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Hccnenyorcst 0coOO6HHOCTU (DYHKIIMU B3aMMHOM KOPPEISIIUU JIMHEHHO 4aCTOTHO-MOMYJIUPOBAHHOTO
CUTHAaJIa, OTPAXXEHHOTO OT Bpalllalolerocsi BUHTa, ¢ U3JIy4YeHHO peTinKoii curHana. B monyyaemoii Kop-
PENAIMOHHOM (DYHKIIMU TTOMUMO OCHOBHOTO TTMKa, COOTBETCTBYIOIIIETO BpEMEHU PAaCIIPOCTPAHEHMS CHUT-
HaJla 10 pacceuBaresiss U B 0OpaTHOM HampaBJIeHUU, HAOJIIONAIOTCS JOTIOJIHUTEIbHbIe NH(OPMATUBHbBIE
MaKCMMYMBI B BUJIE MYJIBTUILJIETOB, IIPUCYTCTBUE KOTOPBIX OINPENeIsieTCsl paccesiHUeM 3ByKa Ha Bpallialo-
memMcsi BUHTe. [lapaMeTpbl HOIOJHUTENBHBIX MaKCUMYMOB 3aBUCSAT OT XapaKTEPUCTUK pacceuBaTelisl
(TaJIBHOCTHU IO BMHTA, YaCTOTHI €r0 BpaIlleHUsI, KOJIMYECTBa JIOTACTeil, OpUEHTAIIM OTHOCHUTEJIbHO Ha-
npapiaeHus ooaydeHus ). [lpuBoasiTcs pe3yabTaThl YUMCISHHOTO MOJASIMPOBAaHUS, a TAKXKe 00pabOTKU DKC-
MepUMEHTAIBHBIX TaHHBIX. [ToJlydueHHbIe pe3yIbTaThl YKa3bIBalOT Ha BO3MOXKHOCTb MCITOJIb30BaHUS J10-
MMOJITHUTEJIbHBIX TTMKOB KOPPEJISILIMOHHON (hyHKIIUM B KayeCcTBe MH(OPMATHBHOTO MapaMeTpa IMpyu UIeHTU-
(ukamm Bpamamomerocss BUHTA.

Karouesbvie crosa: paccestHue 3ByKa, BpaIllaOIIAICS BUHT, KOPPEISIIIMOHHAst 06paboTKa CUTHAJIOB, JIMHE -

HO YaCTOTHO-MOJIyJTUPOBAHHbBIN CUTHAT
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1. BBEAEHHME

3amaun, CBSI3aHHbBIE C MCCIIEOBAaHUEM aKyCTU4e-
CKHX CBOMCTB IpPOILIECCOB, OOYCJIOBICHHBIX Bpallle-
HMEM BUHTa, XOPOIIO U3BECTHBI U3 JIUTepaTyphl [1].
BonbmHCTBO paboT MOCBSIIEHO 3agadyaM TeHepa-
LIUU 3ByKa BpalllaloliuMcs BUHTOM [2, 3], a TakxKe
HCIOJIb30BaHUIO PETUCTPUPYEMEBIX CUTHAJIOB B 3aa-
yaxX IIaCCUBHOIO WJIM aKTUBHOTO OOHApYKCHWUS,
UICHTU(PUKAIIMA U TPAaeKTOPHOIO COIIPOBOXICHUS
pa3JIMYHBIX aIlIlapaToB ¢ HECYLIMM BUHTOM WJIN TsI-
HYIIUM/TOJIKAIOIIM I1ponesiepoM [4—7]. B mocnen-
Hee BpeMsl MMoA0OHOro poda 3aJadyr CTajJu OCOOEHHO
aKTyaJbHBI B CBSI3W C IIMPOKHMM WCIIOJIb30BAHUEM
OeCcImIOTHBIX JieTaTenbHbIX armapatoB (BITJIA) [8].
IToBceMecTHOE MCTOIb30BAaHUE CPABHUTEIBHO HEIO-
porux BIIJIA Tpebyer pa3pabOTKM METOOOB WX Ha-
JeKHOM MIeHTU(UKAIIMU, OCOOEHHO B CIIy4JastX, KO-
rna u3-3a Hebobiux pa3MepoB BITJIA TpanguiimoH-
HBIE METOIbl CTaJIKMBAIOTCSI C TPYOHOCTSIMMU.
Hanpumep, B akTHBHOM peknMe oOHapy:KeHUST Ma-
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norabaputHeie BITJIA oka3pIBaeTCsS CIOXHO OTIIM-
4yuTh OoT nTull [9]. Cpenn pa3zBUBaeMbIX B HACTOSIIEE
BpeMsI MeTonoB ooHapy:keHus1 BITJIA MoxHO BbIme-
JINTH TTACCUBHEBIE TTOAXOAbI, OCHOBaHHBIC Ha TIpUMeE-
HEHUM UCKYCCTBEHHBIX HEPOHHBIX CETSH 1 MAIIIH-
Horo ooyuyenud [10, 11]. B Tex 3amauax, Korma BXoOJ-
HOE OTHOIIIEHWE CUTHAJI/TIoMeXa HeAOCTATOUHO IS
peanu3aliiyi TAaCCUBHBIX METOHOB, aJlbTepPHATHBOI
UM MOTYT CTaTb aKTUBHBIE CXEMbI, B KOTOPBIX OCY-
LLIECTBIISIETCS U3IyYSCHUE U MTOCISAYIOIINIA TPUEM OT-
paxkeHHBIX cuTHaNOB [4]. UccnemoBaHIo 0COOEHHO-
cTeil oTpaXkeHUs 3JEKTPOMATrHUTHBIX BOJH OT Bpa-
IIAFOIIETOCS BUHTA MOCBSIIEHBI padoTh! [12, 13], rme
aBTOPHI HAGIIOJAIOT B CIIEKTPE PAaCcCesTHHOTO CUTHAJIA
XapaKTepHbIe TAPMOHUYECKUE COCTABIISIIONINE, CBSI-
3aHHbBIE C YACTOTOI BpallleHWsI BUHTa. B akycTuue-
CKUX 3aJlayaxX aHaJIOTUYHOE SIBJICHWE BO3HUKHOBE-
HUS JOTTOJIHUTETbHBIX TADMOHMK B CIIEKTPE CUTHAJIA,
OTPaKeHHOTO OT BpAIAIOIIETOCsI BUHTA, SKCIEPH-
MEHTAJIbHO HaOJI0JAI0Ch TIPY U3MEPEHUSIX B TUIPO-
Oacceiine [ 14]. B kagecTBe MHPOPMATUBHOTO ITapaMeT-
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pa, IeMaCKUPYIOLIETo MPUCYTCTBUE BpallaloIIerocst
BUHTA, aBTOPHI [ 14] paccMaTprBaioT aMITIATYTHYIO MO-
IYJISIUI0 OTPask€HHOTO CUTHAJIa, KOTopasi B ompele-
JICHHOM Mepe aHaJOTMYHa aMIUTUTYIHOI MOIYJISIIVH,
BO3HUKAIOIIEH IMPH OTPaKeHUM TUAPOAKYCTUUECKIX
CHUTHAJIOB OT B3BOJIHOBaHHOI moBepxHOCTH [15].
I1pu 3ToM aBTOpHI [14] OorpaHMYMBAIOTCSI aHATTM30M
SKCIIEPUMEHTAJBHBIX PE3YIbTATOB, 0€3 MX AeTaTbHO-
ro TEeOpeTUYECKOTo oOocHOBaHWS. PaccMoTpeHme
psaa TeopeTUUEeCKUX MpobiaeM GOpMUPOBAHUS aKy-
CTUYECKUX CUTHAJIOB, OTPaXXECHHBIX IBUKYIIAMCS
00BEKTOM, IPOBEACHO B padoTte [16].

