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PEKOMEHJALIMA MC5-R BS.1770

AJIropuT™MbI H3MEPEHHUSI TPOMKOCTH 3BYKOBBIX IPOrPaMM U
HCTHUHHOI'O MHKOBOI'0 YPOBHA 3BYKOBOI'0O CHI'HAJIA

(Bommpoc MCD-R 2/6)
(20006)

Cdepa npumeneHus

B mnacrosmeill PekomeHmanmy ONHCHIBAIOTCS alTOPUTMBI MU3MEPEHHs] 3BYKOBBIX CHUTHAJIOB MM LeNel
ornpeseneHns cyObeKTUBHONW I'POMKOCTH MPOTpaMM U UICTUHHOTO MUKOBOTO YPOBHS CUTHAJIOB.

Accambnes paauocssizu MCD,

yuumoleas,

a) YTO COBpPEMEHHBIC METONBI MU(PPOBOH Tepenadyr 3ByKa MPEIOCTABISIOT YPE3BBRIYAHO OOIMHPHBIN
JUHAMHAYECKUM JUana3oH;

b) YTO HWCIIONIE30BaHUE COBPEMEHHBIX IIM(PPOBBIX METOJOB TNPOW3BOJACTBA M TIepelayd 3BYKa
00yCITOBIINBaET CMEIIEHHEe MOHO(POHWYECKHX, CTEPEO(POHNUECKNX M MHOTOKAHAIBHBIX (POPMATOB M HYTO
3BYKOBBIE POTPAMMBI POU3BOISTCS BO BCEX ITHX (hopmartax;

c) YTO CIIyIIATEIH Kelanu Obl, 4TOOBl CyOBEeKTHBHAs TPOMKOCTh 3BYKOBBIX NMPOrpaMM Oblia €JUHOM
IUISl pa3JIMYHBIX UICTOYHUKOB M TUIIOB IIPOTPaMM;

d) YTO WMeEETCS MHOXKECTBO METOIOB M3MEpPEHHs YPOBHEW T'POMKOCTH, HO CYIIECTBYIOIIHNE METOIBI
WU3MEPEeHUH, UCMOJIb3yeMbIe MPU MPOU3BOJACTBE MPOrpaMM, HEe OOECIeYMBAIOT WHIUKAIUU CYOBEKTHBHON
TPOMKOCTH;

e) 4TO JUIA Leneil oOMeHa mporpaMmMaMy Ba)KHO MCIIOJIB30BaTh €AMHBIN PEKOMEHAOBaHHBIA aJlrOPUTM
00BEKTUBHOM OLIEHKH CyOBEKTUBHON T'POMKOCTH;

f) 4YTO OyIyIlUe KOMIUIEKCHBIC alrOpUTMbI, 0a3UPYIOIIMECs HA MCUX0aKyCTUYECKHX MOJEISIX, MOTYT
obOecrieunTs OoJiee TOYHBIE OOBEKTHBHBIE W3MEPEHHsS TPOMKOCTH Ui IMHPOKOTO CIIEKTpa 3BYKOBBIX
MPOrpaMm;

2) 4TO Meperpys3ka LU(PPOBOro HOCUTENS MPOUCXOAUT CKAUKOOOPa3HO U MOITOMY ciledyeT u3berathb
Jake KpaTKOBPEMEHHOM ero neperpysKH,

yuumoleas oajee,

h) YTO TIMKOBBIC YPOBHHU CHUTHAJIOB MOTYT YBCJIMYUBATHCA BCJICACTBUEC MIUPOKO IMPUMCHACMBIX
MpoHecCOB, TAKUX KaK (bl/IJ]LTpaI_[I/IH WJIM YMCHBIICHUEC CKOPOCTHU ME€pEeaavIn B GI/ITaX;

7 YTO CYIIECTBYIOIHE METOIbI N3MEPEHHI HEe OTPaKaIOT UCTHHHOTO MMMKOBOTO YPOBHS, JOCTHUTAEMOTO
A(POBBIM CHUTHAJIOM, MOCKOJIBKY MCTHHHOE MUKOBOE 3HAYEHUE MOXKET MOSBISITHCS B MHTEPBAJE MEXIY
OTCUeTaMHU;

k) YTO BO3MOXKHOCTH OOpabOTKM LM(POBOro CHUTrHaNa TMO3BOJSIIOT PpEealu30BaTh AITOPHUTM,
o0ecrneunBaroIil OI[EHKY HCTHHHOTO MTMKOBOT'O YPOBHS CUTHaJja ¢ BRICOKOI TOUHOCTHIO;

1) YTO MUCIOJB30BAaHUC aJITOpUTMa HWHAWKAIIUKM HCTUHHOIO TIIMKa CACJIacT BO3MOXHBIM TOYHYHO
WHAWKAUKO 3amnaca Mo YPOBHKO MCEXKAY MNHUKOBBIM YPOBHEM ]_II/I(prBOFO 3BYKOBOI'O CHUI'Hajla U YPOBHEM
Cpe€3aHus NMUKOB,
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peKoMeHOyem

1 MPUMEHSATH, B Cllydae HE00X0AMMOCTH 0OBEKTUBHOTO U3MEPEHUSI TPOMKOCTH 3ByKOBOI'O KaHaja MU
nporpaMmbl B LENSAX COACHCTBHS AOCTaBKE MPOrpaMM M OOMEHa MMM, aJrOPUTM, OMHCAHHE KOTOPOTO
conepxurcs B [Ipunoxenuu 1;

2 obecnieynBaTh BO3MOXKHOCTh HCIIOJIb30BaHUS aJIropuTrMa, OIKMCAaHHUE KOTOPOro COIACPKUTCA B
HpI/IHO)KeHI/II/I 1, B Ka4€CTBE OCHOBBI AJId ME€TOJ0B MHAMKAIIUU I'POMKOCTHU NPOTpaMMBI IIPpU MPONU3BOACTBE U
OKOHYAaTCJIbHOM MOHTAXE MPOrpaMm;

3 MPUMEHATh, B ClIy4dae HEOOXOAWMOCTH WHIWKAIMM HCTHHHOTO THKOBOTO YPOBHS LH(POBOTO
3BYKOBOTO CHUTHaja, METOJ W3MEpPEHHH, B OCHOBY KOTOPOTO TIOJIOKEHBI PYKOBOASIINE MPHUHLHUIIBI,
u3noxxeHHole B [IpunoxeHnn 2, Wi METOJ, 00eCTIeUNBaIOIINK aHATOTUYHbIE WK TyYIlnue pe3yIbTaThl,

[TPUMEYAHUE 1. — [Tone30BaTeneid ciemyeT Mpeaylpekaars, YTO H3MEpPEHHAas TPOMKOCTH SBISIETCS OIEHKOU
CYOBEKTUBHONH TPOMKOCTH U COJIEPKUT OIPEIEICHHYIO MOTPEIIHOCTh, 00yCIOBINBAEMYIO0 CBOMCTBAMM CIIyIIaTeleH,
3BYKOBOT'O MaTepuasa U yCIOBUSIMH HMPOCTyIINBAHUSL.

danee pekomenoyem

1 MPOAOJKUTH MPOBeZCHNE paboT, HAaNpaBICHHBIX HA pacIIMpeHre ajJropuTMa, OlrcaHHe KOTOPOro
cogepxutcs B [Ipunoxxenun 1, aist obecrieyeHns: MHANKALWN KPaTKOBPEMEHHON TPOMKOCTH;

2 YUUTBIBaTh BO3MOXKHYIO HEOOXOIMMOCTbh OOHOBJIEHUs HacTosieil PekomeHnnanuu B ciiyyae, eciu
HOBBIE AJTOPUTMBI M3MEpPEHHUs TPOMKOCTHM OYIyT CYIIECTBEHHO IPEBOCXOJIUTh MO KadecTBYy pabOThI
aNropuTM, ONMCaHUE KOTOPOro coaepkurcs B [Ipunoxenun 1.

IIpunoxenue 1

Onucanue aJIropuTMa 00bHEKTHBHOT0 MHOTOKAHAJILHOT0
N3MepeHHs1 TPOMKOCTH

B Hacrosmem IlpunoxxeHun omnucaH ajJirOpUTM MHOTOKAHAJIBHOTO HM3MepeHusd TpoMkocTu. Ha pucyHke 1
MpeacTaBlieHa OJOK-CXeMa pa3jMyYHBIX KOMIIOHEHTOB ajroputma. s yaoOcTBa omucaHUs ajiroputMa Ha
pa3IMUYHBIX TOYKAX TpaKTa MOTOKAa CUTHaja IMpeaycMoTpeHbl MeTkH. Ha Omok-cxeme mokasaHbl BXOJbI HATH
OCHOBHBIX KaHAJIOB (JIEBOTO, IEHTPAIBHOTO, TPABOro, JIEBOTO THUIOBOTO W TPAaBOTO THIJIOBOTO); 3TO
MO3BOJISIET OCYIECTBIATH KOHTPOJIb MIPOrpaMM, UMEIOIIHUX OT OJHOTrO 10 MATH KaHanoB. Ecnu mporpamma
UMEeT MEHee IISITH KaHaJoB, HEKOTOPHIE BXOJAbI HE MCIOJb3yIOTCs. KaHanm Ans HU3KOYaCTOTHBIX 3BYKOBBIX
a¢dekroB (LFE) naHHbIM M3MepeHneM He OXBadeH.

PUCYHOK 1

Biok-cxema AJArOpuTMAa MHOIOKAaHAJIbBHOI'0 H3MEPEHUSA 'POMKOCTH

X, Hpeanﬁgﬁz’?gbum_ ®unstp RLB Y. %ggiggfr z, G,
el s | 5| G a7,

X ﬂpengﬁfgbmn_ ®umtp RLB Ye (Ij(ggﬁggg Zc G(; I'pomxocTh
— Hlp cma';l]}; Jy;:fp”" il ] umerp RLB 2k %ggﬁggfl 2l G I

Xps Hpem:";xgjl;l::gbum_ Dumstp RLB Y ?{ggigglf Zp, Gy,

1770-01



Pex. MCJ-R BS.1770

Kak mokazaHo Ha pucyHKe 2, Ha TIEpBOM dTare padoThl anroputMa, 10 m3mepenus Leq(RLB), Bemonnsercs

npeaBapuTeNnbHas GuiabTpanus curHana. [IpeapapurenbHas GUabTpanus o0ecreunBaeT yueT akyCTHYeCKOTO

, IPY 9TOM T'OJIOBA MOJICIIUPYETCS KakK yKecTKas cdepa.

BO3JICUCTBUS I'OJI0OBbBI

PUCYHOK 2

YacrorHas XapaKTEePUCTUHKA NPEeABAPUTE/IBLHOI0 Qmm,Tpa,

HCIO0JIB3YeMOro s 00

€CIICYECHHUH yUeTa aKyCTHYECKOro BO3AeHCTBHUA I'0JI0BbI

1770-02

Yacrora (I'mr)
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[Ipensapurenbublii GuIBTp ompenensercs Kak QUIbTP, I[OKa3aHHBIA Ha pHCYHKE 3, KO3 ULIHMEHTHI

KOTOPOTO yKa3aHbl B Tabmiwme 1.

PUCYHOK 3

JlnarpaMma noToKa CUrHAJ0B Kak GuabTp 2-ro mopsaka

b,

Z-l

1770-03

TABJINIIA 1
Ko dpnuuenTs! puabTpa A4 NpeABAPUTEIbHOTO PUABTPA

B IeJIX MOAeTNpPOBaHNs cpepuuecKoil roa0BbI

1,53512485958697
—2,69169618940638

1,19839281085285

bo

b,

by

—1,69065929318241
0,73248077421585

a

ar
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3T KO3PPULMEHTH QUIBTPa COOTBETCTBYIOT YacToTe nuckpetusaunu 48 kl'u. Jna peanuzauuii ¢ apyroi
YacTOTOW JMCKPETH3AlMU MOTPeOyIOTCs IpyTre 3Ha4eHUs] KO3QPUIUEHTOB, KOTOPbIE OKHBI BHIOUPATHCS
Tak, 4YTOObI oO0OecreunBanach YacTOTHAs XapaKTEPUCTHKA, aHAJOTMYHas XapaKTepUCTUKE YKa3aHHOTO
¢mpTpa mpu vacrore nuckperusauumu 48 kl['m. [lpucymas umeromemycs anmapaTHOMY OOeCHEueHHIO
TOYHOCTh MOXXET O0YCJIOBHTh HEOOXOIMUMOCTh KBAaHTOBAHUS 3HA4YEHWH 3THX Ko3(duuuenros. Vcnbitanus
MOKAa3aJIH, YTO AJITOPUTM HEUyBCTBHUTENIEH K HE3HAUYUTEILHBIM U3MEHEHHUSIM 3THX KOA(POHUIIMEHTOB.

