae OH CBOIUTCS K
paccMOTPEHHBIM BbIllie BeIpaxXeHUsIM (5)—(6). Bos-
MOXHOCTb OTOpachIBaHMSI BTOPOTIO cJiaraeMoro B (8)

IJ151 YMEPEHHBIX 3Ha4YeHU ®, N, 1 N, TpAOIVKeH-
HO OIIpeneysieTcs] BBITIOJIHEHWEM HepaBeHCTBa
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Puc. 3. MognenbHble criekTpaibHble GYHKLMY B JorapudmudeckoM macuirade: I — F,; 2 — Fy,.

|A|2/|H|2 < (N,,/Na)2 = (Ua/Uh)z, T.€. CBSA3aHO C CO-
OTHOIIIEHWEM (ha30BBIX CKOPOCTEH BO3MYIICHUIA:
yeM OOJIbllIe pa3IMyaloTcsi CKOPOCTH, TEM OOJIBbIIE
JIUHAMWYECKUI auarna3oH ajroputma. OTMeTuM
TakXe, YTO B 00JIACTU JOMUHUPOBAHUS aKyCTUYE-
CKMX BO3MYIIIEHU (8) cBeneTCs K BHIpaXXEHUIO

. 2(0)1\/,1)
simn | ——
~— 2 ©

e

KOTOPO€ OTpaXac€T MCKa>XCHUEC aKYCTI/I‘{eCKOfI KOM-
IIOHCHTLI CUT'HaJIla pacCMaTpuBacMbIM (l)I/IJ'H:TPOM.

w

g TepBUYHOM TIPOBEPKU pabOTHI aJropuTMa
OBUTO CTEHEPUPOBAHO IBAa THIIA TECTOBBIX IICEBIO-
CITyJaliHBIX CUTHAJIOB, MOAETMPYIOIINX CHOCSIIINECS
BIIOJIb OCU X BO3MYILIEHUSI, B BUJIE CYNEPIO3ULIUU KO-
HEYHOTO YMcJia TApMOHUK CO CIyYaliHbIMU (ha3zaMu:

M
h(x) = D NEGAf)
i=1

X CosQIAf(n— ] f, = x/U,) + W),

M
a,(x) = Y JF,(Af)
i=1

x cosRmiAf ((n —_1)/fs - X/Ua) +0,),

(10)

(1)

e Af = 80 Iy, £, = 10° T, U, =100 m/c, U, = 500 m/c,

4 o
M =107, y; u @, — ciiyyailHble ¢da3bl TApMOHUK, a
pacrpeneyeHre aMIUTUTYI TApMOHUK IO YacTOTaM

3amaerca  QyHKuuMaMu  F(f) = (1 + (f/fh)z)_1 u

F(f)= (1 + (f/fa)2)7l ¢ yactoTamu cpesa f, = 5 klu

u f, = 20 xI'u coorBeTcTBeHHO (pUc. 3). Ilocnenosa-
TeJibHOCTD (10) MomenupyeT omHOMEpPHOE I10JIe TU/I-
pOOIMHAMMWYECKUX MyJdbcalluii, a II0C/IeI0BaTellb-
HocTh (11) — akyctmyeckux. B manHOM mpumepe
MpPEarnojaaraeTcd, 4YTO Ha HU3KUX 4aCTOTaX MHTEH-
CUBHOCTU MY/IbCALUi OMUHAKOBEI, 4 Ha BHICOKUX —
JTOMUHHUPYIOT aKyCcTU4YecKue Iyabcanuu. Kaue-
CTBEHHO 3Ta MpOoCTeiilias MOJIe]Ib COOTBETCTBYET CU-
Tyallii, KOTOPYIO MOXHO HAaOJII0JaTh B HEKOTOPHIX
TOYKaX OJIMDKHETO T10JISl CTPYMU.

Ha puc. 4 noka3aH pe3yabTaT IPUMEHEHUSs Olle-
pauuu (4) Kk curHany (10) B OTCyTCTBUE aKyCcTUYe-
CKOIl KOMITOHEHTBI MyJibcauuit (s, = h,). AMIUIMU-
TYIHO-9aCTOTHYIO MepeaaTOuYHyI0 PYHKIINIO DUITh-
Tpa (4) MOXHO HaWTHM KaK MOAY/JIb OTHOIICHWUS
CIIEKTPOB BBIXOTHOTO Y () ¥ BXOTHOTO S () CUTHAJIOB:
L, =20 lg|Y/ S|, IpK 3TOM OHa COBIIAJAET C BbIYMC-
JIEHHOM TeopeTuuecKu pyHKIMeit (6), KaK TOKa3aHO

Ha puc. 40, TOCKOJIBKY BXOTHOM CUTHAIT TTIOJTHOCTHIO
COOTBETCTBYET 3aJTOXKEHHO B BEIUMCIICHUE (6) MOIEN.

AKYCTUYECKUM XYPHATT TomM 69 Ne6 2023
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Puc. 4. Pe3yiabTaT BOCCTAaHOBJIEHMSI CIIEKTpa CUTHAJA A C TIOMOILbIO aliropuT™a (4): (a) — 1 — MCXOIHBII MOIEbHBIN CIIEKTP
Fy,, 2— cnexrp peamusauuu curnana (10), 3 — cnexrp curnana (10), npouieniero npeodpaszosanue (4); (0) — / — aMILIUTYIHO-
4yacTOTHasI repeaaTouHasi byHKIIMs, TTOJIydeHHasi B MOZIEJIbHOM TTpUMepe, 2 — pacCYMTaHHasi B COOTBETCTBUH € (6).

4000 T—7 —3
2000 |
- O ““AWW\M -
ﬁ#ﬁ H £ 1 \_Eu: f:
—2000 | '
—4000 i ST G-
0 0.001 0.002

10.003

10.005

10.004

1, C

Puc. 5. BpeMeHHbIe peajn3aliui CUTHAJIOB: / — CyMMapHBbIii; 2 — UCXOAHasi TUAPOAUHAMMUYECKasi KOMIIOHEeHTa; 3 — TUAPOar-
HaMu4ecKasi KOMITOHEHTa, BOCCTAaHOBJICHHAs C TTIOMOIIIBIO MTpe/iaraeMoro MeTo1a.