Crenyetr OTMETUTD, UTO IJIsl MIPAKTUYECKOU pea-
JI3AlIMM METOJ0B OOHApyXKeHUsI, OCHOBAaHHbIX Ha
aHajiu3e OTPaXEHHbIX CUTHAJIOB, TpeOyeTcsl JocTa-
TOYHO BBICOKOE 3HAUYEHUE BBIXOJHOTO OTHOIIEHUS
cUTHaJI/TIoMexa S/N. B akycTuueckux 3agadax 3TO
SBJISIETCS IPUHIIMITUAIBHBIM BOIIPOCOM, T. K. B 00JIb-
IIMHCTBE MPAKTUYECKUX CITy4yaeB MPUXOIUTCI UMETh
JIeJIO C CYIECTBEHHBIMU YPOBHSMU LIYMOB, MacKu-
PYIOIIUX TTOJIe3HbI curHa. s oBbILIeHUS 3HaUe-
HUN S/ N B yCJIOBUSIX peajibHOTO 3KCIIEpUMEHTa B
HacTosIel paboTe paccMaTpuBaeTCs KOPPEISIIIMOH-
Hasi oOpaboTKa M3JIY4EeHHOro U MNPUHATOro (oTpa-
KEHHOTO OT BUHTA) cUTrHajioB. Mcmosb3oBaHuEe HE
CaMUX OTPaXEHHbBIX CUTHAJIOB, 4 UMEHHO (DYHKIIUU
B3aWMHO KOPPEJISILUU, SIBIASIETCSI OMHON U3 OCOOEH-
HOCTEeIl HacToseil paboThl, OTIMYalolleli ee OT pe-
3yJIbTaTOB, aHaJOTUYHbIX [12—14]. B KayecTBe 30H-
IUPYIONIETO CUTHAJIa WCITOJb3YeTCS 3apeKOMEHI0-
BaBIIM ceOs B 3amadyax OOHapyXeHWs JIMHEWHO
YaCTOTHO-MOAYyJIMpoBaHHbI curHan (JIYM) [17]. B
¢dyHK1MM B3auMHo Koppensiuuu (K®) nznydeHHOro
U ripuHsitoro JIYM-curHaaioB HOMMMO OCHOBHOTO T -
Ka, COOTBETCTBYIOIIETO BPEMEHU PACIPOCTPAHEHUST A0
paccevBaTesisi U B 0OpaTHOM HampaBJieHWM, HaOIona-
FOTCSI TOTIOJIHUTEJIbHbIE MH(MOPMAaTUBHbIE MaKCUMY-
MBI, IPUCYTCTBUE KOTOPBIX OMPEETSIETCSI pacCesTHUEM
3ByKa Ha BpaljamliieMmcs BUHTe. [IpucyTcTBre oc-
HoBHoro nuka K® yka3bsiBaeT Ha HAJIMUME paccerBa-
TeJisl, T.€. pellaeT 3aaa4y oOHapy>XKeHUsI; B CBOIO Oo4Ye-
pelb, HaJTU4Yue JOMOJHUTEIbHBIX MaKCUMyMOB KO
SIBJIsIETCSI MH(POPMATUBHBIM TTapaMeTPOM JIsI UACH-
TU(UKALIMU, YKa3blBAOIIMM Ha MPUCYTCTBUE Bpa-
IIAIOIIETOCs BUHTA.

CrpykTypa HacTosIle paboThl ciemyroinas. B
paznesie 2 IpUBOIUTCSI TEOPETUIECKOE OOBSICHEHUE
HaOII0JaeMbIX B 3KCIIEPUMEHTE PE3YJIbTaTOB, CBSI-
3aHHBIX C BOBHUKHOBEHUEM KpPaTHBIX (KOMOMHAIIV-
OHHBIX) YaCTOT B CIIEKTpE MOHOXPOMATHUYECKOTO
CUTHaJla, OTPa*KEHHOTO OT BpalllaloIIerocss BUHTA.
JlaeTcs TeopeTdecKoe 000CHOBaHNE HAOJIOJaeMbIM
ocobeHHOoCcTsIM K® B 3aBUCMMOCTHM OT IapaMeTpOB
3amaun. [daee, B pasnene 3 IpUBOASTCS PE3yAbTaThI

KOPOJIBKOB wu np.

YUCIEHHOTO MoaeanpoBaHusa. O0paboTKe 1 00CyK-
JEHUIO Pe3yJbTaTOB JIAOOPATOPHOTO IKCIEPUMEHTA
nocssIIeH pasgen 4. Utorm paboThl TTOIBOISTCS B
pasnene 5.