Ha BTopom sTame paboTsl anropuTma NMpUMEHseTCs B3BemuBaromias kpuBas RLB, koropas peanusyercs
MPOCTBIM (QHIIBTPOM BEPXHHX YacTOT, KaK MOKa3aHO Ha PUCYHKeE 4.

PUCYHOK 4

B3pemmBaromas kpusass RLB

OTHOCHTENbHBIN YpoBeHb (1b)

10' 10’ 10° 10*

Yacrora (I'my) 1770-04

B3pemmBaromas kpuBas RLB onpenensercs kak ¢uibTp 2-ro mopsaka, MOKa3aHHBI Ha pHUCYHKE 3,
K03 QUIMEHTH KOTOPOTO YKa3aHbl B Ta0OIHIIE 2.

TABJIMLIA 2
Koxppuuuents! punbrpa Ans B3BemuBawineil kpusoii RLB
bo 1,0
a —1,99004745483398 by -2,0
a 0,99007225036621 by 1,0

Otu K03 PuLmeHTs GUIBTPa COOTBETCTBYIOT YacToTe auckpernsanuu 48 kl'u. J{is peanusanuii ¢ npyroi
YaCTOTOH MHUCKPETHU3AIMH MOTPEeOYIOTCS ApyTHe 3HaUYeHUs KO3 (OHUIIMEHTOB, KOTOPBIE JOHKHBI BEIOMPATHCS
Tak, 4ToOBl oO0OecrmeurBagach YacTOTHAs XapaKTePUCTHKA, aHAJOTUYHAS XapaKTEPUCTUKE YKA3aHHOTO
¢unpTpa npu yactore nuckpermzanuu 48 k.
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[locne mpuMeHeHus1 mpeaBapuTeabHOro GuiabTpa U Guiabrpaunu RLB cpeaHexkBagpaTuyeckas SHeprus Ha
WHTEpBaJIe U3MEPEHUN T onpeenseTcs Kak:

IT )
Zi=r J.J/i dt, (1)
0

T€ y; — BXOJHOW CHUTHAJ, MPOIISAIINA depe3 NMPpeABAPUTEIbHbBIN (QUIBTP IS MOISITHPOBAHUSA BO3IACHCTBHUS
TOJIOBBI M Yepe3 ¢uiabTpanuio B3BemmBatomeid kpuso RLB (i=L, R, C, Ls, Rs, N, tne N — KOIU4eCTBO
KaHaJoB).

3aKTIOYMTENBHBIM — [IaroM, TIOCAE€ TOTO KakK JUid KaXJOro KaHalla paccuMTaH B3BEIICHHBIN
CpeIHEeKBaJpaTHUYECKUN YPOBEHb z;, IBISIETCS CYMMUpPOBaHHE N KaHAJIOB CIEAYIOLUM 00pa3oM:

N
I'pomkocts = —0,691 + 10 log,, ¥ G, -z, b 2)

Ecnu Ha BXOA 71€BOro, LIEHTPAlIbHOIO WJIM NPaBOr0 KaHAJIOB OyAeT MOCTyNaTh CHHYyCOMJajdbHas BOJIHA,
ypoBeHb KoTopoil coctaBisier 0 nb monHOW mikanmel, a yactoTa— 1 k['1, ykasaHHas TpoMmKocTh Oyzaer
paBusaTbes —3,00 nb.

BecoBsie koo GUIMEHTHI T pa3HBIX KaHAJIOB MTPUBEICHBI B TabmuIle 3.

TABJIMIIA 3
BecoBble 3HaYeHNS /151 OT/IEJILHBIX 3BYKOBBIX KAHAJIOB
Kanan BecoBoe 3Hauenne, G;
Jlewrii (Gy) 1,0 (0 nb)
[paesrtii (Gg) 1,0 (0 nb)
Heuntpanbusiit (Gc) 1,0 (0 ob)
JleBwiii ThIIOBOM (Gy) 1,41 (~+1,5 1Bb)
[IpaBsiit TELTOBOI (Gk;) 1,41 (~ +1,5 ob)

CrnenyeT OTMETHTb, YTO, XOTS JAHHBIN alrOPUTM JO0Ka3al CBOIO 3(()EKTHBHOCTh B OTHOIIEHWH 3BYKOBBIX
IIPOrpaMM, KOTOPBIE SIBJIIOTCS TUIUYHBIM PaJMOBEIIATENbHBIM KOHTEHTOM, B LIEJIOM OH HE IPUIOACH I
OLIEHKH CyOBEKTHBHONW I'POMKOCTH YHCTHIX TOHOB.

Jlononnenue 1
k [Ipuioxenuro 1

Onucanne u pa3padoTkKa aJIrOPUTMAa MHOTOKAHAJIBLHOTO H3MePeHH

B nacrosmem JlomoigHEHWH OMHUCHIBAaeTCsl HEAABHO pa3pabOTaHHBIM alrOpUTM, MpeAHa3HAYeHHbIH i
O00BEKTUBHOI'O HM3MEPEHMsT BOCIHPUHUMAEMOW TPOMKOCTH 3BYKOBBIX CHUTHAIOB. DJTOT QITOPUTM MOXKET
UCIIOJIB30BATHCA JUII TOYHOTO H3MEDPEHUs TPOMKOCTH MOHO-, CTEPEO- W MHOIOKAHAIIBHBIX CHUTHAJOB.
OCHOBHBIM IPEUMYLIECTBOM IIpEUIaraeMoro ajaropurMa sBisIeICs ero MpoCcTOoTa, JAeNarollas pealu3aluio
aIrOopUTMa BecbMa HHU3Ko3aTpaTHOW. B JlomonHeHMHM TakXKe MpeNCcTaBleHbl pPe3ylbTaThl OQHUIHMATBHBIX
CyObEKTUBHBIX HCIBITAHWH, TPOBEACHHBIX A co3laHus ©0a3bl CyOBEKTUBHBIX JaHHBIX, KOTOpas
HCII0JIb30BaJIach 1JIs OLEHKH KadecTBa pabOThl alropuTMa.
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1 BBenenne

Cy1iecTByeT MHOKECTBO MPUIIOKEHHH, Ul KOTOPBIX TPeOYIOTCS W3MEpEeHHe 1 KOHTPOJIb BOCTIPHHUMAEMOi
IPOMKOCTH 3BYKOBOTO CHTHana. [IpuMepaMu 3TOro SBISIOTCS TEJIEBU3MOHHbIE M paluoBelIaTeNIbHbIE
IPUIOKEHHS, XapakTep M KOHTEHT 3BYKOBOTO MaTepHana KOTOPBIX OBICTPO MeHsSoTcs. B Takmx
HPUI0KEHHUIX 3BYKOBOH KOHTEHT MOXKET MPECTaBIATh COOOH MOCTOSIHHO U OBICTPO MEHSIOIINECS MY3BIKY,
peub U 3ByKOBHIe 3(Q(eKThl WM uX KomMOuHauuio. Takue WU3MEHEHUs] B KOHTEHTE MpPOTPaMMBbl MOTYT
NPUBOIUTH K 3HAUYMTENBHBIM U3MEHEHUSAM CYOBEKTHBHOH TpoMKocTH. Kpome Toro, Kk curiaigam, KOTOpbIe
MOTYT OKa3blBaTh 3HAYMUTEIbHOE BO3JCHCTBHE HA BOCIPHHUMAeMyl0 TPOMKOCTb CHTHaja, 4dacTo
NPUMEHSIOTCS pa3linuHble (QOpMBI AMHAMHYECKOH 00paboTku. Pasymeercs, mpobiemMa CyOBEKTHBHOM
IPOMKOCTH HMMEET CYLIECTBEHHOE 3HAa4YeHWE Ui WHAYCTPUM 3BYKO3alMCH, Tl LIMPOKO HCIMOJIB3YeTCs
JMHAMU4YecKkas oO0paboTKa C IIeIbl0 MaKCHMaJIbHO BO3MO)KHOTO YBEIMUCHHUS BOCIPHHUMAEMOI TPOMKOCTH
3aIHCH.

Ha nporsokenun psaa nocneanux et Padovas rpynma 6P CekTopa paanocBs3u MOCTOSHHO padoTana Haj
ONpEeleNICHUEM METOA0B OOBEKTMBHOIO HW3MEpPEHHsS BOCIPHHMMAEMOH TPOMKOCTH HPOTrPaMMHOTO
Marepuaia, TUMAYHOTO IS paJaroBeIaTeNbHBIX TpwmiokeHuid. [leperit atan paborsr MCD-R, B xome
KOTOPOTO OBLTH PacCMOTPEHBI aTOPUTMbI 0OBEKTUBHOI'O M3MEPEHHUSI TPOMKOCTH MOHO()OHUYECKOTO 3BYKa,
a TaKKe B3BELIEHHOE cpelaHekBaipaThyeckoe usMepeHue Leq(RLB), Obu1 mocsieH o0ecneueHHto
HaWJIydIIero KayecTBa BOCIPOU3BEIeHUSI MOHOGOHNYECKUX curHanos [Soulodre, 2004].

CoBepIIeHHO OYEeBHAHO, YTO JUIS PaJHOBEIATENIbHBIX NMPUIOKEHUNH TpeOyeTcss W3MepHUTeIh TPOMKOCTH,
KOTOPBI MOXKET padoTaTb C MOHO-, CTEPEO- U MHOTOKAHAJIBHBIMU CHUTHaJaMH. B HacTosimem JOKyMeHTe
npeanaraeTcss HOBBIM alrOpUTM HM3MEPEHMS TPOMKOCTH, KOTOPBIA yCHelHO (YHKLUHMOHUPYET B Cllyyae
MOHO-, CT€PEO- U MHOTOKaHaJbHBIX 3BYKOBBIX CHUTHaJIOB. OCHOBOW MpEeIaraeMoro ajaropuTMa siBJIsIEeTCs
npsMoe pacinpenue anropurma Leq(RLB). Kpome Toro, HOBbIIf MHOTOKaHAIBHBINA aITOPUTM TO-TPEKHEMY
XapakTepu3yeTcs NPOCTOTOM BEIYMCICHNUH, CBOMCTBEHHOM MOHO(pOHNYecKoMy anroputmy Leq(RLB).

2 ba3zoBas undopmanus

Ha nepBom srtane nccienoBannii MCO-R 6b11 pazpaboTan MeTO] CyObEKTHBHBIX MCHBITAHUNA I aHaTn3a
BOCIIPHATUS TPOMKOCTH MaTepuaia THIIOBOH MOHO(poOHWYecKod mporpammel [Soulodre, 2004].
CyOBeKTHBHBIE UCTIBITaHUs OBIIM MPOBEAEHBI B MATH TOYKAX 3€MHOTO LIapa, U UX LENbl0 ObUIO cO3AaHue
0a3pl CyOBEKTMBHBIX MJAaHHBIX JJIs1 OIEHKHM KayecTBa pabOThl BO3MOXKHBIX aQJITOPUTMOB H3MEpPEHUS
IPOMKOCTH. B X0/l 3TUX HMCHBITAHWH YYaCTHUKH CONOCTABISUIM TPOMKOCTH Pa3lMYHBIX MOHO(OHHYECKHX
3BYKOBBIX 3alMCell C TPOMKOCTBIO 3TAJOHHOH 3amucH. 3BYKOBBIE 3amuCH ObUIM B3SITBI W3 peasbHOTO
paauoBENIaTeILHOTO MaTepraia (TeJIEBUISHUS U Pasno).

COBMECTHO C OSTUMU UCHBITAHUSAMH CEMb HWHHUIIMATOPOB TMpeacTaBuwiu B JlabopaTopuio CIyXoBOTO
Bocnpustus MccienoBarenbckoro neHTpa cBsizu (KaHana) necsiTh BHEIPEHHBIX H3MEpUTENEH/aropuTMOB
M3MEpeHHsT MOHO(DOHIYECKOW IPOMKOCTH /ISl KX OLIEHKH.