PaccmoTtpuM mastee Gosiee peaTMCTUYHBIN BXOI-
Hoil curHan B Buae cymmsl (10) u (11): s, = A, + a,,.
Ha pwuc. 5 moka3zaHbl BpeMeHHBIE peaTu3aii CyM-
MapHOTO CUTHAJla U €T0 TUAPOIUHAMUYECKON KOM-
TMOHEHThI: UCXOAHON M BOCCTAHOBJICHHOU C MOMO-
IO OMMMCAaHHOI B paboTe Tpouenypsl. BumHo, 4yTo
BOCCTAHOBJICHHBIM CHUTHAJI TIOBTOPSIET B IIEJIOM HC-
XOITHBIM, 3a WCKIIOYEHWEM BBICOKOYACTOTHBIX CO-
CTaBJISTIONINX, YTO CBSI3aHO C OOCYKIABIITUMUCS BbI-
11Ie 0COOEHHOCTSIMU aJITOPUTMA.

KoauyecTBeHHBIN aHaiIM3 KayecTBa BOCCTAHOB-
JICHUSI TUAPOAUHAMUNYECKOI KOMIIOHEHTHI IIPUBEACH
Ha puc. 6. Ha puc. 6a mokasaHbl MOJIEIbHBIE CIIEK-
TpajbHbIe (PYHKIIMH, a TaKXKe CIeKTpbl H n A KoH-
KPETHBIX pean3alinii CIydaiiHbIX CUTHAIOB JIJISI THI-
POIMHAMUYECKONH U aKyCTMYECKO KOMIIOHEHT CO-
OTBETCTBEHHO. TaM e mpuBeneH CIIEKTp ¥ curHaja
v,, TonyJatolerocss Ha Bbixone ¢uibtpa (4). Kak
BUIHO, B 00JJaCTM HU3KUX YACTOT CHEeKTpol ¥ u H
COBMANalOT C TOYHOCTHhIO oKoJio 1 b, yacTora cpesa
IIPX 3TOM IJISI pACCMOTPEHHBIX B IpUMEpPE MapaMeT-
POB cOCTaBIsIeT 0KOJIO0 4 K111 M COOTBETCTBYET 4aCTO-

AKYCTUYECKUN XYPHAJ Ne 6

TOM 69 2023

Te cpe3a ¢pyHKuMU (6). ToT dakT, YTO B MOAETLHOM
MpUMepe 3apaHee U3BECTHBI 00¢ KOMITOHEHTHI CHUT-
HaJja, MO3BOJSIET OLEHUTh (haKTUUECKHUEe U pacyeT-
HbIe TlepeaTodYHble (YHKIUU IS TIPEIIOKEHHOTO
METOo/a UX pasaeeHusl.

Ha puc. 66 mokasaHa TepematoyHast (DYHKIIHS
paccMarpuBaeMoro (GpuiabTpa, pacCyMTaHHasI Ha OC-
HOBaHWM CIIEKTPOB BXOTHOTO M BBIXOTHOTO CUTHA-

JoB L, =20 lg|Y / S | Tam ke mpuBeaeHa ee TeOpeTr-
yeckasl OllcHKa, TTOJIydeHHasl Ha OCHOBAaHUU BhIpa-
xeHuA (8), KoTopas xopollo coBnanaet ¢ L, . BugHo,
YTO Ha BBICOKUX YaCTOTaX, Ilie JOMUHUPYIOT aKyCTH-
yecKHe BO3MYIIEHUS, MepeaaTouyHast (GyHKIINST BbI-
XOIUT Ha IpeJieil, COOTBETCTBYIONIMI BEIpaKeHUIO (9).
Ha puc. 66 moka3zaHa TakxKe IepegaTodyHast pyHK-
LUST TUAPOAMHAMUYECKON KOMIIOHEHTBHI CUTHaJa

L, =201g |Y /H | U BUJHO, YTO €€ HU3KOYacCTOTHasl
4acTh COBMAAAET C TEOPETUUYECKOI OLIEHKOI (6), Kak
3TO U JOJDKHO OBITb — MMEHHO B 3TOM 00/aCTU 4a-
CTOT OCYIIECTBJISIETCS KOPPEKTHOE BOCCTAHOBJIEHME
TUIPOAMHAMUYECKOM COCTABIISIOIIEN CUTHAIA.
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Puc. 6. Pesynbrar BeimesieHUs CIIEKTpa CUTHAJIA /1 U3 CyMMBI s = 4 + a ¢ TOMOIIBIO BeIpaxkeHus (4). (a) — I — UCXOMHBIIT MO-

NIeJIbHBLA CIIEKTP F, aKYCTUYECKON KOMIIOHEHTBI, 2 — CIIEKTPp A peanu3auuy curtaia (11), 3 — ucxoqHblil MOIENIbHbBINA CIIEKTP
F, tuaponHaMN4ecKoil KOMITIOHEHTHI, 4 — ciekTp H peanusaiuu curdana (10), 5 — criektp Y curHana s, mpouIeamero npe-
ob6pasoBaHue (4); (6) — I — nepenarounast GyHkuus Ly, 2 — olieHKa Ly Ha ocHOBaHUM (8), 3 — BBICOKOYACTOTHASI ACUMIITO-

tuka (9), 4 — nepenarouHast dbyHkuus Ly, 5 — oueHka Ly Ha ocHoBaHMH (6).

Takum 06pa3oM, TEOPETUUECKM U Ha MOACIbHBIX
MpUMepax IMoKa3aHo, YTO MPEIIOKEHHBINA alTOPUTM
MO3BOJIIET BOCCTAHABIUBATHL TUAPOAUHAMUYECKYIO
COCTAaBJISIIONIYIO CUTHaJIa B 00JIaCTU YMEPEHHBIX Ya-
cToT. [1pu 3TOM anropuT™ paboTaeT TeM TOUHEE, YeM
OoutblIe pa3anyaioTcs ¢pa3oBbIe CKOPOCTH aKyCTHIE-
CKUX Y TUIPOAMHAMMUNYCCKUX BO3MYILICHUIA.