2. OCOBEHHOCTH ®YHKIHHA
B3AMMHON KOPPEJIALINN
JJUM-CUTHAJIA, OTPAXKEHHOI'O
BPAITAIOLLIMMCA BUHTOM

CxeMa aKCIepMMeHTa M0 U3MEPEHUIO B3aUMHOMI
KOpPEISILMU U3TyYeHHOTO U TIPUHSITOTO CUTHAJIOB
n3odpaxeHa Ha puc. la. Bpamaromuiicss BUHT 00J1y-
yaetcst JIYM-curnajiomM, oTpakeHHbBI CUTHAJT peTU-
CTPUPYETCSI, TIOCJIE YErOo BBIYUCISIETCS KOPPEISIIUS
MPUHSITOTO CUTHaja ¢ Tocklikoi. [ToMMMo OCHOB-
HOTO MUKa, IojiydyaeMasi KoppeJsinuoHHasi (pyHKIIMs
OyIeT UMeThb NTONOJHUTEIbHbIE MUKW, 00JIamaloliue
crieuMpUUYECKO CTPYKTYpoil B BUAE MYJIbTUILIETA,
KOTOpbIE OYAYT yKa3blBaTh Ha HAJIM4YME BUHTA. Takasi
crieuuduyeckast CTpykTypa sBiisieTcsi ”HQPOpMaTUB-
HBIM MMapaMeTpOM, YKa3bIBalOIIMM Ha HaJIU4ue Bpa-
1IAIOIIErocsl BUHTA, YTO, HAlIpUMEpP, MO3BOJISIET OT-
Juyath Majgopa3mepHbie BITJIA ot nTuil.

[MosicHuM pU3NYEeCKy0 NPUUYUHY BO3HUKHOBE-
HUSI [OOMOTHUTENbHBIX MakcumymMoB K®. Bymem
CUYUTATh, YTO MIPU 3aIaHHOM MOJIOKEHUU OCU Bpallie-
HUS BUHTA aMIUTUTY1a PACCESIHHOTO MOJISI 3aBUCUT OT
yIja noBOpOTa JIONACTE OTHOCUTEJIBHO HaIlpaBlie-
HUS PACHpPOCTPAHEHUSI 30HIAMPYIOLIETO CUTHaJA.
Hanpumep, eciii BUHT COOEpPXKUT OBE JIONACTH, a
3BYK PACIIPOCTPAHSIETCS HEPIIEHAUKYJISIPHO OCU Bpa-
LIEHUS, TO HauOOJbLIasl aMIUIMTYyda PacCEsIHHOTO
curHazia OyneT HaOIoaThbCs B TO BpeMsi, KOraa Jio-
MACTU PACMOJIOKEHBI NEPIIEHAUKYJISIPHO HAIpaBiie-
HUIO pPAcCOpOCTPAHEHUsI 3BYKa; COOTBETCTBEHHO,
paccesiHue OyAeT HaMMEHbIIMM, KOraa Jomnactu Oy-
IyT pacnoJyiaratbCsl BIOJb HAIIPABJICHUS pacIpoCTpa-
HEHUS Majaplleid BoaHbl. TakuMm oO6pa3oM, Ha ya-
CTOTE f MOCBUIKM ISl 3aJAHHOTO IOJIOXEHUSI OCU
BUHTA U 33JaHHOTO IOJOXEHUSI UCTOYHUKA KO3(d-
(ULMeHT OTpaxKeHUs CUTHaIa OT BUHTA €CTh (DYHK-
uust BpeMeHu R(f). 3aBUCUMOCTb OT BPEMEHMU ¢ BbI-
3BaHa BpalleHueM BuHTa. [lycTth F — yacTtoTa Bpa-
LIEHUsl Bajla Mmpomejiepa (BUHTa), a N — 4UCIO
Jjonacteil (OyneM cuuTaTh, YTO JIOMACTU OJAUHAKO-
Bble). B 3TOM cilydae MOXHO MOPEAIOJOXUTH, YTO
R(t) — nepuonuyeckass GyHKUMWS BpPEMEHU ¢ C TIEpU-

OJIOM l/ (NF ) IIpencraBum R(¢) B Bune psina ®ypbe:

R() = R, +iR,,, cos(2mmNFt +¢,,), (1)

m=1

C HeKOTOpbIMU Koaddulmentamu Ry, R, ¢,. Ecou
TOCHIJIKA TIPENICTaBIISIET COOO TApMOHNYIECKUIA CUTHAIT
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Puc. 1. (a) — Cxema 3KcriepuMeHTa 110 U3MEPeHMI0 (DYHKIIMM B3auMHOI Koppesauuu JIUM curHana npu o0JlydeHUM Bpaiia-
IOIIErocs BUHTA. XapakTepHblil Bux KO K (‘c) pu otpaxkennu JIYM-curHana ot Bpamiaolierocst Bunra: (6) — nmpu L > 8L,

(B) —mipu L < OL.

u;, (1) = Acos(2nft),

TO OTPaXEHHBIA curHai u.(¢) = u;,(f)R(f) conepxur
BKJIaZbl HA KOMOMHAILIMOHHBIX YacToTax [ + mNF:

u,(t) = AR, cos (2mft) +
+ %;Rm [cos (2n(f + mNF)t +¢,,) +
+ cos(2n(f —mNF)t—9,)].

Tenepp mmycTb MochUIKA U, (f) MPENCTABISET CO-
ooii JIYM-curHai ¢ MeaIeHHO MeHSIoIIEelicsT MTHO-

BEHHOI yacToToi f(f) = f, + bt:
u;, (1) = Acos(2n( fy + bt)t), 2)

TIe TMTOCTOSTHHAs b oIpenesisieT CKOPOCTb U3BMEHEHUSI
MTI'HOBEHHOI1 4aCTOTHI.

PaccestHue u;, (f) Ha IEpUOIMYECKY BpAIIAIOIIEM -
Ccd BUHTE MPUBOIUT K TOMY, YTO B KaXKAbIIA MOMEHT

BPEMEHU ! CIIEKTP OTPaKEHHOro curHana u,(tf) co-
IEPXKUT 4acToTy f(¢) 1 KOMOMHAIIMOHHBIE YaCTOThI
f@&)tmNF.