Kpowme Toro, B padorax Cynoapa (Soulodre) Obliiu mpecTaBieHbI ellle JBa 0a30BbIX alrOpUTMa U3MEPEHUS
IPOMKOCTH B KayecTBE OCHOBBI B OTHOLIEHMH TOKazaTeneil pabotel anroputma [Soulodre, 2004]. Otu aBa
MeTOoAa 0OBEKTUBHBIX U3MEPEHHUI BKIIIOUAIN MIPOCTYIO QYHKLHUIO CIEKTPaIbHOTO B3BELIMBAHUs, 38 KOTOPOH
cienoBasl OJNOK M3MEpEHUs] CpedHEKBagpaTHYecKoro 3HadeHus. OAMH W3 JABYX METOJOB W3MEpEHUi
(Leg(RLB)), ncrionb3yeT B3BEIIMBAIOILYIO KPUBYIO BEpXHHX 4acTOT, Ha3bIBaeMyro B-KpuBoii ¢ Koppekuuei
Mo HKHUM JacTotaM (RLB).

Hpyroii Metonm m3MepeHuit (Leq) 3aKimodaeTCs B HM3MEPEHHH HEB3BEIICHHOTO CPEIHEKBAIPATHUECKOTO
3HA4YCHUA.

Ha pucynke 5 mpezacraBieHbl pe3yJbTaThl HadajgbHOro uccienoBanud MCDO-R u3Mmepurens rpomMKocTH
Leg(RLB). 1o ropu3oHTanpHO# OcH TOKa3aHa OTHOCHUTEIbHas CyOBEKTHBHAs TPOMKOCTb, BBHIBEJACHHAS W3
0a3pl CyOBEKTHBHBIX IaHHBIX, M0 BEPTUKAJIBHONW OCH — T'POMKOCTB, NMPOTHO3MPOBAHHAS MPU H3MEPEHUHU
Leq(RLB). Kaxknast Touka Ha rpade npeacTaBiseT pe3ybTaT 0 OJHON M3 UCIOJIb30BAaHHBIX B UCIBITAHUAX
3BYKOBBIX TECTOBBIX IOcCHenoBaTenbHocTe. HesamrpuxoBaHHbIE KpPYKKH OTHOCATCS K 3BYKOBBIM
[OCNIEZ0BAaTENbHOCTAM Ha 0a3e pedH, a 3BE30YKU — K II0CIEI0BATEIbHOCTIM, HE coxepamuM peun. Kax
MOYXHO BHIETh, TOYKH JAHHBIX IUIOTHO TPYIMIUPYIOTCS BOKPYT AHWAroHald, OTpa)xkas OYEHb XOpollee
KadecTBO paboThl m3meputens Leg(RLB).
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PUCYHOK 5

PesyabTaTel m3mepuTesisi MoHOpoHHYecKol rpomkocT Leq(RLB)
B CPaBHEHHH C Pe3yJIbTaTaMH cy0beKTHBHBIX n3MepeHnuii (r = 0,982)
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Cy0bekTnBHOE yemienne (1) 1770-05

M3amepurens Leq(RLB) o0HapyXw1 HawIydmme TOKa3aTeId KadecTBa IO CPaBHEHUIO CO BCEMU
HCCJIICAOBABIIMMUCA U3SMEPUTEIIAMU (XOTH B @peaciax CTAaTUCTUYECKON 3HAUYMMOCTH HEKOTOPLIC
u3MepHuTean Ha 0a3e MCUXO0AKyCTHKHM TOXE MOKa3bIBAIM Xopollee kKauecTBO). OKa3aloch, YTO U3MEPHUTEIh
Leg pabotanm mouTtu Takke xopoiro, kak RLB. IlomydeHnsle pe3yabTaThl O3HAYAIOT, YTO JJI THIIOBOTO
MOHO(OHMYECKOTO PaMOBEIIATEILHOTO MaTepuasia MPOCTO MeTOoJ] WU3MepeHHs TPOMKOCTH Ha OCHOBE
SHEPTUM SBJISIETCSA CTOJIb XK€ YCTOWYUBBIM, YTO U OOJiee CIIOKHBIE METOJbI U3MEPEHUH, KOTOPhIE MOTYT
BKJIIOUAThH JIETAIM3UPOBAHHBIE MOJIETH BOCTIPUSATHSL.

3 Cxema anroputma Leq(RLB)

Anroputm wm3MmepeHus rpoMmkocTH Leg(RLB) cmenmansHO pa3pabarbiBajcsi Tak, 4TOOBI OBITH OYEHB
npocteiM. brok-cxema anroputma Leq(RLB) mokasana Ha pucyHke 6. OHa comepXHT (DUIBTP BEPXHHUX
4acTOT, 32 KOTOPBIM CIEAyeT YCTPOMCTBO YCpeOHEHHs 3Hepruu no BpemeHu. CurHan ¢ BeIxona (GuibTpa
nocTyrnaer B OJOK 0OpabOTKH, KOTOPBII CyMMHpYET 3HEPTHI0 M BBIUHCISIET CPEJHIOI BEJIWYHHY I10
BpPEMEHH.

3anadeil punpTpa sBIsIETCA OOECIeYeHre ONPEIeICHHOTO B3BEITNBAHMS, COOTBETCTBYIOIETO UyBCTBEHHOMY
BOCIIPHSITHIO, CIIEKTPAJIbHOTO COIEPKMMOro curHanga. OIHUM U3 TPEUMYIIECTB HCIONB30BAHUS ITOM
0a30BON CTPYKTYpPBHI JJIsi MU3MEPEHUN TPOMKOCTH SIBIISETCS BO3MOXHOCThH BBINIOJIHEHUS BCeil 00pabOTKH
MIPOCTBIMU OJIOKAaMH BPEMEHHBIX MHTEPBAJIOB, B OTHOIIEHUH KOTOPHIX TPeOyIOTCS BeChbMa HHU3KHE OOBHEMBI
BBIYHCIICHHH.

PUCYHOK 6

BJ1oK-cXeMa MPoOCTOro MeToAa H3MepeHHil F(POMKOCTH Ha 0CHOBE YHePrHH

X CriekTpasnbHoe Xy _ Leq (W)
—®  p3pemMBaHUE - % >
w

r

1770-06
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Anroput™m Leq(RLB), moka3zaHHBIN Ha pHUCYHKE 6 , — 3TO MPOCTO BapUaHT CO CIIEKTPAILHBIM B3BEIIMBAHHEM
METO/la U3MEPEHUsT IJKEUBANCHMHO20 YPOGHS 36YK06020 Oaenenusi (Leq). Leq omnpepensercss clielyrOLUM
oOpa3zoM:

2
Leq(W) =10 log,, 1 j " gy 1B, 3)
T %0 Xy
rae:

Xw:  CHUTHaJ Ha BBIXOJIE B3BEIIMBAIOIIETO (QUIBTPA;
Xpef: ~ HEKOTODKIN 3TAaJTOHHEIA yPOBEHD;

T: JUIMHa 3By1(0B0ﬁ moCJICA0BATCIIBHOCTH.

CumBon W B Leq(W) o3HauaeT cCrieKTpaibHOE B3BEUINBAHNE, KOTOPHIM B JaHHOM cllydae SBJisIack B-kpuBas
C KoppekIueii mo HmxHUM 9actotaM (RLB).

4 Cy0beKTHBHbIE HCTILITAHUS

I[JIS[ OLI€HKHU BO3MOKHBIX METOAOB MHOI'OKaHAJIbHBIX H3MepeHHﬁ TPOMKOCTHU HCO6XO,ZII/IMO ObLI0 IMPOBECTH
odunHaIbHble CyOhEKTHBHBIE UCTIBITAHUS, C TeM YTOOBI chopMHUPOBATH Oa3y CYOBEKTUBHBIX JaHHBIX. 3aTeM
MOTEHI[MAFHBIE aJTOPUTMBI H3MEPEHHs] TPOMKOCTH MOTJH OBITh OIEHEHBI MO CBOEH CIIOCOOHOCTH
MPOTHO3UPOBATh PE3YJNbTAThl CYOBEKTUBHBIX HCHBITaHWA. ba3za maHHBIX obecrneunBana 3HAYCHUS
BOCIPUHUMAEMON TPOMKOCTH JjIsl OOIIMPHOTO MaTepualia MOHO-, CTepeO- ¥ MHOTOKAHAJIbHBIX MPOTPAMM.
[IporpaMMHBIN MaTepHai, KOTOPBIH MCIIONB30BAJICA B XOJle UCIIBITAHUM, OBLT B3SAT U3 peallbHBIX Paguo- U
TEJCBU3MOHHBIX Tleperad M0 BceMy MHpPY, a Takke u3 3amuceir ma CD m DVD. 3BykoBble
IMOCJICAOBATCIIbHOCTH BKJIIOYA/IM MY3BIKY, TCICBU3UOHHBIC U KUHOIIPOIrpaMMbl, MaT€pUajibl O CIIOPTUBHBIX
MEpOIPHUATHAX, TIPOTPAMMBI HOBOCTEH, 3BYKOBBIE d3((eKTH U pekiaMy. B 3TH mocienoBaTeabHOCTH ObLIN
BKJIFOUEHBI CETMEHTHI PEeYH Ha PA3UYHBIX S3BIKAX.

4.1 Cxema cy0beKTHBHBIX HCIBITAHMI{

CyObeKTHBHBIE HCHBITAHUS 3aKJIIOYaIUCh B  COINOCTABICHWH YPOBHEH TPOMKOCTH. YYacTHHUKH
NPOCIYIIMBAJIN IIUPOKMH JWama3oH TUIIOBOTO MPOTPAaMMHOIO Marepuaja H peryjidpoBajll YpPOBEHb
TPOMKOCTH Ka)JI0r0 TECTOBOI'O 3JIEMEHTA /10 COBMAJCHUS €ro BOCIPUHUMAEMONW TPOMKOCTH C TPOMKOCTBIO
STAIOHHOTO CHTHAJIA (CM. PUCYHOK 7).

OTaJOHHBIA CUTHAJI BOCHPOM3BOAWICSA Bcerga Ha ypoBHe 60 nbA, —3To 3HadeHHe OBLIO OIMpEesIeHO
BeHkaMMHOM Kak THITOBOM YpOBEHb MPOCIYIIMBAHHUSA TPU MPOCMOTPE TENCBU3MOHHBIX MPOrpaMM B
peantpHBIX JOMAITHUX yCIoBHAX [Benjamin, 2004].

PUCYHOK 7

MeTtoauka cy0beKTHBHBIX HCIIBITAHMI

Oranon
McnbiTarenbHblii ' o
TEMEHT

1770-07

[IporpaMmMHO peanu3oBaHHAas CHUCTeMa JUIS TPOBEACHUS CyOBEKTUBHBIX HCHBITAHWMA MHOTOKaHAIbHBIX
U3MEpeHHHd, pa3paboTaHHas W MpenocTaBleHHas ABCTpPaJUICKON paauoBeIlaTeNbHON KOopropalue,
MI03BOJISAJIA CIIYLIATENI0 MOMEHTAIBHO HEPEKI0YaThCsl ¢ OAHOTO HCMBITATENbHOIO JJIEMEHTA Ha OPYTOH M
peryiIupoBaTh ypOBEeHb (TPOMKOCTH) KaKI0T0 dieMeHTa. CHUMOK 3KpaHa MpOrpaMMHOT0 oOecTieueHus s
NPOBEJICHUs] WCIBITAHUI TOKa3aH Ha PUCYHKE 8. YpOBEHb HCIBITATEIbHBIX 3JIEMEHTOB MOXKHO OBLIO
perymuposats ¢ marom 0,25 n1b. Beibop kHomkH, uMmetoniei MeTky "1", obecrieunBa 10cTyl K STAJIOHHOMY
CUTHally. YPOBEHb 3TAJIOHHOI'O CUTHAaJIa COXPAHSIICS TOCTOSIHHBIM.
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PUCYHOK 8

HHTepdeiic mosb30BaTe 1 CHCTEMBbI A5 IPOBEACHH Cy0beKTUBHbBIX HCIBITAHUN

i
H

—_
-3
~
¢
=3
x

C moMOmIbI0 KOMITPIOTEPHON KIIaBHATYyphl YYaCTHHK WCIBITAHWNA BBIOMpAN [aHHBIA HCIBITATEIHHBIN
3JIEeMEHT W PEryJupoBaj €ro YpPOBEHb JO COBMAJEHHS TPOMKOCTH JTOTO 3JIEMEHTa C TPOMKOCTBIO
STAIOHHOTO CHUTHAaNa. YYAacCTHUKA MOTJIM MOMEHTAIbHO TMEepeKouaThCsi Ha IO0OW HWCIBITATeNbHBIN
3JIEMEHT, BBIOWpas Ui TOTO COOTBETCTBYIOIIYIO KIIABUINY. B TedeHWEe HMCIBITaHWI IMOCIEI0BaTEIbHOCTH
BOCTIPOU3BOJIMIIMCH HETIPEPBIBHO (3aMKHYTast meTiis). [I[porpaMMmHoe obecriedueHre GUKCUPOBAIO YCTAHOBKH
YCUJIGHUS! U1 KaXXIOTO HCITBITATENILHOTO 3JIEMEHTa, ONpelelieHHble yYacTHUKOM. Takum oOpa3oM, B
pe3ynbraTe CyObeKTHBHBIX MCIBITAHUN (OpMHUpOBAIICS HAOOp 3HAYeHUH ycuileHus (B nenubenax), KoTopble
TpeOOBaMCh IUII COBMAAEHUS TPOMKOCTH KaKAOW TECTOBOM IOCIENOBATEIbHOCTH C TPOMKOCTBIO
9TaJIOHHON TMOCJIEN0BaTENbHOCTH. OTO IMO3BOJISAJIO HANpPSAMYyIO OMNPEAENsATh OTHOCHUTENBbHYIO TI'POMKOCTBH
Ka)KIO0TO UCTIBITATENIFHOTO AJIEMEHTA.