3. MIPUMEHEHHWE METOJA K AHAJINU3Y
JAHHBIX BBIYNCIIUTEIIBHOT'O
BKCITEPUMEHTA

TecTupoBaHue NpemIOKEeHHOTO MeToaa ST pea-
JIMCTUYHBIX MOJIe MyJabCalluii IIPOBOAMIIOCH C HC-
MOJIb30BaHUEM JAHHBIX BBIYUCIUTEIBHOTO KCIIEPH-
MEHTa, B KOTOPOM OBLJIO BHIIIOJIHEHO YMCIIEHHOE MO-
JIeTMPOBaHUE ITO3BYKOBOII TYypOYJIEHTHOM CTpyH
MeTonoM KpyrHbiX Buxpeit (LES), peasm3zoBaHHBIM
Ha 6a3e cxeMbl KABAPE [26, 27]. PaccmaTpuBaiach
CTpy#, UCTEKAIOIasl U3 KPYrjoro npouinpoBaHHO-
ro coria guametpoMm D = 0.04 M/c cO CKOPOCTBHIO
V; =180 m/c. Ctpys ¢ TaKUMU NTapaMeTpaMu Ucclie-
JoBaJlach 3KCHepUMEHTaJbHO B padGorax [11, 13].
B HacTosieii pabore MCHoab30Bajach pacueTHast
ceTka 00beMOM 36 MIIH sI4eeK, pacdyeTHas 00JIacThb
uMeJia JJIMHY oKoyio 155D, ee morepedyHblii pa3Mep
cocTasJsi okojio 110D. B paborax [28, 29] moka3aHo,
YTO TpU JAHHBIX MapaMeTpax pe3yJabTaThl pacyeTra
YKa3aHHbIM METOJOM XOPOIIO COOTBETCTBYIOT pe-
3yJbTaTaM U3MEPEHUIA.

B npouiecce pacuera s ueneil Hacrosiieid pado-
Thl COXPAHSUIMUCh BPEMEHHBbIE MCTOPUU NYJIbCALIU
JaBJIEHUSI Ha Y4acTKe 0Opasyloleil KOHMYECKOM Mo-
BepxHocTH 0 < x / D £ 29 ¢ HaYaIlbHBIM PagnycoM

r/D = 0.81 u yriom nonypactsopa 9° (puc. 7a). lau-
HBbIE COXPAHSUIUCh B TOYKaX C IIaroM Ax/ D=0.1c
yactoroil 10° Iu. JlaHHAas MOBEPXHOCTb HA HAYaJIb-

HOM y4dactke 0.5 < x/ D <7.5 coBnagana c MOBEPX-
HOCTBIO, Ha KOTOPOM U3MEPSIJIOCH OIMDKHEE TT0JIe Ta-
KOI CTpyHM B DKCIIEPMMEHTE B 3aIjylLIEHHOM Kamepe
AK-2 ITAT'H [13], 4TO TTO3BOJIUIIO IPOBECTHU IIPSIMOE
cpaBHeHNE JaHHBIX pu3mdeckoro [11, 13] m yncieH-
HOTro 3KCIIEpMMEHTA, MOKa3aBIllee UX MPUEMIIEMOE
COOTBETCTBUE KaK B OJIMKHEM, TaK U B TaJIbHEM T10JIe
(puc. 70) B IIMPOKOM AUAIIa30HE YaCTOT. DTO 000C-
HOBBIBAa€T BO3MOXKHOCTh MCIOJIb30BaHUS Pe3yJibTa-
TOB BBIYMCIUTEIBHOTO BKCIIEPUMEHTA JJI1 TECTUPO-
BaHMs NPEIJIOKEHHOTO B JAaHHOK paboTe MeTona
pa3nejieHus MyabCalMid.

W3 puc. 70 BUTHO, UTO CIIEKTP MYJIbCALIMU TaBje-
HUSI B OJIMDKHEM TIOJIe XapaKTepu3yeTcsl BbIPaKeH-
HBIM ITMKOM B 00JIacTU cpegHux 4actoT. CornacHo
pesynbTaTtaM padort [11—14] 3TOT MUK COOTBETCTBYET
BO3MYIIIEHUSIM OT BOJIH HEYCTOMYMBOCTU, U OH TEM
OoJ1ee BBIpaKEH B OOIIIEM CIIEKTpEe CUTHAaJIA, 9eM OJimKe
TOYKA HAOMIONEHUS HAXOAUTCS K CJIOK0 CMEIICHUSI.
B 061acTu BBICOKMX YacTOT CIIEKTP CUTHajIa CTaHO-
BUTCS OoJiee TIOJIOTUM M COOTBETCTBYET aKyCTUYe-
CKHM BO3MYILEHUSIM (B 3TOM 00JaCTH YaCTOT CHEK-
TPbI OJIMKHETO U TATBHETO TTOJISI TIONOOHBI APYT APYTY).

OueHuM cHayajga oOUIyI0 CTPYKTYpPY OJIMXKHETO
MoJIsi HA paccMaTprMBaeMOM JIMHUU C TIOMOIIbIO Ya-
CTOTHO-BOJTHOBO# (puibTpauuu. s 3amaHHOTO Ha
YKa3aHHOM JIMHUU ONHOMEPHOTO Cpe3a Mo AaBJie-
HUA p(x,t) BBIYMUCISIICS YaCTOTHO-BOJIHOBOM CIIEKTP

Pk, ®) = ﬁ P(x, 0 ™  dtdx.

AKYCTUYECKUM XYPHATT TomM 69 Ne6 2023
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Puc. 7. (a) — MrHoBeHHOE I10JI€ 1aBJIeHMs TypOYJIEHTHOI CTpyH, IMMOJYYEHHOE B YMCIEHHOM MOACIUPOBAHNM, ITyHKTUPOM MO~
KazaHa 00pasylollasi KOHUYeCKO MOBEPXHOCTH, HA KOTOPOI COXPaHSIIUCH MyJIbcalluU 1aBjieHus ; (0) — CpaBHEHME U3MEPEH-
HBIX B 9KCTIEpUMEHTE (JIMHUM) U MOJIyYeHHBIX B pacueTe (TOUKM) CIIEKTPOB IyJIbcallnii [aBieHUs B OkHEM T1071e (/) B TOUKe
x/D=1.5, y/D =1u B nanbhem noxne (2) B Touke x/D = 1.5, y/D = 20.

Ha puc. 8 nmokasaHa KapTa CreKTpajabHON MJI0T-

HocTu MotHocTH | PI° B norapudmmieckom maciurace
C HOPMHPOBKOil HA MAaKCHMYM cIieKTpa. BoiqHoBoe
4UCII0 06e3pa3MepPEHO ¢ TIOMOIIBIO IUAMETpa COIIA,
B KauecTBe 06e3pa3MEpHOI YacCTOTHI MCIIONb3YeTCsI
yucio Crpyxans St = fD / U,. Ha xapre oT™MedeHbI
JIMHUM 3BYKOBOI (pa30BOI CKOPOCTH BO3MYIIICHUI
[U,| = ¢, xoTopble ciyxaT dbopMmaabHON TpaHuleil
MeXIy aKYCTMYECKUMM U TUIPOIMHAMUYECKUMMU
My/lbcalusIMi. B CHieKTpe Takxke SIBHO BBLIEIISETCS
HarpaBJIeH}e, COOTBETCTBYIoLIee (ha30BOii CKOPOCTH

U, = 0.65U, ¢ KOTOPOIi IPENMYLIECTBEHHO TepeMe-
LIAIOTCS TUAPOANHAMUYECKHE BO3MYILIEHUSI.