PaccMoTpuM (yHKIIMIO B3aMMHOUM KOppeasiiiu
U3JIyYEHHOTO U, (f) 1 OTPaXEHHOTO (3aperucTpupo-
BaHHOTO MUKPO(MOHOM) i, (f) CUTHAJIOB

u, (N, (t + 1)dt, (3)

-T/2
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rae T — BpeMsI 3alIUCU CUTHAJIOB. B oTcyTCcTBHE Bpa-
1eHus1 BUHTA (yHKIUSA K (T) OylneT UMETh €IUH-
CTBEHHBIM MUK HAa BPEMEHHOM 3alepXKKe T,, COOTBET-
CTBYIOLLEH NaNbHOCTU L O OTpaXarolleil MOoBEpXHO-
ctu: L = c'c*/ 2, TOe ¢ — CKOpPOCTh 3ByKa B cCpelne
(TIpeamnoJiaraeTcsi, YTo cpefa pacnpocTpaHeHUsl Tpe-
CTaBJISIET COO0I OMHOPOIHYIO, CTALIMOHAPHYIO CPEy CO
CKOpOCTBhIO c). BpaleHue BMHTa HNPUBOIUT K BO3-
HUKHOBEHUIO B CIIEKTPE MPUHSITOTO CUTHAJIA AOIOJI-
HUTEIbHBIX 4YacToT Buma f(t)*mdf, &f = NF. B
9TOM cjiydae B MHTerpaje (3) MosSBATCS HOMOIHU-
TeJIbHBIE TMKK Ha BPEMEHHBIX 3aIepXKKax T, + 0T, Co-
OTBETCTBYIOIIIME TeM parMeHTaM MpPOU3BeACHUS
MOABIHTETPAJILHOTO BBIpaxXeHUs B (3), IJISI KOTOPBIX
MT'HOBEHHBIE YACTOTHI COBIanaloT. MakTU4IeCKu, 3TO
03HAYAET, YTO COBUI 110 YACTOTE Ha Of B IIPUHSITOM
curHajue u,(f) cooTBeTcTByeT ciBury B K@ mno nepe-
MEeHHOI T Ha 8T = &f /b. B mrore, ecim oCHOBHOI

Kk K® K (T) cooTBeTCTBYET NAIbHOCTH 10 LieaH L,
TO BpallleHMEe BUHTA IMPUBEACT K (DOPMUPOBAHUIO 10-
TTOJIHUTEJILHBIX MUKOB, CMELIEHHBIX APYI OTHOCHU-
TeJIbHO ApYra I10 JaJIbHOCTU HA BEIMYUHY

5 = Ot _cdf _ cNF
2 2% 20

Ecnu B KaxXXnplii MOMEHT BpEMEHM HaOII01al0TCs
CUTHAJIBI C MTHOBEHHBIMU YactoTamu f(¢), f(t) + of,
f () — &f , TO KOPPENSLIMOHHBIN MUK OYIET IIPEACTaB-
JIITH coboi TpuiuieT. B paccmarpmBaeMoM ciydae
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MPUCYTCTBUS B CHUTHajle u,(f) KPaTHbIX 4YacTOT
f(t) £ mNF Gynet HabmOIaThCSI MYJIbTUTLIET.

B 3aBuCHMMOCTH OT MapaMeTpPOB U3Iy4aeMOTO CUT-
HaJla MOXHO BBIJIEJINTH IBa pPeXUMa 30HIUPOBAHUS
(TIpearionaraeTcs, YTO MOXHO pealu30BaTh U TOT, U
IPYTOii IyTeM Moa0bopa COOTBETCTBYIOIIEH TTOCHITKH

Uiy (1)):

1. JlanpbHOCTB 10 1eau L MHOTO OOJIbIlIe CMEIle-
HUs 110 ganbHoCcTH O0L: L > ¢NF / 2b. I1pu stom KO
JIYM-curHamna, oTpak€HHOIO OT IIponeuiepa, UMeeT
XapaKTEPHBINA BUM, IOKa3aHHBIN Ha puc. 10. Jlomoi-
HuTtelbHbIe TMKU K® B 3TOM cllydyae 10KaIu30BaHbI
BOJIM3M OCHOBHOTO MaKCHMMyMa, 4TO MOXET OJiaro-
MPUSITHO CKa3bIBaThCS Ha €T0 OOHApYKEeHUU Ha (pOHE
IITyMOB.

2. JanbHOCTH 10 1iead L MHOTO MEHBIIIE CMEIIe-
HMS TT0 JajabHOCTH O L. XapaKTepHBIiA ISl 3TOTO CIIy-
yas Bua K® nzobpaxeH Ha puc. 1B. I[Ipu3HakoM pa-
60Tbl BUHTA IIPpU TaKOM PEXKMME 30HAMPOBAHUSA AB-
JIIETCS TIOSIBJICHHME MHOXECTBAa HONOTHUTEIBHBIX
MakcuMyMoB K® B o61acTé OoTpHULIATEIbHBIX Bpe-
MEHHEIX 3aiepKeK (CM. puc. 1B), mpudeM IIpu abco-
JIIOTHBIX 3HAYEHUSX 3TUX 3aIepKeK, CYIIeCTBEHHO
MpEeBbIIAIIMX T,. B ciayyae mokosierocsi BUHTa
muku K® Ha oTpuLaTebHBIX JATLHOCTSIX, T.€. pac-
CTOAHUAX, COOTBETCTBYIOLIIMX OTPULIATEIbHBIM Bpe-
MEHHBIM 3a/iepKKaM, He HaOJII0Aal0TCsl.