Jo mpoBenennsi ohUIIMAIBHBIX HMCIBITAHWN BCIEMYI0 KaXIbl yYaCTHHK ITOCETHI ydeOHOe 3aHsTHe, Ha
KOTOPOM 3HAaKOMMJICS C MPOTPAaMMHBIM 0OECTIeYeHHUEeM WCTIBITAHUI U C 3a/aueil, KOTOPYIO OH JTOJDKEH OBLI
BBITIOJHATH B X0/1€ IKcIepuMeHTa. [1ocKoIbKy MHOTHE UCTIBITATENbHBIE DIEMEHTBI COJEPKAIN CMECh PEUH U
IpYTHX 3BYKOB (My3blKa, (OHOBBIE IMyMBI W T.7[.), YYacTHHKaM CIENHaJbHO YyKa3blBAJIOCh Ha
HEOOXOJMIMOCThH COMOCTABIICHHSI TPOMKOCTH OOIIETO CUTHAIIA, & HE PEeYeBOT0 KOMIIOHEHTA CUTHAJIOB.

B xome oduimanbHbIX HUCHBITAHWN BCIEMYIO MOPSJIOK MPEACTABICHUS MOCIEIOBATEILHOCTENH KaXI0My
YYaCTHUKY ObUT MPOU3BONIbHBIM. TakiM 00pa3oM, BceM YYaCTHHUKAM IMOCIEeI0BATEILHOCTH MPEACTABIISIINCH
B pa3HOM Topsake. JTo ObUIO clIelaHO BO M30ekaHWe JI000H BO3MOXKHON CHCTEMAaTHUECKOW OIMMOKH,
00y CIIOBJIGHHOW BIMSIHHEM MOPSIKA.

4.2 ba3a cy0beKTHUBHBIX JaHHBIX

ba3za cyOBbEeKTHBHBIX JaHHBIX, KOTOpas MCIIOJIb30Bajach Ul OLIEHKM KadecTBa IPEeAaraeMoro ajaropurMa,
cocTosia (DaKTUUECKH M3 TpeX pa3NuuHbIX 0a3 AaHHBIX. Habopbl JaHHBIX OBLTM CO3AaHBI MO pe3yJbTaTaM
TpeX HEe3aBUCHMBIX CyOBEKTHBHBIX UCIIBITAHUH, TPOBEIEHHbBIE B TEUCHHE HECKOJIBKUX JIET.

[lepBblii HaOOp HaHHBIX COCTABISUIM PE3yJbTaThl INEepBOHAYajbHOro uccienoBanuss MCD-R, B xonme
KOTOPOTO yYacCTHUKH COTOCTABISUIA BOCIPUHMMAEMYIO0 TPOMKOCTH 96 MOHOQOHMYECKHX 3BYKOBBIX
nocjaenoBatenbHOCTe. [ co3maHus 3Toro Habopa JaHHBIX CYOBEKTHBHBIE WCIBITAHUS MPOBOAWINCH B
ITH Pa3IM4yHBIX TOYKAaX 3€MHOr0 IIapa M B HUX YydacTBoBanu 97 ciymarteneid. VcmplTaTenbHble
[10CJIEJ0BATENFHOCTH M 3TAJIOHHBIN 3JIEMEHT BBIOMpaa IpyIa U3 TPeX YeIOBEK, B KOTOPYIO BOLIUIM YJICHBI
SRG3 PI' 6P (CnmeumanbHas Tpyla AOKJIATYMKA). DTAIOHHAS TOCIEIOBATEIBHOCTh B 3TOM HCIBITAHHUH
colepkana peyb Ha aHIJHMHACKOM S3bIKE, MPOU3HOCUMYIO MKEHCKMM TojocoM. BocmpousBeaenue
[10CJIEJ0BATENbHOCTEH OCYIIECTBISIIOCh Yepe3 OJMH I'POMKOTOBOPUTENb, PA3MEILECHHBIH HENOCPEICTBEHHO
HaNpOTHB CIyLIaTeNs.
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[Mocne mepBoHawampHOrO MOHOQOHWYECKOro uccienoBanus MCD-R psag MHUIMATOPOB, MPEACTaBUBIINX
ANTOPUTMBI, BBIBHHYJIHM TPEIINOI0XKESHHEe, YTO AWANa30H W THI CUTHAJOB, KOTOPbIE HCIOJIB30BAINCH B
CyOBEKTHBHBIX HCIBITAHUAX, HE OBLIM JOCTaTOYHO IMMpOKMMH. OHU Janee MPEANONOKHUIN, YTO B 3TOM
3aKII0YaIach MpUIMHA TOTO, YTO MPocToi anroput™ Leg(RLB) Ha ocHOBe sHEpPTHUH MPEB3OIIEN 110 KA4eCTBY
paboTHI BCe APyTHE AT OPUTMEI.

st Toro 4ToOBI paccesTh 3TU COMHEHUS, MOJHSBIINM BOIPOC OBUIO MPEIJIOKEHO MPEIACTABUTH HOBYIO
3BYKOBYIO TIOCIEAOBATENBHOCTh MJISI CIENYIONMETO payHOa CYOBEKTUBHBIX HWCHBITaHUN. KM  ObLIO
PEKOMEHIOBAHO MPEICTaBUTh MOHO(OHUYECKHE IMOCIIEOBATEIHBHOCTH, KOTOPhIE, 110 UX MHEHUIO, SBUIUCH
Obl HamOonee cinoxHbIMU Ui anroput™ma Leq(RLB). HoBble mocnenoBaTeabHOCTH MPEACTABUIN TOJBKO
JIBO€ U3 BBICKA3aBIIUX COMHEHUS.

OduupnanpHble cyOBEKTHBHBIE MCIBITAHUS C 3TUMH HOBBIMH IOCJIENOBAaTENbHOCTSIMU OBLIM MpPOBEIEHBI B
Jlaboparopun ciyxoBoro Bocmpuatus HccmenoBarenbckoro meHTtpa cBs3u (Kanmama). ['pomkocts 96-TH
MOHO(OHHUYECKUX MOC/IeaoBaTeIbHOCTEH onpenessid 20 yYacCTHUKOB HCHBITaHUH. B 3THX HcHBITaHHAX
UCII0JIb30BAJIach Ta K€ METOAMKA CyObEKTUBHBIX UCIBITAHHUM, YTO U PH CO31aHUM NIEPBOro Habopa JaHHBIX,
U TOT € DTAJIOHHBIA CUTHAJ. Pe3ynpTaThl 3THX HWCIBITAHUA COCTABWJIM BTOPOH HAOOp MaHHBIX Oa3bl
CyOBbEKTUBHBIX JaHHBIX.

Tperuit HabOp JaHHBIX COCTOSAT W3 3HA4YEHUH TpoMKOocTH I 114-TM 3BYKOBBIX TOCIENOBATEIHHOCTEH.
HcnpITaTensHble MoCaeJ0BaTebHOCTH coiepKaii 48 MOHOOHUYECKUX 3JIeMEHTOB, 48 cTepeodoHrYecKuX
3JIeMEeHTOB M 48 MHOTOKaHAIBHBIX 3JeMeHTOB. Kpome Toro, mojoBWHa MOHO(OHHYECKHX 3SJIEMEHTOB
BOCTIPOM3BOJIMIIACH Yepe3 LIEHTpaIbHBIN KaHall (MOHO), a Ipyras MoJIOBHHA MOHO(OHUYECKUX 3JIEMEHTOB —
yepes JIeBbIM U MpaBblii TPOMKOTOBOPUTENH (IBOMHOE MOHO). DTO OBLIO CAENaHO, C TeM YTOOBl YUHUTHIBATh
JBa TPUCYLIMX YENOBEKY Pa3lMYHBIX CHOco0a MpOCIyMIMBaHUS MOHO(OHHYECKOro curHana. s storo
VCTIBITaHMsI STAIOHHBIN CUTHAJ COEpKall pedb Ha aHTTIMIICKOM S3bIKE, TPOU3HOCHUMYIO KEHCKHM T'OJOCOM,
CO CTEepPeOPOHMUYECKHM aKyCTHUECKUM OKPYKCHHEM H MY3bIKaJbHBIM ()OHOM HHU3KOTO YPOBHS.
B ucneiTanusax ydactBoBanu 20 4esoBEK M HCMONB30BANACh CXEMa PACIHOJIOKEHHS T'POMKOTOBOPHUTEIEH,
onpenenearas B Pekomengarmu MCD-R BS.775 u npeacraBinennas Ha puCyHKe 9.

PUCYHOK 9

Cxema pacnoJioKeHus rpOMKOFOBOpHTeJ’Ieﬁ, KOTOpasi HCI0JIb30BAJIaCh Il cl)opanosamm TPpEThEro Haﬁopa JAAHHBIX

1770-09

JBa  mepBeix Habopa  [MaHHBIX OBUIM  OTPaHWYEHBl  MOHO(MOHHYECKUMH  WCHBITATENbHBIMA
MOCIIE0BATEILHOCTSAMH, MMOITOMY CO3JIaHHE 3BYKOBOTO 00pa3a He SBJSUIOCH BIMSIOMNM (aktopoM. [Ipu
CO3JJaHMU TpeThero HabOpa [aHHBIX, KOTOPHIM BKJIIOYANl TaKKe CTepeo- W MHOTOKaHaJbHbIE
MOCTIeI0BATENIFHOCTH, CO3/IaHue 00pa3a SABISIIOCh BAXKHBIM COOOpayKeHHEM, KOTOPOE CIIE0BAIO0 YIUTHIBATS.
[IpencraBnanoch, 4To co3laHue oOpa3a M aKyCTHUECKOe OKPY)KEHHE B MOCIEeI0BAaTEeNIbHOCTH IO BCel
BEPOATHOCTH MOTYT OKa3blBaThb 3HAYUTEIbHOE BO3JEHCTBHE Ha BOCHPHUHUMAEMYIO TPOMKOCTh ITOU
rocienoBaTeNnbHOCTH. TakuM 00pa3oM, s BKJIFOYEHHWS IIMPOKOTO JHMana3oHa BHIOB co3laHus obpasza
(HampuMep, LEHTpaJbHOE MaHOPAaMUpPOBAaHUE — pe3Kas TpaHWIa 3ByKa MEXIYy JIEBBIM/TPaBbIM KaHaJaMH,
WUCTOYHMKHM 3ByKa HANpOTHUB — UCTOYHUKH 3ByKa BOKPYT) M MeEHSIOIIErocs o0beMa aKyCTHUYECKOTO
OKpY>KeHMsl (Hampumep, cyxoe 3BydaHue — peBepOepauusi) ObUIM BBIOpaHBI CTEpeO- M MHOTOKaHaJIbHbIE
MOCTIeI0BaTENFHOCTH.
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ToT (akT, 4TO YYaCTHHKH HCTIBITAHUN JOJDKHBI OBUTH OJTHOBPEMEHHO COMOCTAaBJISAThH TPOMKOCTH CHUTHAJIOB
MOHO, JIBOHOTO MOHO-, CTEPE0- U MHOTOKAHAIBHBIX CUTHAJIOB, O3HAYAJ, YTO 3TH WCIBITAHUS SBISINCH 110
CBOEMY CYINECTBY 3HAUUTEIHHO CIIOKHEE HWCIBITAHWHA MO COCTABICHUIO TMPEIBIAYIINX HAOOPOB NAHHBIX,
KOTOpble OBUIM  OTpaHWYCHBI MOHO(DOHWYECKMMH CHTHAJIaMH. JTa CIOXHOCTh  yCYryOmsiach
UCIIOJIb30BAHMEM PA3IHUYHBIX BUJIOB CO3JaHUs 00pa3a M MEHSIOIIErocs 00beMa aKyCTHUYECKOTO OKPYIKCHHMS.
Cyl11ecTBOBAJIM OIPENICIICHHBIC COMHEHHS, UYTO BCJICICTBUE BCEX 3TUX (DAKTOPOB 3ajada JJIs Y4aCTHUKOB
HUCIIBITAHUN OKa)kKeTcs HermocminbHOM. K CHaCTblO, MPEABAPUTC/IbHBIC HCIBLITAHUA IIOKasain, 4TO 3aJdavda
SIBJIACTCS. BBIMIOJHUMON, M Bce 20 y4aCTHHUKOB OKa3ajllCh B COCTOSIHMM OOECIIeUMBATH JIOCTOBEPHBIC
pe3yJIbTaThl.