ITocne 4acTOTHO-BOJTHOBOTO Pa3JIOKEHUSI B TTOJTY-
YEHHOM CHEKTpe ObLIU BbIIEJIEHbI 30HBI JO3BYKOBBIX
¥ CBEPX3BYKOBBIX BO3MYIIEHUI (CM. puc. 8), OT KO-
TOPBIX OBLJIO B3ITO 0OpaTHOE IpeodOpa3oBaHue Py-
pbe, UYTO MO3BOJIUJIO SIBHBIM 00pa30M OLEHUTDH TUJI-

pO,E[I/IHaMI/I‘{CCKYIO ph n aKYCTI/I‘{CCKyIO pa COCTaBJId-
TOILUE TI0JIS1 TABJICHUS .

—i2 —ik:
P(k, e ™ Tk,

pa(x,t) = = (12)

|ol<lkle
Pa(x,1) = %

T oplkle
Ha puc. 9 nmpuBeneHbl IPOCTPAaHCTBEHHO-Bpe-
MEHHBIE KapThl TOJIS TIyJIbCALIUi TaBJICHUS IJIsS UC-
XOIHOIO CUTHAJIa U €ro TMAPOIWMHAMUYECKOM U aKy-
CTUYECKOI COCTABIISIONINX, ITOTyYeHHBIE C ITOMOIIIBIO
dunprpanuu (12), (13). Takue KapThl, B COBOKYITHO-
CTU C YaCTOTHO-BOJIHOBBIM CHEKTPOM, HANISIAHO JIe-
MOHCTPHUPYIOT CTPYKTYPY ITyJIbCALIAI OJIVKHETO T10-
JIST CTPYM: B 00JJaCTM HU3KUX YaCTOT HaOII0HaeTCs
JOMUHHUPOBAHUE MEMIEHHBIX THAPOIUHAMUYECKUX
BO3MYIIEHU, CHOCSIINXCS BHU3 110 HAIIPABJICHUIO

Pk, f)e—iZtht—ikx dfdk. (13)
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WCTEUYEHUSI CTPYM, IPUYEM UX XapaKTepHBII Mac-
mTad pacTeT Mo Mepe yIaJICHUS OT COILJIa, a CKOPOCTh
KOHBEKIIMM — yObIBaeT. BRICOKOYACTOTHEBIE KE BO3-
MYIIEHUS] TIPEUMYILECTBEHHO SIBJISIOTCS aKyCTHUYe-
CKUMU — X (pa30Bast CKOPOCTh HA pacCMaTpUBacMOit
JIVHUM OJIMKHETO MOJsI B OCHOBHOM MPEBBIIIAET
CKOPOCTb 3ByKa, IpUYEM ITyIbCAallUM MOTYT PacIipo-
CTPaHSIThCS KaK BBEPX, TAK ¥ BHU3 I10 HAIIPaBJICHUIO
WCTEUCHUS CTPYU.

s manbHeiIero aHajau3a pacCMOTPUM TOUKY
OJIVXKHETO MO X, = xO/D =15,y = yO/D =1 (ma-
JIee OymeM 00O3HauYaTh 3Ty TOYKY Kak 0, yepra CBEpXy
O3HayaeT HOpMUpPOBKY Ha D). O6nacTb x/ D~ y/ D~1
WHTEpeCcHa TeM, YTO B Hell 4acTO OKa3bIBAIOTCS 2JIie-
MEHTBl KOHCTPYKILIMU caMoJieTa (KpbLIo, 3aKPbLIOK,
nuyioH asuratens [30—32]), u 3amaya CHUXKEHUST Ha-
IPY30K OT CTPYU U aKyCTUYECKOTO IOJIsI, BOBHUKAIO-
1LIeTO TTPU pacCesTHUY TMApOAMHAMUYECKUX BO3MYIIIE-
HUI Ha KPOMKAaxX KOHCTPYKIINH, B TOM YHCJIe METOIa-
MM aKTUBHOTO YIIPABJICHUS, SIBISIETCS aKTyaJIbHOM
WMEHHO JIJIsl JaHHO 30HBI.

O1ieHUM MaciITaObl KOPPEISILMN aKyCTUUYECKUX
U TUAPOAMHAMUYECKUX BO3MYIIIEHU ! B 00J1aCTH TOU-
Ku 0. JJ1s1 3TOro BBHIYUCIISUIACH IBYXTOYEYHBIE HOP-
MUPOBaHHBIC B3aMMHbIE CIIEKTPbI MEXIY TOYKOi 0
(B3SITOI 3a OIMOPHYIO TOUKY) U BCEMU OCTAIBHBIMU
TOYKaMU Ha pacCMaTpUBaeMOM JIMHUU

P(xo, )P(x1, f)
| Pxo, NN PG, N

rae P(x,, f) — cnekTp B Touke 0, P(x,, f) — CIEKTp B
MPOM3BOJIBHOI TOYKE Ha paccMaTpUBaeMOM JIMHUUT
(kKoopauHaTa y WUIST KPaTKOCTH OMYyIIIeHa, T.K. KOOp-
JUHATHI X JOCTATOYHO [IJIsl ONpeaeeHUSI TIOJIOXKESHUS
TOYKHU Ha JMHUM). Mooynb GYHKINH Y XapaKTepu3y-
€T KOT€pEeHTHOCTh CUTHAJIOB, a (haza — (pa30ByIO CKO-

(14)

Y(xo’xl, f) =
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Puc. 8. YacToTHO-BOTHOBAsST KapTa CHCKTpaIIbHOﬁ IIJIOTHOCTU MOIITHOCTHU B J'[OI‘apHCbMH‘ICCKOM macuirabe: IIOCTPOCHLbI IMHUHU

YPOBHSI BEIMUUHBL P _, = 101g (I PI2 / | Plgnax). IITpuxoBoil 1MHUU COOTBETCTBYET (azoBas ckopocTb U, = 0.65U j» IYHKTHUP-