CremyeT OTMETUTh, YTO OOJIACTh JIOKAIW3allUU
nmkoB K® K (T) BIOJIb LIKaabl BDEMEHHBIX 3a1ep-
XeK T OyneT Takke ornpenenasaTbes addexrom lormne-
pa, CBI3aHHEIM C OTpaxkeHMEM CHUTHajla KakK OT Bpa-
IIAIOIIMXCS JIOITAacTeld BUHTA, TaK M OT KOpITyCca IBU-
xymerocss BITJIA. AHanuThdeckoe BBIpaXKeHHE ISt
MOHOXPOMAaTHUYECKOIO CUTHAJIa, OTPAXKEHHOI'O OT Bpa-
IIAIOIIIeTocs BUHTA, MOXXHO HaliTh B paboTtax [18, 19].
OCHOBHOI 1IEIbI0 HACTOSIIIEH pabOThI SIBISIETCS MC-
cJIeIoBaHWE CTPYKTYPHI TOMOJTHUTEIbHBIX TTMKOB KD,
BBI3BAaHHBIX IIPUCYTCTBUEM B OTPAaXCHHOM CHUTHaJie
KOMOWHALIMOHHBIX YacToT Buga trmNF, m =1,2,3... B
CBSI3U C 9TUM, IIPU IIPOBEICHUN HATYPHOT'O 9KCIIePH-
MEHTA YCJIOBUS BEIOMPAJIMCH TaK, YTOOBI YMEHBIIINTh
pausgHue a3 dekra Jonmepa. I1pn ayncieHHoOM Moze-
JIMPOBAaHUM 3TOT 3P(PEKT TakKKe HEe pacCMaTpUBaeT-
ca. Yuer a¢ddekra Jlomepa MoBhIIACT 00bEM HC-
XOITHBIX JaHHBIX, YTO MOXET UCITOJIb30BaThCSI LIS pe-
IIEHUSI 3amad OOHapyXeHUS W WIeHTUDUKAIIUU
BITJIA [18], HO paccCMOTpeHHE 3TOTO BOIIpOCca C TOU-
KM 3peHMSI aKyCTUIECKUX 3(P(HEeKTOB IIpU KOPpEIsi-
OnoHHOIT 00paborke JIYM-cHTHAJIOB BBIXOAWUT 3a
paMKHM HacTosmIei paboThI.

KOPOJIBKOB wu np.

3. YUCITEHHOE MOJEJINPOBAHUE

Ha mepBoM 3Tame 4MCIEHHOTO MOJEJIMPOBAHUS
MoJIaraeTcsl, YTo BCE JIOMACTU BUHTA MOJIHOCTHIO UIEH-
TUYHBIE. B 3TOM cilydae KoapPUIIMEHT OTpakeHUs
R(t) anmpokcuMupyeTcst TepruoandecKoi (hyHKITEe:

R(t) = , O=2nNF. 4)

cos (@)
2

PaccmarpuBaerca JIYM-curHam co cienyrommnuMu
XapaKTepUCTUKaMU, KOTOPEIE B JaJIbHEUIIIEM OyayT
HMCIOJb30BaThbCsl B 3KcIepuMeHTe. HavanbHast ya-
crota f, = 5 k['u, koHeuHas yacrota f; = 15 k['w,
IUIMTEJILHOCTD U3ydeHus1 curHana 7' = 10 ¢. DTo co-
OTBETCTBYET

p=& _h=So _1000 2.
T T

B sTom cityuae 8L = 34 M, U IJ1s1 pAaCCTOSTHUIA MEXKIY
MCTOYHUKOM M BUHTOM L = 1 M (Takue pacCTOSTHUS
paccMaTpuBalOTCs Aajiee B 9KCIIEPUMEHTE) peain3y-
ercst BapuanT L < 8L, ipu koropom K® nosmkHa co-
JiepXaThb TOCJeI0BaTENbHOCTb AOMOJIHUTENbHbBIX MH-
KOB B 00JIaCTU OTPULIATETbHBIX BPDEMEHHBIX 3a€PXKEK.

Ipu ananu3e IMOJYYEHHBIX Pe3y/IbTaTOB paccMart-

pUBaIKCh (HParMEHTHI CIIEKTPOTPaMMBI U (f, f) WcC-
xonHoro JIYM-curHana u;,(f) (2), a TakKe CIEKTpO-

rpamMMBbI w’(t, f) OTPaKEHHOTO CUTHaJIa
u.(t) = u,,(H)R(?), tne R(¢) ompeneneHo B (4). Criek-
TpOrpaMMBbl BBIYUCIISIZINCHh CTAHOAPTHBIM 0OOpa3oM
(cm., HapuMep, [20]), Kak OKOHHOE (ypbe-IIpeod-
pa3zoBaHUEe MCXOMHBIX (PDYHKIUIA. JIJ1S TMOBBILIEHUS
KOHTPACTHOCTU M300pakeHMs Ha pucC. 2a 1 20 TIpu-

BEIEHBI 3HAUYCHUSI paccMaTpUBaeMBIX QYHKIHAN
B }IB, KOTOPbIC paCcCUUTbIBAJIMCh KakK

2 2
ane, f) = 101glun e, A w @l £)=101gw’, £

Ha puc. 26 oTYeTIMBO BUAHBI KpaTHbIE YaCTOThI
f(@) £ mNF. HopmupoBaHHasd (YHKIIMS B3aUMHOM
koppessiuu K (T) (3) m1st paccMaTpUBaeMBbIX Mapa-
METPOB CUTHAJIOB M300pakeHa Ha pUC. 2B, TOC JOMOJI-
HUTEIbHBINA (pa30BBIA COABUT 3a CUET PacIpoCTpaHe-
HUS CUTHAaJIa OT UICTOYHMKA 0 BUHTA M OOPAaTHO Mpe-
roJiaracTcst CKOMIICHCHMPOBAaHHBIM (oCcHOBHOI1
mMakcuMyM K® K (T) cooTBeTCTByeT HyJeBOW Bpe-
MEHHOI1 3amepxKe T, = 0 c¢). st ymobcTBa aHaIu3a
MOJIyJaeMbIX TaHHBIX IIIKaJIa BPEMEHHBIX 3aJIepPXKeK T
Ha puC. 2B U gajiee IepeBeieHa B JaJIbHOCTH ¢ 1:/ 2. Ha
puc. 2B BUIHA OCIEA0BATEIbHOCTD JOMOTHUTEIBHBIX
miKoB K®, paccTostHUS MexXIy KOTOPLIMU JISI pac-
CMaTpMBacMbIX MapaMeTpPOB B TOYHOCTU pPaBHbI
0L = cNF/2b = 34 M. Cnenyer oOpaTUTh BHUMAaHKE
AKYCTUYECKHWH KYPHAJ Ne 6
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(©)

/T a(t,f), nb
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2
urSp(t, f )| , OTpaxk€eHHOTO OT Bpallarlerocss BuHTa. HopmMupoBaHHbBIE KOppEISIIIMOHHBIE (YHKIIUN

K (1) / max|K (1:)| MOJIEJIbHBIX CUTHAJIOB, OTPAXKEHHBIX OT BUHTA C (B) — OAMHAKOBBIMU U (I') — OTVIMYAIOIIMMMUCS JIOTIACTSIMU
(poMGamu 0603HaueHb! Ky KD, pacronoxxeHHbIe HA OMHUX U TEX K¢ AaTbHOCTSIX).