5 Cxema airopuT™Ma MHOTOKAHAJIBHOTO H3MePeHUs] TPOMKOCTH

Kaxk 65110 yKa3aHo BhIMe, anroput™ Leq(RLB) 0511 co3man mist paboThl ¢ MOHO(DOHWIECKUMHU CUTHAIAMH, U
paHee MpOBEJEHHOE HWCCIENOBaHUE MOKA3al0 BBICOKYIO I(P(QEKTUBHOCTh AITOPHTMA ISl ITOH 3a7advw.
Pa3zpaboTka anropuTMa MHOTOKaHAIbHOTO M3MEPEHHS T'POMKOCTH OOYCIOBIMBAET PAM JOMOTHUTENbHBIX
cioxkHocTel. KiroueBuIM Tpe6OBaHI/IeM, NpeABABIAEMBIM K MHOI'OKaHaJIbHOMY aJITOPHUTMY, SABJIACTCA €ro
CHOCOOHOCTh paboTaTh Takke d()(EKTHBHO C CHUTHANaMH MOHO-, JBOWHOTO MOHO- M CTEPEOCHIHAJaMHU.
OTO0 3HAYUT, YTO ITH (POPMATHI JOJHKHBI pacCCMATPUBATHCS KaK 0COOBIE Clydal MHOTOKaHAJIBHOTO CHTHAalla
(XOTsI OHM U ABJSIOTCS BECbMa OOIIMMHU CITy4asiMu).

B HacToslleM HMCCIETOBaHWU TMPEANONAraioch, 4YTO MHOTOKAHAIbHBIE CHIHAJIBI COOTBETCTBYIOT
CTaHAApTHON KoHuUTyparmmu KaHajgoB 5.1 Pexomenmammm MCDO-R BS.775. Vuer kamama LFE nHe
OCYIIECTBIISICS.

B MHOrokanaapHOM U3MepHUTEJIE€ TPOMKOCTH TPOMKOCTh Ka)KIOrO OTAEIBHOIO 3BYKOBOTO KaHania
u3MepsieTcss HE3aBUCHMMO C MOMOIIbI0 MoHodoHuyeckoro ainroputma Leq(RLB), kak mokazaHo Ha
pucynke 10. Bmecte ¢ Tem, B KaxaoM KaHale J0 BbIMonHeHUWs w3MmepeHus Leq(RLB) BoimomHseTcs
npeaBapuTenbHas GuiabTpauus.

PHUCYHOK 10

Baok-cxema npeajaraéMoro MHOroKkaHaJIbHOro H3MepuTeJ/iss rpoOMKOCTH

X, Hpema?gﬁgfgbumi_ ®unstp RLB Ye (i\%?ii}gg? Z G,
Xe_, Hpen?g;gfgwmﬁ_ ®umstp RLB Yr Ck%zﬁ%yg‘l Zp Gy _\
X : Hpem?;%:fghuuﬁ_ ®umstp RLB Ye C}&Zﬁ%ﬁ? Ze G. —» I'pomkocTh
i > Hpemi]a)lgﬁ;egbubu,_ dunetp RLB Yo CK%ZZL}]I)I:I;I Zi Gl‘s _/
e pfpempneninal [ guprin [ Yo [ Cpemi 120 G,
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3agaueil mpeaBapUTEIbHOTO QUIbTPA ABISETCS OoOecleYeHHe yueTa aKyCTHYeCKOTO BO3JEHCTBUs, KOTOpoe
OKa3bIBae€T Ha BXOJIHOW CHUTHAJ TOJNOBHL. [Ipm 3TOM TonoBa Mojmenupyercs Kak jkecTkas chepa. B kaxmgom
KaHaJle WCIOJNB3YeTCs OJWH W TOT K€ TMpeABapUTeNbHBIH QuiubTp. [lamee pe3ynbTHpyloNne 3HaYEHUS
rpoMKocTH B3BemmBaroTcs ((;) B COOTBETCTBHM C yTJaMH NPUXOAa CHTHANA, a 3aTeM CYMMHPYIOTCS
(B nmuHeliHOW o00macTh) IS TONYYSHHS COCTaBHOTO 3HAYCHHS H3MeEpsSeMOil TPOMKOCTH. Bi3BermmBanue
UCTIOJB3YeTCs, C TeM YTOOBI y4ecTb TOT (PAaKT, YTO 3BYKH, MOCTYMHAMOIINME K CIYIIATeN0 C3aJd, MOTYT
BOCIIPpUHUMATLCSA MM Kak Oonee T'POMKHE I10 CpaBHCHHUIO CO 3BYKaMH, IMOCTyHarOIMMHU OT MCTOYHHKA,
PacToJI0XKEeHHOTO HalpOTHUB.

KiroueBblM MpenMyIlecTBOM MPEAJaraeMoro ajropuTMa MHOTOKAHAIBHOTO HW3MEpPEHHUs TPOMKOCTU
SIBJIIETCSL €r0 MPOCTOTa. ANTOPUTM IIOJNIHOCTBIO COCTABIISIIOT OYEHb IMPOCThIe 0a3oBble OIIOKKM 00pabOTKH
CUTHaJa, KOTOphIe MOTYT OBITh JIETKO M OBICTPO pEeaTM30BaHbl C MOMOIIBIO HEIOPOTOro armmapaTHOTO
obOecniedeHus. J{pyruM KIIFOUEBHIM MPEUMYIIECTBOM AITOPUTMA SBISETCS €r0 PacCHIMPSEeMOCTh. Y UUTHIBAS,
YTO BO BCEX KaHalax NpHUMEHSeTCs HACHTHYHAas o0paboTka, OYeHb MPOCTO PEeaTn30BaTh H3MEPUTEINb,
KOTOPBIH MOKET paboTaTh ¢ JOOBIM KOJMYEeCTBOM KaHaioB oT 1 1o N. KpoMe Toro, mMoCKOIBKY CHTHAIBI OT
K)KJIOTO KaHaJla CYMMHPYIOTCSI KaK 3HaU€HUS TPOMKOCTH, a HE KaK YPOBHU CHTHAJa, aITOPUTM HE 3aBUCUT
OT MEXKaHaJIbHOHM (ha3bl WIIM KOPPEISIUHA. DTO JIeNlaeT NpeajaraeMoe n3MepeHne TPOMKOCTH 3HAYUTENBHO
0oJiee YHUBEPCATBHBIM M YCTOWYMBEIM.
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6 OneHka MHOTOKAHAJIBHOTO AJITOPATMA

Ucnonp3zoBanHble A7 Tpex HAaOOpOB AaHHBIX 336 3BYKOBBIX IMOCIIEOBAaTENbHOCTEH OBIIM 00paboTaHBI ¢
MOMOIIBIO TPEIaraéMoro MHOTOKaHaJbHOTO alropuTMa, W OBUIM 3aperucTPUpPOBaHbl MPOTHOZUPYEMBbIE
3HAYeHUs TPOMKOCTH. [lo UTOram 3TOrO MpoIecca MOKHO OBUIO OLEHUTH OOIIHMH YPOBEHb 3(PPEKTUBHOCTH
paboTBl JAHHOTO aNropuTMa HAa OCHOBAaHWM COBMAJCHUS IIPOTHO3MPYEMBIX 3HAYEHHH W PeasbHBIX
CyOBEKTUBHBIX 3HAUYEHH, TIOyYEHHBIX B X0/I¢ OPHUIUAIBEHBIX CyObEKTUBHBIX UCTIBITAHUH.

Ha pucynkax 11,12 wu 13 B rpaduyeckoii Qopme mnokazaHa 3¢PQPeKTHBHOCTH PabOTHl MpeaaraeMoro
U3MEpUTENs TPOMKOCTH 10 TpeM HabopaM AaHHbIX. Ha Kax1oM pucyHKe 0 TOPU30HTAIIBHONH OCH OTMEUYEHBI
3HaYeHHs] CYOBEKTMBHON T'POMKOCTH Ka)KAOHW 3BYKOBOH TMOCienoBaTeIbHOCTH B Habope aaHHBIX. llo
BEPTUKAIBbHOW OCH TOKa3aHbl 3HAYEHUS OOBEKTHBHON T'POMKOCTH, MPOTHO3MPOBAaHHBIE MpeLiaraeéMbIM
u3MepuTenaeM rpomkoctd. Kaxnas Touka Ha rpaduke mpencTaBisieT pe3ylbTaT IUIl OTAEIbHOM 3BYKOBOM
nocnenoBaTeabHoCcTU. ClieayeT 3aMeTHTh, YTO B CIIydae MIACAJbHOIO ajJrOpUTMa OOBEKTUBHBIX W3MEPEHUH
BCe TOYKM MOMaiu Obl HAa JMAaroHallb, KPyTH3HAa KOTOPOi paBHa 1 M KOTOpas MPOXOAWT Yepe3 Hadajo
KOOpIMHAT (KaK MOKa3aHO HA PUCYHKaX).

PUCYHOK 11
Pe3yabTaTsl A/ nepBoro (MoHopHHYeckoro) HaGopa naHHBIX (¥ = 0,979)
20 T T I 0 T l
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N A ﬁ : j
-10 . : : 7
~15 1 1 1 I 1 1
-15 -10 -5 0 5 10 15 20
Cy0ObekTHBHAs TPOMKOCTS (1B)
A 1-11 HaGOp JAHHBIX 1770-11

Kak BugHO mo pucyHky 11, mpezyiaraeMplii alropuTM MHOTOKaHaJbHOTO M3MEpPEHUs] TPOMKOCTH paboTaer
OYEHb XOPOILO, MPOTHO3UPYSI PE3YNbTaThl 1is MepBOro (MOHOPOHUUECKOT0) Habopa naHHbIX. Koppensuus

MEXIYy 3Hau€HUSAMU CYOBEKTHMBHOM T'PDOMKOCTH M H3MEPEHHSIMH OOBEKTMBHONW TI'POMKOCTH COCTaBIISET
r=10,979.

Kak BuaHo mo pucyHKy 12, Koppemsuusi MeXAy 3HAa4eHUSIMH CyObEKTHBHOW TPOMKOCTH M MU3MEPEHHSIMHU
00BEKTUBHOH TI'POMKOCTH [UIsi BTOPOro Habopa IaHHBIX Takke BecbMa yjaoBieTBopurenbHas (v = 0,985).

I/IHTepCCHO OTMCTHUTH, YTO OKOJIO IIOJIOBHHBI MOCJIEIOBATEIFbHOCTE B JTOM Ha60pe JAaHHBIX ObLIH
MY3bIKaJIbHBIMU.
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PUCYHOK 12
PesyanTaTtsl 1i1st BTOporo (MoHo(pHHYeckoro) Hadopa gaHHbIx (r = 0,985)
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CyObekTHBHaA IPOMKOCTH (1B)
0O 2-# Ha0Op JAHHBIX 1770-12

PUCYHOK 13
Pe3yabTaThl 1UIsl TpeThero (MOHO-, CTEPeO- H MHOTOKAHAJIBLHOr0) Hadopa xaHHbIX (r = 0,980)
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CyObexTHBHas IPOMKOCTH (1b)
O 3-# Habop JaHHBIX 1770-13

Ha pucynke 13 moka3aHbl pe3yjbTaThl JUIsi TPEThEr0 HaOOpa NaHHBIX, KOTOPBIA BKIHOYA MOHO-, CTEPEO- U
MHOTOKaHaIlbHBIE CUTHAJBl. Pe3ynmpTaThl N MHOTOKAaHAIBHBIX CHUTHAJIOB, MOKa3aHHBIE Ha pHUCYHKax 13
1 14, OTHOCATCA K YKa3aHHOMY aJITOPUTMY, HO B3BEHIMBAaHWE IO THIJIOBBIM KaHamaM OBLIO yCTaHOBIIEHO
paBHbIM 4 1b (ucxoxHoe mpeoxeHre) BMecto 1,5 n1b (okoHuarenbHas cneuudukanys). beito nposepeHo,
yTo n3MeHeHne 3HadeHus c¢ 4,0 nb mo 1,5 1b He oka3pIBaeT Kakoro-nuOO CYIIECTBEHHOTO BIIMSHUS Ha

pe3ynbraTel. M omATh alroOpUTM TMOKa3all BEChMa yIOBIETBOPHUTENHHOE KaueCTBO PAa0OTHI ¢ KOppEesIuei
r=0,980.
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[Tone3no mpoBepuTh 3¢ (HEKTUBHOCTE PabOTHI ANTropuUTMa s BceX 336 3BYKOBBIX IMOCIENOBATEIBHOCTEMH,
KOTOpBIE COCTaBMIN 0a3y cyObEeKTUBHBIX JaHHbBIX. [l03ToMy Ha pucyHke 14 cBeleHBI BMeCTe pe3yibTaThl 10
BCEM TpeM HabopaMm AaHHBIX. MOXXHO BUJIETh, 4TO 3(P(PEKTUBHOCTH paOOThI BEChMa yIOBIETBOPUTEIIbHAS
IUTs Beelt 0a3bl CyObeKTHBHBIX JaHHBIX, 001as Koppensaus coctasisier » = 0,977.