HBIM JIMHUSIM — CKOpocTs |U,| = c.

pOCTh pacTipocTpaHeHUsT Bo3MylieHni. OyHKIAS Y
BBIYMCIISITIACH OTAEbHO JIJISI TUAPOAUHAMUYECKON U
aKyCTUUYECKOI COCTaBISIONIUX MOJTHOTO curHaia. Ha
puc. 10 nprBeneHbl TMHUU YPOBHSI MOLYJISI QYHKLIMU Y
IJIsT 00eux KOMIIOHEHT CUrHajda, U BUIHO, UYTO MX
MPOCTPAHCTBEHHBIC MacCIITA0BI KOPPEJISIIINU B 00JI1a-
ctu cpegHux 4yactotr St =0.1...1.5 pelcTBUTETBHO
CPaBHUMBI IPYT C APYTrOM, YTO HE ITO3BOJISIET UCITOJIb-
30BaTh JUIS PA3ACIICHUS MYJIbCAllUA CTAaHIAPTHBIA
MOJX0, OCHOBAaHHBII Ha NMIPOCTPAHCTBEHHOMN (DUJIb-
Tpaluu.

Ha puc. 1la mokaszaH CIIEKTp ITOJIHOTO CUTHAja B
TouKe () ¥ CIIEKTPBI €T0 aKyCTUIECKOI 1 TUIPOIMHAMM-
YeCKOM COCTaBJISIONINX, IOJIyYeHHBIE ITyTeM YacTOT-
HO-BOJIHOBOM uibTpamu. Kak BUOHO, B 00JacTu
HU3KUX U CPEOHUX YacTOT JIOMUHUPYIOT T'MApPOAMHA-
MUWYECKME BO3MYIIEHMSI, B 00JIJACTU BBICOKMX — aKy-
crudeckye. OTMETHM, YTO B 30HE CAMbIX HU3KUX Ya-
CTOT mpolenypa GUIbTpAllMU HE SIBIASCTCS BIIOJIHE
TOYHOIT 13-3a KOHEUHOCTU IJIMHBI JIMHUM, Ha KOTO-
poii paccMaTpuBaeTCs IT0JIe ITyIbCalnii, KpOME TOTO,
caMo MoJie ITyIbCalyii SIBJISIETCS HEOMHOPOIHBIM IO
MPOIOJbHOI KOOpAWHATE, YTO TAKXKE MOXKET BJIUSITh
Ha TOYHOCTH pas3faejeHUusi BO3MYILIEHUI B JaHHOM
Toyke. TeM He MeHee, UMEHHO TaKoii crmocob obec-
rneyrBaeT HauboJiee JOCTOBEPHOE pasjiejicHue BO3-
MYIIeHUI, 1 fajiee MbI OydeM Ha3bIBaThb €TO “3TaJIOH-
HBIM” 1 UCIIOJIb30BaTh IJISI TECTUPOBAHUS pa3pabo-
TAaHHOTO “JIOKAJILHOTO” alTOpUTMA.

Ha puc. 116 mpuBeneHa oneHka (pa3oBoif CKOpo-

CcTH Tyabcaumii U,, BBITIONIHEHHas MO ¢a3e Kore-
PEHTHOCTH CUTHAJIOB B JIByX TOYKax / U 2, pacIiojao-

>KEHHBIX BOM3U ToOukU 0 (st Touku I: X; = X, — 0.1,
IUTSL TOYKU 2: X, = X, +0.1):

2nf D(¥, - X))
3Tg[7(x1>x2af)]-

CKOpOCTb aKyCTUUECKHUX BO3MYIIIEHUM, JOMUHU-
PYIOIIIUX Ha BBICOKMX YacTOTaX, MPEBBIIIACT CKO-
pocThb 3ByKa: oHa coctaBisieT 500 m/c u 6oiee. CKo-
pPOCTb TMAPOAMHAMUYECKUX BO3MYILIEHUI COCTaBJIsSIET
okoyio 0.65U; B obnacT MaKCMMyMa UX CIEKTpa U,
BOOOIIIe TOBOPSI, 3aBUCUT OT YaCTOTHI, T.€. UMEET M-
CTO IHCIIepCcHs. DTa 3aBUCUMOCTh MOXET OBITh TTPH-
OJIMKEeHHO onucaHa (popMyJioit

U, (xp, f) = uy +
+(0.65U ; — uy)(1 —exp(—(f/ f)")),
rae u, = 50 m/c, f, = 1.4 xl1.

Uclxo, f) = (15)

(16)

B mipemaraemoM B HacTosIieil paboTte MeTome
pasneneHus MyIbCcaiii X KOHBEKTUBHAsI CKOPOCTH
MIpEeAIoiaraeTcs He 3aBUCSIIEH OT 9aCTOThl — UMEHHO
3TO 0OCTOSITETHLCTBO ITO3BOJISIET PEaTU30BaTh IPOIIe-
Iypy (4) B pealibHOM BpeMeHU. BeipaxkeHue (16) 1mo3-
BOJIUT OLICHUTh, HACKOJIBKO CUJIBHO MPEIITOIOKEHNE
O MOCTOSTHCTBE CKOPOCTH ITYJIbCAIINIA BIUSIET Ha TOU-
HOCTb WX BBIACIICHUS. YUeT OUCIIEPCUM THUIPOIMHA-
AKYCTUYECKUM KYPHAT Ne 6
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Puc. 9. [1pocTtpaHCTBEHHO-BPEMEHHBbIE KapThl MOJIsI MyJIbcalluit naBaeHust p(x,t): (a) — UCXOMHBIM curHai; (0) — ruaponrHa-
MUYECKast COCTaBJIstolIast; (B) — aKyCTHYeCKasi COCTaBJISIONIAs.
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St
)

Puc. 10. JIluaum ypoBHS |y| = 0.85 st I — TMAPOAMHAMMWYECKOUN U 2 — aKyCTUIECKO KOMIIOHEHT CUTHAJA.

0.1 1 10
St

0.01

(©)
10000

@ SH% W™

1000

U.,m/c

100

Puc. 11. (a) — CriekTpbl curHaja B Touke 0: [ — cyMMapHBIii CITIEKTp, 2 — aKyCcTUYeCcKasi KOMITOHEHTa, 3 — TUIPOAMHAMUYeCcKast
KOMTIOHEHTa; (0) — ¢ha30BbIe CKOPOCTH BO3MYIIIECHU B TOUKe () [ — OlleHKa Ha OCHOBAHWH (pa3bl B3AMMHOTO CIIeKTpa, 2 — 1~

Hus U, = 500 m/c, 3 — munus U, = 0.65U ; =120 m/c, 4 — OLEHKa CKOPOCTH TMAPOAMHAMUYECKUX BO3MYLLCHUHI Ha OCHOBE

SMITUPUYECKOI 3aBUcUMOCTH (16).