Ha HaJIMYWe MUKOB HA 3HAYUTEIBbHBIX OTPULIATEIb-
HBIX JAJIBHOCTSIX, CYIIECTBEHHO HPEBBIIIAOIINX
oxxumaeMble 3HaueHus [ =~ 1 M. B citygae, Korna BUHT
HE BpallaeTcsl, 3TU MUKW OTCYTCTBYIOT.

B peanbHOIi cuTyauMu OTpakeHUE CUTHAja OT
pAa3INYHBIX JIONACTEIl BUHTA MOXET OTJIMYAThCSI, Ha-
npuMep, B CUJIy TOTO, YTO 3BYK ITaJacT Ha JIOMACTU
IOJI pa3HbIMU YIJIAMU, a TEOMETPUS CaMUX JIoacTeit
MOKET OBITh pa3IMuHOli. B aTOM ciiyyae koadduiiu-
€HT OTpaXeHWsI CUTHaJIa OT BUHTA R(f) OymeT mepuo-
nmdeckoii hyHKiumeii ¢ nepuonom 1/F, T.e. ¢ nepuo-
IoM B N pa3 OOJILIIMM MO CPABHEHUIO CO CllydaeM

AKYCTUYECKUM KYPHATT Tom 66 Ne 6 2020

1/ (NF) abcomoTHO MIEHTWYHBIX Jomacrteir (1). B
urore B KO mogBATCs DOMOTHUATEIBHBIE TIPOMEXKY-
TOYHBIE MHUKM, PACIIOJIOXEHHBIE APYT OT Apyra Ha
paccTossHUsIX OL' = SL/ N =cF / 2b, myIs paccmaTpu-
BaeMoOro ciydast paBHbIX OL' = 8.5 M. AHaIM3 TaKUX
IIPOMEXKYTOYHBIX ITMKOB ITO3BOJISIET OLIEHUTD YKCIIO
JIOTIAaCTe BUHTA IT0 OTHOIIEHUIO 8L K OL'.

YToOBI MPOMOAENUPOBATH CIYYall OTINYAIOLIX-
cs JlonacTeit, TpedyeTcs 3a1aTh 3aBUCUMOCTb R(f) B
BUJIe HEKOTOPOi hyHKIIMU, nMetolIe nepruon l/F. B
KayecTBe NpuMepa ObLT PaCCMOTPEH ClENYIOLUUIA



686

(@)

Ty

KOPOJIBKOB u np.

(6)

Benrunsitop

W
C @
( 4.‘\««\“\\

k

MukpodoH

Puc. 3. (a) — Cxema u (6) — ¢oTorpacdust IKCrIepUMEHTAIbHOI YCTAHOBKU.

BUn R(f), yCIIOBHO COOTBETCTBYIOIIINNA CIIy4aro, KOTIa
OITHA JTIOMACTh OTJINYAETCS OT IPYTUX:

cos(0.75@) , or Q,,
2 2
R@) = cos(%t) , %te Q,, (5)

0, %te‘ Q uQ,,

roe Q, = (21tn; % + Znn}, Q, = [g + 2nn; 21 (n + 1)},
n=0,1,273... Cienyer OTMETUTh, YTO OIMCAHHBII
cnoco® MOAeIUPOBaHMSI Pa3HBIX JIOTIACTE BUHTA
SIBJISIETCSI JIMIIIb OMHUM M3 BO3MOXHBIX BapUAHTOB;
HMCIOJIb30BaHUE aHAJIOTUYHBIX MOJEJIei MMPUBOIUT K
MOXOXUM pe3yjbTaraM. Pe3yabTaThl MOAEIUPOBaA-
Hust KO mrg cinyyast pa3HBIX JIOMACTE MpeacTaBlie-
HBI Ha pUC. 2T, rje BUIHbI JOIOJIHUTEIbHBIE ITPOMe-
JKYTOYHbBIE TTMKH, PACIIOJIOXKEHHBIC IPYT OT Apyra Ha
paccrostHUsIX OL' = 8.5 M. s ynoOcTBa CpaBHEHMS
MOJIy4YeHHBIX pe3yiabraToB muku Kd, pacnonoxeH-
HbIE Ha pHC. 2B ¥ 2T HAa OAMHAKOBBIX TAJIbHOCTSIX, 000-
3Ha4YeHbl poMbaMu. [Toxoxxue MpoMeXXyTOUHbIe TTMKU
K® HabmomaoTess U B HATYPHOM 3KCIIEPUMEHTE.

4. JABOPATOPHBIN DKCITEPUMEHT

N3mMepeHunst MpoBOAUIINCE B peBepOepallMOHHOM
Kamepe Kadeapbl aKyCTUKHN (pU3NIeCKOro paKyabTe-
ta MI'Y. DKcniepuMeHTanbHbI cTeHn (puc. 3) co-
CTOSIJT U3 3JICKTPOAMHAMUYECKOTO UCTOYHIKA 3BYKa,
usydaroniero B guamnazoHe 3—20 kI, u3MepuTenb-
HOro MUKpo¢OHa U 3aKPETUICHHOTO Ha IITATUBE BeH-
trsitopa. Mcrionb3oBasicst BeHTWIATOp ¢ N = 4 jtona-
CTSIMM, KOTOpbIe BpalamTcs ¢ yacrotoir F = 50 I'm.
Yacrora BpaiieHus: BUHTa F omnpenesuiach IO OC-

HOBHOMY TOHY B CIIEKTpE IIIyMa, KOTOPBI peTUCTPH-
pOBaJICS ¢ TIOMOIIBIO IITyMOMepa, PacIiojlaracéMoro B
HETIOCPEICTBEHHOM OJIM30CTH OT BpallaroIerocs
BrMHTaA. OmmOKa OIeHKW YacTOTHI BpaIleHUS TPO-
newtepa F He TIpeBbIana 5—8%.