PHUCYHOK 14
O0beauHeHHbIE pe3y/IbTaThl 11 BeeX Tpex Habopos JaHHBIX (1 = 0,977)
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Cy0OnekTuBHAasI TPOMKOCTE (15)
A 1-i1 Habop MaHHEBIX
O 2-i HaOOp JTaHHBIX
O 3-i1 Habop JaHHBIX 1770-14

Pe3ynbraTel 3TOW OLIGHKH I[IOKa3bIBalOT, 4YTO aITOPUTM MHOTOKAaHAJIBHOTO W3MEPEHUs TPOMKOCTH,
OCHOBaHHBIH Ha wu3MepeHnn TpoMKocTH Leq(RLB), ¢GyHKIMOHUpYeT oOYeHb XOpOIIO CO BCEMHU
336 mocnea0BaTeNbHOCTIMU  0a3bl CYOBEKTHBHBIX JAaHHBIX. ba3a CYOBEKTHBHBIX [AaHHBIX COACPIKUT
LIMPOKUHA Juana3oH IPOrpaMMHOIO MaTepuala, BKJIIOYas MY3bIKY, TEJIIEBU3MOHHBIE UM KHUHOIPOIPAMMBI,
MaTepHaibl O CIOPTHBHBIX MEPOIIPHUATHSIX, IPOTPaMMBI HOBOCTEH, 3ByKOBbIe 3 (eKTH 1 pekinamy. Takxe B
9TH TOCJIEZIOBATEIFHOCTH OBIJIM BKJIFOUEHBI CETMEHTHI PeUr Ha pa3IMyHBIX s3bIKax. Kpome Toro, pe3ynbraTs
MOKA3bIBAIOT, YTO MpeajaracMblii U3MEPUTENIb TPOMKOCTH XOpOIIO padoTaeT B ciydyae MOHO(DOHMYECKHUX,
JIBOMHBIX MOHO(OHHYECKUX, CTEPEONOHNUECKUX, & TAK)KE MHOTOKAHAJIbHBIX CUTHAJIOB.

CnpaBqume AOKYMEHTBI

SOULODRE, G.A. [May 2004] Evaluation of Objective Loudness Meters, 116th Convention of the Audio
Engineering Society, Berlin, Preprint 6161.

BENJAMIN, E. [October, 2004] Preferred Listening Levels and Acceptance Windows for Dialog
Reproduction in the Domestic Environment, 117th Convention of the Audio Engineering Society,
San Francisco, Preprint 6233.
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IIpunoxenue 2

PykoBoasimune NpuHUMIBI 1J151 TOYHOTO H3MEpPEeHHs
"MCTHHHOT0 MUKOBOTO' YPOBHSA

B nactosuem IlpuiosxeHnn npeacTaBieH alfOPUTM OLEHKH UCTHHHOTO MMKOBOTO YPOBHSI OJHOKaHAIbHOTO
u¢poBoro 3BykoBoro curHaia ¢ juHedHo MKM. Yactora aumckperwsanuu npuHsTta paBHod 48 xl'w.
VcTUHHBIA THKOBBIH YpOBEHb —3TO MaKCHMajbHOE (TOJNIOKUTEIbHOE WM OTPULATENbHOE) 3HAaYeHHE
CUTHajla B T€UCHHE HEMNPEPhIBHOTO MHTEpBaja BPEMEHM; 3TO 3HAUYEHHE MOXKET OBITh BbIIIE HAaHOOJBILETO
3HaYeHWsl OTCYeTa B paMKax BPEMEHHOH BBIOOPKM MpH dacToTe Auckperusaumu 48 k1. Anroputm
o0ecrevrBaeT OLEHKY CHTHana W (aKyJIbTaTHBHO — OLIEHKY CHTHaja, KakuM OH ObL1 Obl, ecnu Obl Kakoe-
aub0 PpacroNoXXeHHOe Jajee O0O0OpyAOBaHME YAausylo Obl IOCTOSHHYIO COCTABISIIOILYIO CHTHAlA.
@DakynbTaTUBHOE MSTKOE BHICOKOUACTOTHOE MPEABICKAKEHUE B TPAKTE CUTHAJIA IPH U3MEPEHUH [TUKA MOXKET
o0ecrnieunBaTh BO3MOXHOCTh TOTO, YTO aJlTOPUTM OYAET MpeoCTaBIATh Oojiee BHICOKUN MHUKOBBIN YPOBEHBb
IUISl BBICOKOYACTOTHBIX CHUTHAJIOB TI0 CPaBHEHHIO C PealbHBIM. DTO 00YCIOBIEHO TeM, YTO (pa30Bbl€ CABUTU
Ha TIOCNIEAYIONIMX JTanax o0paboTkm curHajga (Hampumep, GuUabTpel HalkBucTa) MOTYT BBI3BIBAThH
yBeIMYEHHE THKOB BBICOKOYACTOTHBIX CHUTHAJOB, M B psjie NPHIOKEHUH 5Ta (YHKIHS MOXKET OBITh
NOJIE3HOM I oOecnedeH st OOJblIei 3alUThl OT MOCIEAYIOIETO CPEe3aHusl UMITYIbCOB.

1 Pe3rome

Oranbl 00paboTKH:

1 Ocnabnenue: ocnadnenue Ha 12,04 nb

2 4-KkpaTHas nepeIucKpeTu3anus

3 [IpenpickakeHns: TONOYHBIA GUIBTP TpenbicKakeHuH, Hyiab Ha 14,1 kI'm, momoc Ha 20 k'
(dakynpTaTUBHO)

4 brok mocTosiHHOTO TOKA ((haKyIbTaATUBHO)

AOGcoiroTHOE: a0COIIOTHOE 3HAUYEHHE

MAKC: obHapyxeHHe HauBBICIIET0 3HaueHUs ((PaKyJIbTaTUBHO: BKIIOUAETCS, €CITM BKIIOYCH OJIOK
MOCTOSTHHOTO TOKQ).

Omnpenenenue aOCOMIOTHOTO 3HAYEHHUS IO M TOCJIe OJI0OKa MOCTOSHHOTO TOKA MO3BOISET OCYUIECTBISTH
OIIEHKY MTUKOBOTO YPOBHS CHUTHAJA B TEKYIIeW TOUYKe M3MEPEHHH, a TAK)Ke OLIEHKY MUKOBOTO YPOBHS, €CIIH B
KaKOM-JIM0O CIIeyIOIIEM Jaliee yCTPOHCTBE MOCTOsIHHAS COCTABIISIIOILAs CUTHANA YalseTcs.

2 Baok-cxema
= n 4kparnan || [peavickaxeHne »| Abcomornoe |
Bxog =P Ocnabnenne S (baxymsraTnBHO) Brixon 1
B i- ----- 1 Wi
1
1
@aKy/IETaTUBHO MAKC | — 1 & Brixon 2

Y brox Y

IIOCTOSAHHOI'O
TOKa

AGCoNOTHOE

—>

1770-15



16 Pex. MC3-R BS.1770

3 IMo1HOE onMMcanue

[epBrIii mar 3aknrodaeTcs B mMpuMeHeHuW ociabiienus Ha 12,04 nb (casur Ha 2 paszpsana). Llens atoro
mrara — o0ecriedyeHue 3amnaca 1o YpoBHIO JUIS MOCIEAyIoeil 00paboTKN CUTHANA, B KOTOPOW MPUMEHSETCS
IIEJ0YNCIICHHAs apudMeTHKa. DTOT IIar He TpeOyeTcs, CIM BRITOTHIIOTCS pacueThl ¢ IIaBatoIeil 3armsTom.

OunbTp ¢ 4-KpaTHOUW NEpenucKpeTU3alrel yBelIWnYuBaeT 4acTOTy OUCKpeTu3auuu curHana ¢ 48 kl'u no
192 x['1. DTOT BapWaHT CHWTHAJTA C TOBBIIICHHONW YacTOTOW IHCKpETH3allMi 0ojiee TOYHO TOKAa3hIBAET
peanbHyto hopMy KoJIeOaHUM, MPEACTaBICHHYIO B CUTHae. [IpeimouTUTEIbHO KCII0JIb30BaTh MOBBIIIICHHBIC
3HAYEHMs] YacTOThl JUCKpeTM3auuu u Kodpduuuentsl mnepeauckpernzanuu (cM. JlononHenne 1k
HactosimeMy [lpunoxennro). BxomHble CUTHaNBI, WMEMOIIME TOBBIINIEHHYI0 YacTOTy JWCKPETH3AIlWH,
TpeOYIOT MPOMOPIMOHATFHO MEHBIIEH MepequCKpeTH3alnuy (HampumMep, I BXOAHOTO CUTHAJIa C 4aCTOTOU
quckpern3anuu 96 k' 1ocTaTodHo OyneT 2-KpaTHOM TUCKPETHU3alnN ).

Hanmnume dakynapraTBHOTO '"mOM0YHOTO" GWIBTpa MNPEABICKAKCHWHA SBISETCS MPUYMHONW TOTO, YTO
QITOPUTM MMOKA3bIBACT MOBBIIICHHBIN MUKOBBIA YPOBEHbB JIJISl BRLICOKOYACTOTHBIX KOMIIOHEHTOB CUTHAjA. JDTO
MOXXHO JielaTh, MPUHMAMAas BO BHUMaHHE TO, YTO 3HAYHWTEIHHO CIIOKHEE W3MEpATh W KOHTPOJIHMPOBATH
MUKOBBIE  3HAYEHUS  BBICOKOYACTOTHBIX  KOMIIOHEHTOB  CHTHaja  BCJIEICTBHE  TUCTIEPCHOHHBIX
(dazoBbiii cnBUT) 3P PEeKTOB, BOZHUKAIOIIMX B MHOTOYUCIICHHBIX (uiabTpax HalikBuCTa, KOTOpBIE YacTo
UCTIOJIB3YIOTCS B LIEMH CIIeI0BaHUS PaJHOBEIIaTEeIbHOTO CUTHAA.

@akynbTaTUBHBIN 3arpakKIaroluidi (UIBTP MOCTOSHHOTO TOKa INPHMEHSETCSs B Cilydae, KOrja CHTHA
SBISIETCS KpailHe acUMMETPUYHBIM WM B HEM IPUCYTCTBYET CMEIEHHE TMOCTOSIHHOW COCTaBIIAIOLICH.
Hapsiny ¢ m3MepeHrneM MIKOBOTO YPOBHS TEKYIETO CUTHAJIA (BKIIOYAIOIIEro aCHMMETPHIO M/ CMEIleHHe
TTOCTOSTHHOHN COCTABJISIIONIEH ), BBEJICHUE 3TOW (haKyIbTATHBHOM CEKIIUU TTO3BOJISICT H3MEPSITH CUTHAII TAKUM,
KaKdM OH OblI Obl, eciy Obl KaKoW-HUOYIb CIEAYIOLIHIA Jajiee SIeMEeHT 000pYyJ0BaHHs BBIMONHSI (OYHKIHIO
3arpaxIaronero GUIbTpa MOCTOSHHOTO TOKA.