MUYECKUX BOJH MOXKET ObITh peajiM30BaH TMpU MOCT-
00paboTKe CUTHAIOB, eciiu Ipolienypy (3) U cooTBeT-
CTBYIOIIYIO €ii MUCKPETHYIO Bepculo (4) peasim3oBaTh
JUTST OTAENBHBIX (pypbe-rapMOHUK S(X, f) UCXOMHO-
ro cuTHamna s(x,?), UCTIOIb3ys UIST KaxkKIOi TapMo-
HUKHM COOTBETCTBYyIOIllee ei 3HadeHWe (ha3oBoit
ckopocTtu (16):

Hxo,) = [ | SN =30y o e dr. (17)
0

Ax

Ha puc. 12 moka3aHbl BpeMeHHBIC pealn3allii
WCXOTHOTO CUTHAJIA B TOUKE (), €T0 TUApOAMHAMMUYIEC-

CKOIi COCTaBJISIIONIEH, ONMPEeaEeICeHHO HAa OCHOBAaHU
YaCTOTHO-BOJHOBOM dubTpauuu (12), ruaponrHa-
MMWUYECKOMN COCTaBJISIONIEH, ONMPEACTICHHON C TTOMO-
IIbI0 MpeaIaraeMoro B JaHHOU paboTe JIOKAJTbHOTO
MeTtona (3) (B IIpeaIooXeHNN ITOCTOSTHHOM CKOPO-
CTU KOHBEKIIMY BO3MYILEHUIT), X C TIOMOIIIBIO BapU-
aHra (17) aToro MeTona, yYuTHIBAIOILIETO JUCTIEPCUIO
BOJH. YK€ M3 COIIOCTABJICHUSI BPEMEHHBIX UCTOPUIA
CUTHAJIOB BUAHO, YTO METOJ YacCTOTHO-BOJIHOBOM
dunpTpanuu odecriedynuBaeT Haubosee TouHoe (“3Ta-
JIOHHO€”’) BBIACJICHNE TUAPOINHAMNYECKOM COCTaB-
JIstioneit, a meton (3) mokasbIiBaeT 3aMETHbBIE HU3KO-
YaCTOTHBIE OTKJIOHEHHUSI OT 3TAaJJOHHOIO pe3ysbTaTa.
AKYCTUYECKUWH XYPHAII Ne 6
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Puc. 12. BpemeHHbIe peain3alinu Imyabcallvii [aBieHUs B TOUKe (: | — CyMMapHBIi CUTHAIT, 2 — TUAPOAUHAMUYECKAsT KOMITO-
HEHTa, BOCCTAHOBJIEHHASI C TIOMOIIIBI0 YaCTOTHO-BOJTHOBOM DUIIbTpalivu; 3 — THAPOIMHAMUYECcKas KOMITOHEHTa, BOCCTAHOB-
JIEHHasl ¢ TOMOIIIbIO BeIpaxkeHUs (17) (C yuyeToM Aucrepcrn); 4 — ruipoAMHaMuyeckasi KOMIIOHEHTa, BOCCTAHOBJIEHHAsI € T10-

Molbio BepaxeHust (3) (mpu U, = 0.65U ;).

Vyer nqucnepcun npuOIMKaeT pe3yJbTaT K 3TaJOH-
HOMY, OJHAKO HU3KOYACTOTHBIC KOJIEOAHUS TTOTHO-
CThIO HE YCTPAHSIIOTCSI.

VkazaHHbIC KaueCTBEHHBIEC BHIBOABI ITOATBEPXK/Ia-
FOTCSI KOJTMYECTBEHHBIM aHAJIM30M CIIEKTPOB U Iepe-
JIaTOYHBIX XapaKTePUCTUK UCIIOIb3yeMOTo (PUIIbTpa,
noKa3aHHBIX Ha puc. 13. Ha pmuc. 13a mpuBeneHBI
CIIEKTpBbl MyJbCallMii IJISI MOJTHOIO CUTHajJa U €ro
TUAPOAUHAMUYECKON COCTABJISIOIIECH, MOJYYEHHOMU
TpeMs YKa3aHHBIMU BBIIIe criocobamu. Kak BumHO,
o0a BapuaHTa METO/1a JIOKAJbHOTO pa3AaeeHUSI ITyIb-
caluii 00ecIieuBalOT KOPPEKTHOE BOCCTAHOBIICHHE
CIIEKTpa B JOCTATOYHO IIMPOKOM IMAIIa30HE YacCTOT
(mMpuOAM3UTEBHO B IIpeAeax OJHOM NeKaabl, Tae
St =0.2...2). B o61acTu HU3KKUX YaCTOT HaOJtoHaeTCsI
3aBBIIIIEHNE CUTHaja, IpUYeM [JISI BapMaHTa C IO-
CTOSTHHOI CKOPOCTBIO KOHBEKIIMM OHO ITPEBBIIIACT
10 nb ipu St < 0.1. Yuet gucnepcuu yaydliaeT Kadye-
CTBO BOCCTAHOBJIEHUSI, OMHAKO Pa3Indre C 3TAIOH-
HBIM CIIEKTPOM, IOJIydEHHBIM 4YaCTOTHO-BOJHOBOI
dunpTpanueit, octaercs 3aMmeTHbIM (~5 n1b Ha HU3-
KMX 9acToTax). B BeICOKOYACTOTHOI 061acTu “Iiy-
OnHa” KOPPEKTHOTO BOCCTAHOBJICHUSI TUAPOIMHA-
MUYECKOIl KOMIIOHEHTHI (IMHAMWYECKWII OMana3oH
MeTona) Ha (oHE DOMUHUPYIOIIEH aKyCTHYeCKOM
cocTasJisieT okojo 15 nb. BoccTaHoBIeHHE BBHICOKO-
YaCTOTHOI 00JacTu CHEeKTpa TUAPOAUHAMMNYECKUX
BO3MYIIEHUIT BaXKHO C TOUYKM 3pEHUS 3a0a4 aKTUBHO-
ro IoAAaBJICHUS IITyMa B3aUMOJIEICTBUS CTPYU U KPbI-
Jla B 00JIaCTH 3KpaHUPOBAHUS MPSIMOTO U3Ty4YCHUS
ot ctpyu [11], rme BKJIag UMEHHO JaHHOM YaCTOTHOM
30HBI MOXET OBITH onpeaesiomuM. OTMETUM, 4TO
JTUHAMUWYECKU TUaIia3oH OMpeaesieTCss COOTHOIIIE-
HUEM (pa30BBIX CKOPOCTEM TMAPOAMHAMMYECKHX U
aKyCTUYECKUX BO3MYIIeHUN (cM. (8)), KoTopoe mist
pPacCMOTPEHHBIX YCIOBUI SIBISIETCSI TOCTATOYHO
yMepeHHBIM (oKouo 1/5). IIpu paccmorpeHuu 6osee
MEJIEHHBIX TMOTOKOB, B KOTOPBIX 3TO OTHOIIEHUE
MoxeT nocturath 0.1 U MeHee, TOUHOCTb PabOTHI
MPEII0KEHHOTO METOoAa OyIeT BHIIIIE.