Ha nmramuk mogasancs JIUM-curnan, cCMHTE3M-
pPOBaHHBINA HUMPOBBIM CITocoO0M. [IpUHSATHIE MUK-
podoHOM curHaI onU(pPOBHIBAJICS 3BYKOBOM KapTOIi
U obpabarbiBaics Ha DBM. YacTora nuckperusanmnu
st HAIT u ALLIT cocrasisiia 44.1 xI'u. B miporecce
06paboTku Beruucisiack KO nmpuHATOro curHaia c
ucxongHoit JIYM-moceuikoit. CxeMa sKCIIepruMeHTaIb-
HOI ycTaHOBKU 1 (poTorpadusi, caeiaHHast Ipy IIPOBe-
IEHWH SKCITEpUMEHTA, IIPEACTaBIeHBI Ha pHC. 3.

I1pu TIpoBemeHNM 3KCIIepMMEHTa B3aUMHOE pac-
MOJIOKEHWE MCTOYHNKA, MUKPODOHA 1 BEHTUIISITOPA
BBIOMpAJIMNCh TaKMM OO0Opa3oM, 4YTOOBI BEHTWIISITOP
o0JyJalicsl B HaIlpaBJICHUM, HE3HAYUTEIHLHO OTIIM-
YaBIITUMCSI OT OCY BpaIlleHUsI, IUTST YMEHBITIEHUSI BT -
sHus 3 dexra Jlomiepa, HO, IpU 3TOM, YTOOBI OTHA
W3 JIoacTell maBaja GJIMK OT UCTOYHHMKA Ha TIprUeM-
HUKE B KaKOM-TO TIOJIOXKEHUH BEeHTUJIsITOpa. Momy-
s Ko uiimeHTa OTpaXeHUsI B 3TOM CiIydae
MOCTUTAETCS C TIOMOIIBIO TIEPUOIMIECKOTO TToTamza-
HUS O6JTMKa Ha TIPUEMHUK.

T'eoMmeTpudeckre mapamMeTpbl YCTAHOBKU OBLIN
CJIEIYIOIIMMU (B COOTBETCTBUHM C 0003HAYEHUSIMU HA
puc. 3):

rp=1m, r,=01wm, r,=12mMm.

Xapakrepuctuku mainydaemoro JIYM-curHama BBI-
OMpaCh TAKUMU XK€, KaK U IIPU YUCIICHHOM MOJIe-
mupoBaHnn. OCHOBHOI 3amavyeil SKCIepuMeHTa SIB-
JISITIOCh HAOJIIOACHYE TOIOTHUTEIbHBIX TMKOB K® B
AKYCTUYECKHWH XYPHAII Ne 6

TOM 66 2020
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(6)

/, kTt u'(t,f), nb

10
14 | . /

/ 0

13

—10
12 20
11 -30
10 | | | —40

6 7 8 9 t,¢c
K(1) (r)
max | K(1) |

0.025

—150 —100

2
uP(t, f )‘ 9KCMEPUMEHTATILHO U3MEPEHHBIX CUTHAJIOB, OTPAXKEHHBIX OT

(a) — HeMoABMXKHOTO U (0) — Bpalllalolerocs: BUHTA; (B) 1 (T) — COOTBETCTBYIOIIME 3TUM CUTHajIaM HopMmupoBaHHbIe K®D.

obJactu OoTpMLATECJIbHBIX BPEMCHHLIX 3a1CPKEK (Ha
oTpMnHaTCJIbHbIX I[aJ'[I)HOCTSIX) .

Ha puc. 4a, 46 npuBeneHbI pe3yJIbTaTbl BBIYUCIE-
HUSI CIIEKTPOTPAMM CUTHAJIOB, OTPAKEHHBIX OT HEITO-
JIBVDKHOTO BEHTWJISITOpPA M OT BpalllalOLerocsl BEHTH-
JISITOpa, COOTBETCTBEHHO. Ha puic. 46 0T4eTIMBO BUIIHBI
KpaTHBIE YaCTOTHI, BOBHMKAIOIIINE B CIICKTPE CUTHAJIA,
OTPaXEHHOTO OT Bpalmjatomierocss BuHTa. PyHKIUU
B3aMMHOi1 Koppesiimu K (T), BBMUCICHHBIE [UTs He-
TOABVKHOTO M BpAlLIAIOIIETOCsl BUHTA, MPEACTaBICHbI
Ha puc. 4B, 41, cooTBeTCTBeHHO. O0CyKnaeMbIii 3(-
¢deKT — BOBHUKHOBEHME MHOXeCcTBa MKoB KD B 00-
JIAaCTU OTPULIATEIbHBIX JATbHOCTEM — OTYETIMBO Ha-
OaromaeTcs Ha puUc. 4r. DKCHEpUMEHTAILHO IMOJY-
YeHHbIe 3HAYEHUS ITOJIOKEHMSI MTUKOB OTINYAIOTCS