AOGCOIOTHOE 3HAaYeHHE OTCUETOB MOJYYaloT IMyTeM HMHBEPTHPOBAHHS MMEIOIIMX OTPHIATENbHOE 3HAUECHHE
OTCUETOB; B DTOW TOYKE CHUTHAJ SIBJISETCS OJHONOJSPHBIM, TaK KAaK OTPULATEIIbHBIE 3HAYEHUS 3aMEHEHBI
MOJIOKUTENBHBIMY 3HAYEHUSMHU TOW K€ BEJIIMYHMHBL. BBIX0X 1 —9TO NMOTOK BBIXOAHBIX 3HAYEHWH, B CIydae
ecni (pakyJIbTaTUBHBIN OJOK OCTOSTHHOTO TOKA OTCYTCTBYET.

Ecnu peanuzoBaH (akynpTaTuBHBIA ONOK mocTtossHHOro Toka, Omok MAKC BoeiOupaer Hambombluee
3HaYeHHE Ka)KIO0ro OTCYETa B ABYX TPaKTaX CHTHaNa; B 3TOM Cllydae BBIXOJIOM siBsieTca Boixon 2.

Crnenytomnue fanee CUCTeMHbIe OJOKM (He MOKa3aHHbIE W HE ONMHMCAaHHBIE B HACTOAIIEM JOKYMEHTE) MOTYT
CPaBHMBATh 3HAYEHHS OTCUETOB Ha BBIX0Jle C HOMUHANBHBIM 100% ypoBHeM nukoBoro curHana (1/4 moxaoi
IIKaJIbl, €CIM Ha BXOJle MPUMEHSIOCh ocinabnenue Ha 12 nb), mpenocTaBisis OIEHKY UCTHHHOTO ITHKOBOTO
YPOBHS OTHOCHUTENIBHO TOJIHOW IU(POBOI IIKATIBI.

Jlonoanenue 1*
k [Ipuinoxenuro 2

CooOpaskeHHs OTHOCHTEIbHO TOYHOT0 U3MePEeHusl
NuKa MH(PPOBHIX 3BYyKOBBIX CHTHAJIOB

B uem 3axmouaemces npoorema?

Wsmeputenu muka B TUGPOBBIX 3BYKOBBIX CHUCTEMaX YacTO PETHCTPUPYIOT "THKOBBIA OTCUeT', a He
"MCTUHHBINA NUK".

W3mepuTenu MUKOBBIX OTCYETOB pabOTarOT, KaK MPAaBHIIO, MTyTEM CpPaBHEHHS aOCOIIOTHOTO (CpEeIHEro 1o
MOJYJIIO) 3HAYEHHUS KaXKIOTO BXOJHOTO OTCYETa C TEKYIIUM IOKAa3aHUEM H3MEpPUTENs; eCIU 3HaueHUe
HOBOT'O OTCYETa BBIILLE, OHO 3aMEHSAET TEeKYyILIee MOKa3aHue; eClIl HeT, TeKyllee MOoKa3aHue YMHOXKAeTCs Ha
MIOCTOSIHHYIO, HECKOJBKO MEHBIIYIO eIWHUIBI, IS CO3JaHus JorapuMUYecKoro 3aTyxaHus. Takue
W3MEPHUTENS IITMPOKO PACIPOCTPaHEHBI B CHITY MPOCTOTHI WX pPeaTu3alliii, HO OHW HE BCETIa PETUCTPUPYIOT
3HAQUYECHHUE UCTUHHOTO MTHKA 3BYKOBOTO CUTHAJA.

*

[NPUMEYAHUE. — Cnenytomryto Hike MHGOpPMaNuio Uil cBeAeHus mnpencraBwia Pabowas rpymma SC-02-01
no ctangaptam AES uepes Jloknaguuka PI" 6] mo paanocBs3u no BonpocaM U3MepeHust TPOMKOCTH.
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CrenoBaTenbHO, MCIOJIb30BAaHUE M3MEPUTENS] MUKOBOTO OTCUETa B CIy4asx, KOTJa Ba)KHO OCYIIECTBIATH
TOYHOE H3MEpEHHE IMHKOB MPOrpaMMbl, MOXKET NMPUBECTH K BO3HHKHOBEHHIO MpobieM. K coxanenuto,
OONBIIMHCTBO LU(POBBIX U3MEPHUTENEH MTUKOB SBISIOTCS U3MEPUTEISIMH MMUKOBBIX OTCUETOB, XOTS 3TO U HE
BCErJa OUeBUAHO IS onepaTopa.

Bo3nukHoBeHUEe MpoOaemMbl 00YCIOBICHO TEM, YTO pealbHBbIE MUKOBBIE 3HAYCHUS NUCKPETU3UPOBAHHOTO
CUTHaTa OOBIYHO TOSBISIOTCS MEXAY OTCUETaMH, a He TOYHO B MOMEHT IUCKPETHU3allld, U KaK TaKOBbBIE
MPaBUIBHO HE PETHCTPHUPYIOTCA N3MEPHUTEIEM ITHKOBBIX OTCYETOB.

D10 sABNISETCI HpH‘IHHOﬁ HECKOJBKHUX M3BECTHBIX aHOMAaJIUM I/I3MepHTeHeﬁ IINKOBBIX OTCUCTOB:

— Heycmoiiuuevie 3nauenus nuxos. Yacto oTMeuaeTcs, YTO MPU MHOTOKPATHOM BOCIIPOM3BEICHUHU
aHAJIOTOBOM 3amucH uepe3 HUGPOBYID CUCTEMY C H3MEPHUTE]IEM IHUKOBBIX OTCUYCTOB 3HAUYCHMUS
MPOTPaMMHBIX NTUKOB BECbMa CHUJIBHO PACcCXOISATCS HPU KaKJOM BOCIPOU3BEICHUU. AHAOTHYHO,
ecnu nudpoBas 3anrch MHOTOKPATHO BOCIIPOU3BOUTCS Yepe3 KOHBEPTOP YaCTOTHI AUCKPETH3AINH
IO U3MEPEHMSI, PETUCTPUPYEMBbIE TUKH TOYHO TAK JK€ PA3IMIAIOTCS TP KAKIOM BOCTIPOM3BEICHUH.
DTO MPOUCXOAUT H3-3a TOTO, UYTO MPHU KAXKIOM BOCIHPOU3BEACHHUH K3EMILIIPHI OTCYETOB MOTYT
MOTaaTh B pPa3IMYHbIEe YaCTU NCTUHHOTO CUTHAJA.

- Henpeodsudennvie nepezpysku. B cuiny Toro, 4to AUCKpeTU3UPOBAHHBIE CUTHAJIBI MOTYT COJIEPIKATh
MEeperpy3ku Jaxke B OTCYTCTBHE OTCUETOB B MpejenaX MOJHOHW HU(POBOW LIKANBl MM OJHU3KO K
Hell, MHIUKAIUs Teperpy3Ku U3MEpHUTeIeM MMKOBBIX OTCYETOB SBIseTCS HeHalexKHo. [leperpy3ku
MOTYT BBI3BaTh Cpe3aHHWE HMITYJbCOB B IOCIEAYIOUIMX IMpoLeccax, HAIpUMep B OMpeeeHHBIX
IUQpo-aHaJOTOBBIX Mpeodpa3oBaTeNsIX WK NPU NpeoOpa3oBaHUM YaCTOTHI JUCKPETHU3ALUM, Aaxke
€CJIH 3TH TePerpy3Ku paHee He OBLIN 3aperUCTPUPOBAHBI U3MEPHUTEIIEM IMUKOBBIX OTCYETOB (M axe
OBLTM HEPA3JIMIMMEBI Ha CITyX ITPH KOHTPOJIE UX B ITON TOUKE).

- 3anusicennoe 3nauenue u duenue usmepsemvlx morog. Yuctole TOHBI (TaKue KaK TOHBI HACTPOIKH),
Onu3KMe K LIEJbIM MHOMKHUTENSAM YacTOThl AMCKPETH3ALMM, MOTYT JaBaTh 3aHMKCHHOE 3HA4YEHHE
WJIM CO3/1aBaTh IIOCTOSIHHO MEHSOLIEEC 3HaUeHHE, Jake ITPU IIOCTOSIHHOM aMIUIUTY i€ TOHA.

Hackonvko cepvesnoii modcem dvims sma npobnema?

B oejoM, 4Y€M BbBIIIC YacTOTa HU3SMEPIACMOI0 IAUCKPECTUSUPOBAHHOIO IMHMKOBOI'O0 CHUTHA/Ia, TEM OoJIbIiIe
NoTCHIMaJIbHasA OIIMOKA.

B ciyuyae HenpephIBHBIX YHCTBIX TOHOB HECIIOKHO MPOJEMOHCTPUPOBATh, HAIIPUMEp, 3aHmKeHHOe Ha 3 nb
3HaueHHe HeyJadyHo (ha3MpOBAHHOTO TOHA HA YETBEPTH YAaCTOTHl TUCKPETHU3AlMW. 3aHIKEHHE 3HAYCHUs
TOHA HAa TOJOBUHE YACTOTHI JMCKPETU3alM MOXET ObITh (AKTHYECKH HEOTPAHUYEHHBIM; OJHAKO
0OJIBIIMHCTBO IIU(PPOBBIX 3BYKOBBIX CHUTHAJIIOB HE UMEIOT Ha 3TOM 4acTOTE JOCTATOYHO SHEPruu (B CUIIYy ee
3HAYUTENILHOTO UCKITIOYCHHUS CTIAXUBAIOMMUMU QUIBTPAMH B TOUKE IUPPO-aHATOTOBOTO MPpeoOpa3oBaHus U
MTOCKOJIBKY B COCTaBe "peabHBIX'" 3ByKOB OOBIYHO HE MPeodIagaroT HeMpephIBHBIC BRICOKHAE YaCTOTHI).

HenpepriBHBIE TOHBI, HE ABISIOMINECS OTM3KUMH K HU3IIAM LETbIM MHOXKHUTEISAM YacTOThl AUCKPETH3ALINY,
HE Jal0T 3aHWKEHHOTO 3HAYEeHUS! B M3MEPHUTENAX MUKOBBIX OTCUETOB, IIOCKOJBbKY YacToTa OMeHus (pasHuLa
MEXAY M.fione W f;) BECbMa CpaBHMMa C BEJIMYMHON, OOpATHOW CKOPOCTH 3aTyXaHWs u3Meputens. Jpyrumu
CIIOBaMH, MOMEHT AMCKPETU3allH YacTO JTOCTATOYHO OJM30K K MCTUHHOMY MHKY TOHA, YTOOBI U3MEPHUTENb
HE 3aHMKaJ €ro 3HaueHHE.

Bwmecte ¢ TEM, IJIA OTACIbHBIX KPATKOBPEMCEHHLIX 3BYKOB 3aHMKCHUC 3HAUEHUH 3THUM MEXaHHU3MOM He
CKpBIBAETCS, TIOATOMY 4YeM 0oJiee BBICOKOYACTOTHBIM SIBIISIETCS COJEPKUMOE KPATKOBPEMEHHOI'O 3BYKa, TEM
OoJIBITIE MTOTEHITHANBHOE 3aHKeHNE 3HaueHus. i "peaqbHOro" 3ByKa OOBIYHBIM SIBJISIETCS 3HAUNTEIIBHBIN
00BbEM BBICOKOYACTOTHOTO COJIEPIKUMOTO B KPAaTKOBPEMEHHBIX 3BYKaxX, U 3aHMKCHHME MX 3HAUCHUS MOXKET
0OBIYHO COCTaBIATh HECKONBKO b.

B CHUIIY TOI'O, YTO pC€ajJIbHbIC 3BYKU UMCIOT CIICKTP, COBITaJAOIIUN B HalpaBJICHWHU BBICOKHUX YaCTOT, U 3TO HE
MCHACTCA C YBECIIMYCHUEM YaCTOThI AUCKPETU3allH, 3aHNKCHUEC 3HAYCHH I HU3MCPUTECIIEM NUKOBLIX OTCUCTOB
MEHbIIE Ha 00JIee BEICOKUX HNCXOAHBIX YaCTOTaX JUCKPETU3ALIUU.

Kaxk paspewumv smy npoonemy?