bonee mnonHO KapTMHa pPabOTOCHOCOOHOCTH
MPEMIOXKEHHOTO aJITopUTMa oTpaxeHa Ha puc. 130,

AKYCTUYECKMU XYPHAJI  Tom 69 Ne 6 2023

I7e Mokas3aHa IojHas nepenatouyHass GyHKuus L,
paccumMTaHHasI IO OTHOIIEHUIO CIIEKTpa BBIXOHA K
cnekTpy Bxoaa (L, =20 lg|Y / S|), a Takxke paznuy-
HBbIE ACUMIITOTUYECKHE OIIEHKU, TTOSICHSIONINE 0CO-
O6eHHOCTU QYHKIMU L, U WX CBA3b C GU3NYECKUMU
adpdexkramu u 3dpdexkramu oopadoTku. ITocKombKy
YaCTOTHO-BOJIHOBAST (DUIIBTPAIIs ITOKA3BIBAET, YTO B
00J1aCTM HU3KUX YaCTOT AJOMUHUPYIOT THMAPOIUHA-
MUYECKHe ITyTbCalliy, a B 00JIaCTH BBICOKMX — aKy-
CTUYECKUE, TO MOXKHO OKMIAaTh, YTO, B COOTBETCTBUU
¢ Mozenbto (8), L, Oyner onpenessiTbCsi COOTHOLLE-
HUeM (6) 11 HU3KKX 4aCTOT U COOTHOIIeHUEM (9) —
IIJIST BEICOKMX. B KauecTBe KOHBEKTMBHBIX CKOPOCTEM
MyJIbCallUii MPU TEOPETUUECKUX OLICHKAX ObLIN MPU-
HSITBI TIOCTOSTHHBIE 3Ha4YeHust U), = 0.65U; = 120 m/c

nU, = 500 m/c. Ha BBICOKMX YacTOTax IEVCTBUTENb-
HO HaOJII0IaeTCsl XOPOIlee COOTBETCTBUE C MOAEIbIO
(9) — 3mech mepenarouyHass (GYHKINS IIOJTHOCTHIO
onpenensieTcsl BKJIAAOM aKyCTMUYECKUX ITyJIbCalivii.
Ha Hu3kux e yactorax mnepematoyHas (GpyHKIIMS
CYILLIECTBEHHO OTKJIOHSIETCSI OT pac4YeTHOTO 3Haye-
HUSI, YTO COOTBETCTBYET BUAMMOMY Ha puc. 13a 3a-
BBHIIIIEHUIO BOCCTAHOBJIEHHBIX TMAPOIMHAMUICCKIX
CIIEKTPOB. YUET IUCIIEPCUHU ITPU OOIIEM YIydIICHUN

noBeAeHus1 [, Ha HU3KUX 4YacCTOTax HE yCTPAHSET
MOJIHOCTBhIO BUAMMOE pacxoxiaeHue. AHaJIU3 MoKa-
3bIBA€T, UTO HM3KOYACTOTHOE 3aBbIIlIEHUE BOCCTa-
HOBJICHHOM C TIOMOIIBIO MPEMIOXEHHOIo MeToAa
TUAPOAUHAMUYECKON COCTaBJISIONIE CUTHaa CBSI-
3aHO C HapYILIEHUEM TUIIOTE3bI O “BMOPOKEHHOCTU”
BO3MYyILIeHUI. JlelicTBUTENIbHO, JaXKe MPU pacCMOT-
PEHUM TOCTAaTOYHO OJIU3KUX ToueK [ 11 2, pacCTOSTHUE
MEXIY KOTOPBIMU cocTaBiisieT Ax = 0.2D, KOrepeHT-
HOCTb MEXIy HUMM BCE XK€ MeHble 1 1 cocTaBiisieT

okoo [yl = 0.97 B 06nacTi HU3KKX YAcTOT (puC. 14).

OueHuM BustHUE 3 PeKTa MoTepu KOTepeHTHO-
ctu. Eciin Ha Bxon ¢uibTpa (4) mmomaTh ABa eQMHUAY-
HBIX HEKOPPEJIMPOBAHHBIX APYr C IPYrOM CHUTHalIa,
TO €r0 aMIUTUTYTHO-9aCTOTHAS MiepeaaTouyHast pyHK-
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Puc. 13. (a) — CnexkTpsl curHajia B Touke () (HyMepalust KpUBBIX COOTBETCTBYeT puc. 12); (6) — nmepenarouHbie pyHKumu: 1 —
nepenaroyHas ¢byHkuus Ly (6e3 yyeta nucnepcun), 2 — nepenaroyHast GyHkuust Ly (C yyeTom aucriepcuu), 3 — TeopeThyeckast
HUM3KO4ACTOTHAs acUMIITOTHKA (19) ¢ yueToM addekra notepu KorepeHTHOCTH (TpH [y = 0.97), 4 — TeopeTHyecKast HU3KOYACTOT-
Hasi acMMITTOoTHKa (8), 5 — TeopeThyeckasi BRICOKOYaCTOTHAs acMMITOTUKA (9), 6 — BKiIan addekTa norepu KorepeHTHocTH (18).
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Puc. 14. Monaynb KOTepeHTHOCTH JIJISI CUTHAJIOB B TOUKax [ u 2.