AKYCTUYECKHNH KYPHAJ Ne 6

TOM 66 2020

OT TEOPETUYECKUX He Goyiee yeM Ha 7.5%, uTo cooT-
BETCTBYET TOUYHOCTH OIpPeIe/ICHUsI YaCTOThI Bpallle-
HUS BUHTA. CTOUT OTMETUTD, YTO MUKU Ha OTPULIA-
TEJIbHBIX PACCTOSIHUSIX BUIHBI 00JIee OTYETIUBO, TaK
Kak B 3TOI 00JIaCTH OTCYTCTBYIOT LIIyMBI peBepbepa-
LIMM, BBI3BAHHBIE MHOTOKPATHBIMU OTPaXKCHUSIMU
U3JIydaeMOTO CUTHajla OT CTEHOK peBepOepaluoH-
HOM Kamepbl. JIJIST HEMOOBMIXHOTO BEHTUJISITOPA
(puc. 4B) nH(opMaTUBHBIE TOIIOJHUTEIbHBIC IIMKU B
K® ne nabmomaiorcs. BMecte ¢ TeM Ha puc. 4B BUJI-
HBI Tapa3uTHbIe Bcriecku B KD, KOTopEIe TOBTOPSI-
IOTCSI U TIPY BKIIIOUEHHOM BEHTWJISITOpE (puc. 41).
IMpucyrcTBHUE STUX JIOXKHBIX ITMKOB CBSI3aHO C HAJIU-
yyeM B oOpabaTbhiBaeMBIX HAHHBIX Pa3jIMYHBIX I10-
MeX, BBI3BAHHBIX, HalpuMep, HEJIMHEHHBIMU >(-
dexraMu, TPOSBISIOIIUMUCS NPUA U3JIYYCHUU U
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IpreMe CUTHAJIOB Ha 3Tane mx HudpoBoii oopadoT-
k1. B panmpHelinieM ocoboe BHUMaHME OyIeT yaeJIeHO
YAYYIIEHUIO XapaKTePUCTUK UCIIOJIb3yeMOTro 000py-
nmoBaHus. BmecTe ¢ TeM ciaemyeT OTMETUTD, YTO pac-
MOJIOXKEHUE JOXHBIX TMKOB B KM He coBmamaer ¢
MOJI0KeHNEeM MH(MOPMATUBHBIX MaKCHUMYMOB. DTO
MO3BOJISIET Take B TaKOI CIIOXKHOI ITOMEXOBOM 00-
CTaHOBKE OQHO3HAYHO MIACHTU(MUINPOBATH OOCYXK-
IaeMbie B padoTte 3¢ HeKTH, BOSHUKAIOIINE ITPU KOp-
peasonoHHOIT obpaborke JIYM-curHamos, oTtpa-
KE€HHBIX OT BpallaloIlIerocss BUHTA.

5. BAKJTFIOYEHUE

I[IpuMeHeHWe cTaHAAPTHON KOPPEISILMOHHOMN
00pabOTKM K CUTHajJaM, OTPaXXEHHBIM OT Bpalllato-
IIerocsl BUHTA, MNPUBOAWUT K BO3HUKHOBEHUIO B
GYyHKIIUM B3aUMHON KOPPEISIUMU U3IYYEHHOTO U
MPUHSATOTO CUTHAJIOB OCOOEHHOCTEl B BUE AOIOJ-
HUTEJbHBIX MakcuMyMoB K®. BzaumHoe pacrofio-
JKEHUE 9TUX TTMKOB Ha OCU BPEMEHHBIX 337Iep>KeK 3aBH-
CUT OT MapaMeTpOB U3JTy4aeMOro CUTHajla U XapakTe-
PUCTUK BUHTA. TeopeTnueckrie U 3KCiepuMeHTaIbHbIC
HCClIe0BaHMS, TIPOBEIeHHbIE B paboTe, yKa3bIBalOT Ha
BO3MOXHOCTb MCITOJIb30BaHUS 3TOU MH(MOpMALIUU B
KauyecTBe NOMOJHUTEJbHOTO MHMOPMATUBHOTO Ma-
pameTpa, yKa3bIBalolllero Ha HaJuuue Bpallaloiero-
Csl BUHTA y JIETaTeJILHOTO arrapaTa, YTO MOXKET ObITh
MOJIE3HBIM B 3aJavyax WAeHTU(hUKAUU Majorada-
putHBIX BITJIA. B0o3MOXHEINM BapHaHT aJropuTMa
UIEHTU(PUKALIMU MOXET OCHOBBIBAThCSI Ha HAJIMYUU
MakcuMyMoB K® B objacTu oTpuliaTeIbHbIX Bpe-
MEHHBIX 3aJepKeK, T.e. TaM, rie MakcumMymoB K@
ObITh HE JOJXKHO B CTyyae OTPaKeHUsI OT HETTOABU K-
HOro BUHTAa. BaXXHOI OTAMYMTENBHON OCOOEHHO-
CTBIO paccMaTpUMBaeMOro MOAXOo/Aa SIBJSIETCS aHAIU3
HE caMUX OTPa’KeHHbIX CUTHAJIOB, a Pe3yJbTaTOB UX
KOPPETSIIIMOHHOI 00pabOTKU, YTO MO3BOISET YITyd-
LIUTh OTHOIIIEHWE CUTHAJI/TIOMeXa, TOBLICUB TEM Ca-
MbIM IOCTOBEPHOCTb MOJY4Ya€MbIX OLIEHOK B YCJIOBU-
SIX peaIbHOTO BKCIIepUMEHTA.

ITonyyeHHble B paboTe pe3yabTaThbl TPEOYIOT
JIaJIbHEeHIIIero AeTajJbHOrO MCCIEIOBAaHUSI C LIEJIbIO
OLIECHKM BO3MOXHOCTU UX IMPUMEHEHUS K PEIICHUIO
KOHKPETHBIX MpaKTUYECKMX 3amad. Tak, mpeacraB-
JISIET MHTEpeC 3ajia4a BEIOOpa ONTUMAaJIbHOM ITOCHIT-

KU u;,(t), odecrieynBaloleil MaKCMMaabHOE COOTHO-
IIIEHNE CUTHAJI/TIoMeXa JJIsl TOTIOJIHUTEJIbHBIX ITMKOB
K®, npu 3ToM MakKCUMU3UPYIOIIEH (MM MUHUMMU-
3UpPYIOLIC, B 3aBUCUMOCTU OT PEIIacMOM 3adadm)
PaCCTOSTHUS MEXAy 3TUMHU ITMKaMu. CpaBHUTEIbHAS
IIPOCTOTa MPAKTUUECKOI peaan3aliui paccMaTpuBa-
€MOrO I10IX00a OTKPHIBAET MEPCIIEKTUBLI Ha CIEIY-
IOLIEM 3Tale MCCIEAOBAaHUIN MepeiTh K CO3JaHUIO

SKCIIEPUMEHTAJIBHOTO CTEHAA IJIS OCYIIECTBICHUS
HaTypHBIX U3MepeHM1 ¢ MasioradbapntHeiMI BITJTA.

HMccnenoBaHue BBITTOJHEHO TIpu (UMHAHCOBOIT
nonaepxke PODPU B pamkax HaydyHOIO IpPOEKTa
Ne 19-29-06048 MK.
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