Jns  u3MepeHHs  3HAYCHUS  WCTUHHOTO  MHKAa  JMCKPETU3UPOBAHHOTO  CHUTHAlNa  HEOOXOIUMO
"TepeaucKpeTH3NPOBaTh" (WM TIOBBICUTh YacTOTY AMCKPETH3aIlih) CHUTHAala, (aKTHUYECKH BOCCTAHOBUB
UCXOJHBIM CHTHAT MEXAY CYIIECTBYIOIIMMU OTCYETaMM M YBEIUYHMB, TaKUM 0O0pa3oM, dYacTOTy
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OUCKPETH3alMN CHUrHajma. OTO TMpeJIoKEHHE BBI3BIBAET COMHEHHME: KaK Mbl MOXEM BOCCTaHOBHTh
uHpoOpMaIMio, KoTopas, MOo-BUAMMOMY, yke mnorepsHa? Ha camoMm genme, Teopus IUCKPETHU3aLUU
MOKa3bIBa€T, YTO MOYKHO 3TO CJeNaTh, TaK KaK H3BECTHO, YTO 3TOT IUCKPETU3WPOBAHHBIA CHUTHAN HE
COJEP>KUT YacTOT BhILIE MOJOBHHBI HCXOAHOM 4aCTOTHI AUCKPETU3ALIMH.

Kaxkoit HeoOxoaum k03P duIneHT nepeauckpeTnsanun? YToOsl y3HATh 3TO, MPeke HE0OXOIUMO OTBETUTh
Ha J]Ba BOMpoca:

- KakoBa MakcuMalbHas npuemijieMas onInoKa BCJICACTBUEC 3aHMKCHUA 3HAYCHUSA?

— KakoBo oTHolIeHHE HauBBICIIEH YacTOTHI, MOJUIeXKAllell MU3MEPEHHUI0, K 4acTOTe AMCKpPETH3aLNH
(MakcumanpHas "HOpMUpoOBaHHas yactora')?

Ecnu 3T KpUTEpUM H3BECTHBI, CTAHOBUTCS BO3MOXKHBIM BBIYHUCIMTH HEOOXOAMMBIH KO3 (GUIUSHT
NepeIUCKPeTH3aluu (Jaxke He paccMaTpuBas €lle JeTald pealln3allid MepeUCKPETU3AI|K) C TOMOIIbIO
HECIIO)KHOTO MeToja "MUIITUMETpoBor Oymaru". MOKHO TPOCTO yYWUTHIBAaTh, KAKOE 3aHMKEHHE 3HAUEHUS
MOJIYYUTCSl B pe3yJibTaTe Mapbl OTCYETOB, CHUMMETPUYHO MOSBISIOMIMUXCI C TMEPEAUCKPETUIUPOBAHHOU
CKOPOCTBIO TT0 00€MM CTOpOHAM IMHKAa CHHYCOMJIBI HA HAIlleH MaKCUMaTbHOW HOPMUPOBAHHOW YacTOTE. DTO
"Xy cryyai" 3aHKeHUS 3HAUeHUS.

Wrak, mnst koddurnpierTa nepeAucKpeTu3aium #
MaKCHUMaJIbHON HOPMHUPOBAHHOM YaCTOTHI [,
YaCTOTHI AUCKPETU3AIUH f;
MOKHO BHJIETH, YTO:
MIEPUOJT JUCKPETU3AIUH TIPH TIePeAUCKPETHI0BAHHON CKOPOCTH COCTABISET 1/n.f;

NepuoJ MaKCUMalbHON HOPMUPOBAHHON YaCTOTHI COCTABIACT 1/from.fs,

3HAYUT:
MaKkcUMyM 3aHmxkeHus 3HadeHus (1b) coctaBut 20.10g(cos(2. 1.1 om.fi/1.£5.2))
(2 B 3HameHaresne OOYCIIOBJIGHO BEPOSTHOCTHIO MPOIMYyCKa IMHWKA MAaKCUMYM Ha IOJIOBHHY
nepuoja nepeanCKpeTU3aIiN)

WITH:

MaKCUMYM 3aHmwkeHus 3HadeHusI (B 1b) = 20.1og(cos(n.frorm/1)).

DTO ypaBHEHHE WHCIIONB30BANIOCH IS COCTaBIIEHWS CIEAYIONIeH HUXe TaOmuIbl, KoTopas, Hambojee
BEpOATHO, OXBATHIBAET JMAIA30H, MTPEICTABIAIONINN HHTEPEC:

Kos>dduument MaKcHMYM 3aHUKEHHS MaKcHMYM 3aHUKEHHS
nepeaNcKpeTH3annu 3"2;2“33’2155) 3“;:::25105?5)
4 0,554 0,688
8 0,136 0,169
10 0,087 0,108
12 0,060 0,075
14 0,044 0,055
16 0,034 0,042
32 0,008 0,010

Kax oonocen 6vimo peanu3oean usmepumeib UCMUHHO20 nuka?

Oneparnus nepearcKpeTH3aliui BBITOIHACTCS MyTEM BKIIOUYEHUS OTCUETOB C HYJEBBIMU 3HAUYCHUSIMH MEXAY
UCXOOHBIMH OTCYETaMH, C T€M 4TOOBl 00pa3oBaTh NMOTOK AAaHHBIX C 3aJaHHON NeEpeIuCKPEeTH30BaHHON
CKOPOCTBIO M MOCJIEOYIOUIMM HNpUMEHEHHEeM "MHTepnoiupyrouiero” (uibTpa HIKHHUX YacTOT IS
UCKJIIOYECHHUS] YaCTOT BBIIIE 33aHHOW MAaKCHMAIBHOMU f,.,,. ECIIU Tenepb NPUMEHUTH alTOPUTM HU3MEpPEHHs
MUKOBBIX OTCUETOB K MEPEIUCKPETU3MPOBAHHOMY CHTHaNly, IOJyYUM H3MEPUTENb HCTHHHOTO THKa C
JKEJIaeMBIM MaKCUMaJIBHBIM YPOBHEM 3aHIKEHHS 3HAUYCHUS.
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HHTepecHO paccMOTpeTh peanu3alfio TaKoro IMepenucKkpeTn3atopa. [IpHHATO BBIMONHATH TakoW (GHUIBTP
HIDKHUX YacTOT KaK CHMMETPHYHBIH (QUIBTP C KOHEYHOH uMIynbcHOM Xapakrepuctukoil (FIR). Tlpu
UCIOJIb30BAHMN TakMX (QWIBTPOB JAJs TPOMYCKaHWS BBICOKOKAYECTBEHHOTO 3BYKOBOTO MaTepuana,
HanpuMep B (ycrapeBmMX) IM(pPO-aHAIOTOBHIX TpeolOpa3oBareisX  MNeperCKpeTU3alud WU
peoOpa3oBaTEeNIIX CKOPOCTH TUCKPETU3ANH, HEOOXOIUMO BBEIYHCIATE OOJBIIOE YHCIO "OTBOAOB", ¢ TEM
YTOOBI MOJAEPKUBATH OYEHb MaJIyl0 HEPAaBHOMEPHOCTH B TIOJI0CE MPOMYCKAaHUs U JOOMBATHCS HAUOOIBIIIETO
ocabyieHNst B MOJIOCE 3arpaKICHUS, a TAKKE Y3KOU mepexoqHoi noiockl. Takke JomKHA MOANepKUBATHCS
OoJpIIas ATMHA CI0Ba IS COXPaHEHHUs THHAMHYECKOTO INana3oHa 1 MUHAMH3AINN UCKAKESHHS.

Bwmecre ¢ TeM, MOCKOIBKY MBI HE HAMEPEHBI MPOCTYIINBATh BBIXO/ HAILETO MEPEeIUCKPETU3aTopa, a TOJIbBKO
UCIIOJIB30BATh €ro AJsl OTOOpakeHHsl 3HAYeHWH WIIM TIOCTPOEHUs] TMCTOTPaMMBI, BEPOSITHO, MOXHO He
MPEeIbSIBIATh Takue d>Ke TpeOoBaHWS K To4yHOCTH. [lo Tex mop, MOKa HepaBHOMEPHOCTh B TOJIOCE
MPOMYCKaHNsA, CBA3aHHAs C Mapa3sUTHBIMH KOMIIOHEHTAMH W3 3arpaXk[Ialoliei IONOCH, He YXy/IIaeT
TOYHOCTH 3HAYEHWH MO CpaBHEHHIO C 33/laHHOM HaM{, CUYMTaeM €€ YJIOBJIETBOPUTENIBHON. OTO B
3HAYUTENFHOW CTENEeHN COKpaIlaeT KOJUYEeCTBO HEOOXOAMMBIX OTBOJOB, XOTS MOXET COXPaHATHCA
HE0OXO0IMMOCTE B 00€CIIeUeHUH Y3KOH MepeX0THOM TOJIOCH, UTO 3aBUCHT OT 3aJaHHOW HaMU MaKCHMAaJIbHOMH
HOPMHUPOBAaHHON 4acTOThl. AHAJOTMYHO, MOKHO OTpaHMUYUTHCS TpeOOBaHUEM, YTOOBI JJIMHA clioBa Oblia
JIOCTATOYHOM JUIsl TapaHTUM TOJAEp)KaHUS LeJIeBOM TOYHOCTH BILIOTh O OCHOBaHMs T'MCTOTPaMMBI, €CIU
TOJIILKO HE TpeOyeTcsl TOUHBIN YHUCIOBOW PEe3yIbTAT Il HU3KUX aMILTUTY/.

Takum o00pa3om, BO3MOXKHa peaju3alsl COOTBETCTBYIOLIETO MepeArcKpeTusaTopa (MOXeT ObITh AJs
OoNpIIOTO YKCIa KaHajioB) Ha oObiyHOM HemoporoM mpoueccope DSP unn FPGA, a moxer, u Ha Oonee
npoctoM mpoueccope. C Apyrod CTOPOHBI, W3MEPUTENM C MEPEANCKPETH3alMed BBIOJIHAIOTCS C
HCII0JIb30BAHMEM BBICOKOTOUHBIX YMIIOB MEPEIUCKPETH3ALINH, KOTOPbIE IPEAHA3HAUYEHBI AJIS1 UCIIOIb30BaHUS
B 1M(}PO-aHAJOTOBBIX IpeoOpazoBarensiXx. XOTd 3TO M B HEKOTOPOH CTENEHM pPacCTOUMTENILHOE
UCIIOJIb30BAHNE KPEMHHS U 3JIEKTPOIHEPTUH, YCTPOICTBA SABISIOTCS HEIOPOTUMH M JIETKOJOCTYTHBIMH.

[Ipocreiiinm mMeTonoM onpeaeneHus: TpeOyeMoro yuciaa OTBOJOB U KO3((UIMEHTOB OTBOJOB, UCXOI U3
crnenuduKa KOHKPETHOTO HW3MEpHUTENs, SBISETCS WCIOJb30BAHUE MPOrPaMMBbl IPOEKTUPOBAHUS
pexypcuBHbIX GuabTpoB FIR, Tako# kak Remez nnu Meteor.

[Ipu peanuzanuyn “3MepUTENsl MKOB TaK)K€ MOXKET MPENbBIATHCS TPeOOBAaHHE MCKIIIOYEHUS BO3IEHCTBUS
J000r0 BHEIIHETO0 HWCTOYHHMKA TOCTOSHHOTO TOKA, IOCKOJBKY TPAAWLIMOHHO HW3MEPUTENH 3BYKOBBIX
CUTHAJIOB 3alepThl MO MOCTOSHHOMY TOKY. C JIpyroil CTOpOHBI, €ClIM 3HaU€HHWE UCTUHHOIO MHKa CUrHaia
TpebyeTcs B LeIsIX UCKIIOYEHUS eperpy3Ku, TOrAa IPUCYTCTBUE MOCTOSIHHOTO TOKA J0JKHO COXPaHATHCA U
u3MmepaThea. [Ipn HEoOXOOMMOCTH, MCKIIIOYEHHE IIOCTOSIHHOTO TOKa MOXKHO BBIIOJHUTH, 3all€iiCTBOBAB
MaJyl0 BBIYHCIUTEIBHYIO MOIIHOCTh, NMyTeM BKJIIOUEHHS (PUIbTpa BEPXHUX YAaCTOT HHU3ILIETO MOpSAAKa C
OeckoHeYHOI nMIyIbcHOU XapakTepucTukoi (IIR) Ha Bxozxe u3mepurens.

I/IHOFI[a HCO6XOI[I/IMO HU3MEPATH aMIUIMTYyAy IHUKOBOI'O CHUIrHajla IOCJI€ NMPUMCHCHHSA OINPEACIICHHOI'0 THIIA
B3BCHIMBAIOLICTO @Hnmpa, C T€M YTOOBI BBIZICTIUTH BO3JI€I71CTBI/I€ HEKOTOPLIX YYAaCTKOB IIOJIOCHI 4aCTOT.
Peanuzaniys 3aBUCUT OT CBOMCTB KOHKPETHOI'O B3BCIIMBAIOLICTO (bl/IJ'ILTpa.
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