- -2
ousl IpUMET BUI |W|2 = (\/EN,, sin(%))) , U3 4Yero

CJIe[lyeT, YTO OHA HEOTPAHMYEHHO BO3pACTAeT MpPU
® — 0. B HameMm ciiyyae MHTEHCUBHOCTb HEKOppe-
JIMPOBAHHOTO CUTHAJIA B OOLLEM YPOBHE OTIPEIE/ISAET-
cs1 3HaueHueM 1 —|yl, a sHaumT, 2(hdekT norepu Kore-
PEHTHOCTH JaeT CJIECAYIOLUINIA BKJIAJ B IT€PEIATOYHYIO
dyukumio L,

-]y

nfs]

Ly, = (18)

a HM3KOYACTOTHAsI aCHMMIITOTHMKA IIOJIHOM Ilepena-
TOYHOM (PYHKIIMU MOXKET OBITh 3alTMcaHa KaK

1=+ 2y sin? (%)

]

CoOoTBeTCTBYIOIIIME OLIEHKU 1151 3 dekTa morepu
KOTePEHTHOCTHY OKa3aHbBI Ha pUC. 130 1 OHU IT03BO-
JISTIOT KOPPEKTHO OIMMCATh JAHHBIC BBIYMCIMTEILHO-
ro 9KCIepUMEHTA.

(19)

LY|QH0 =101g
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Takum o6pazoM, WISt IPEMIOKEHHOIO JIOKATLHOTO
criocoba BbIIECICHUSI TUIPOAMHAMUYECKOM COCTaB-
JISTIONIE CUTHAJIa UMEIOTCS €CTECTBEHHbBIE OrpaHu-
YeHUsI, MO3BOJISTIONINE eMy KOPPEKTHO paboTaTh B
KOHEYHOM YaCTOTHOM auana3oHe. B oGrnactu Hu3-
KMX 4aCTOT ero paboTOCIIOCOOHOCTh OrpaHUYEHA IT0-
Tepeil MPOCTPaHCTBEHHOI KOTepEeHTHOCTU CUTHAJIOB
B JIBYX paccMaTpuBaeMbIX Toukax. COOTBETCTBYIO-
I1asi TpaHuIa MOXET OBITh OIpeae/ieHa C UCIIOIb30-
BaHMeM BbIpaxeHus (19). B obmacTu BBICOKMX 4a-
CTOT pabOTOCIIOCOOHOCTh METOJA OIpaHUYMBACTCS
yacToToit cpesa puiabrpa (6). HakoHel, cyiecTByeT
o011ee orpaHMYeHWe Ha AUHAMWYECKUI OMAna3oH
METOJIa, CBSI3aHHOE C COOTHOIIEHMEM pa3iudus
MOIIIHOCTEM aKyCTMUYECKOW U TUAPOIAMHAMUYECKOM
COCTaBJISIONIEC U pa3nuuns uxX (a30BBIX CKOPOCTE
(cMm. (8)) — yeM OosbliIe pa3IMyYalOTCs CKOPOCTU KOH-
BEKIIMU IBYX TUITOB BO3MYILEHUI1, TEM OOJbIIIEC A1~
HaMMWYECKUIT Auara3oH METoaa.

4. BAKJIITOYEHHME

B pabGore npemioxkeH HOBBIN CITOcO0 pas3aeaeHus
3BYKOBBIX U IICEBIO3BYKOBBIX MYJIbCallMii, OCHOBaH-
HBI Ha aHAJIN3€ CUTHAJIOB B OJIM3KOPAaCITOI0KEHHBIX
TouKax. OTIUMUYUTEILHON OCOOEHHOCTBIO crocoda
SIBJISICTCSI MaJIbIiA pa3Mep U3MEPUTEIbHOI 30HBI: OH
MHOTO MEHBIIIe MacIuTadba KOppeasIInn TICEBIO3BY-
KOBBIX Bo3MyllleHUii. Crtoco®0 OCHOBaH Ha JOIIyIEe-
HUM O TOM, YTO TUAPOIMHAMMYECKUE MYJIbCallU
MOMYMHSIIOTCS MOAEIN “BMOPOKEHHBIX” BO3MYIIIE-
HUIA, YTO TTO3BOJISIET B pPeXXUME PealbHOTO BpeMEeHU
npeobpa3oBaTh HPOCTPAHCTBEHHYIO IIPOU3BOIHYIO
CHUTHAJIa BO BpeMEeHHYIO, KOTOpasI IOCJIie MHTETPUPO-
BaHHUSI 1O BPEMEHM HAeT OLICHKY IICEBIO3BYKOBBIX
Bo3MylleHuii. C IMoMoIIbI0 pa3pabOTaHHOM Teope-
TUYECKOM MOJIETH TTPEAT0KEHHOTO TTOIX0a M Ha OC-
HOBAHMUU pe3yJIbTaTOB €ro TeCTUPOBAHUS Ha MO-
JIEeAbHBIX IPUMEpax M peaIMCTUYHBIX CUTHAaJIaXx,
COOTBETCTBYIOIINUX BO3MYILICHUSIM OJIMKHETO I10JIsI
TypOYJICHTHOM CTpyU, TMpoBeleH aHanu3 3PdeK-
TUBHOCTH M IpaHUL NpUMeHUMOoCTU MeToda. IToka-
3aHO, YTO B 00JIACTY YMEPEHHBIX YACTOT MPEIJIOXKEH-
HbI{ METOoHd IMO3BOJSIET C NPUEMJIEMON TOYHOCTBHIO
BBIACIISTh TUAPOAMHAMUNYECKYIO COCTABJISIIONIYIO U3
MOJIHOTO CUTHAaJIA.

ABTOpPBI BeIpaxatoT 6arogapHocth B.®. KomnbeBy
3a BHMMaHME K paboTe U IoJie3Hble OOCYXIeHUs, a
Takke M.A. CotHIIeBY 3a IIOCTPOEHUE PaCUYEeTHOI CeT-
KM JIJT TPOBEAEHUST YMCIEHHOTO MOIECIMPOBAHMSI.

B pabore ucronb3oBaHbl JTaHHBIE W3MEPEHUIA,
poBeleHHbIX Ha 6a3e YHY “3arnymeHHast Kamepa ¢
notokoM AK-2” ®AY LATI'U, mMomepHU3UpyeMOii
npu Tnoaaepxke MUHUCTEPCTBA HAYKU U BBICILIETO
obpazoBaHus Poccuiickoit @enepaliuu Mo coraiie-
Huo Ne 075-15-2022-1036.
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