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IIpenucaosue

Ponps  CekTOpa paguocBs3M 3akiodaeTcss B OOECIEUYEeHHH pPalMOHAIBHOTO, CHpaBeIBOro, 3dgdexkTuBHOro u
9KOHOMHYHOTO HCIOJIb30BaHUS PAJMOYaCTOTHOIO CIIEKTpa BCEMH CIIy)KOAMHU PaJHOCBSI3H, BKIIOYAs CITyTHHUKOBBIC
Cﬂy)KGbl, U TMpOBECACHUHM B HCOIPAHMYCHHOM YaCTOTHOM [JUAIIa30HE HCCﬂeﬂOBaHHﬁ, Ha OCHOBaHUMH KOTOPBIX
MIpUHUMAaIOTCsl PekoMenanum.

BCGMI/IpHLIe U PCruOHAJIBHBIC KOH(I)epCHIII/II/I paguocCBiaA3n U accaMmOieu paguocCBiaA3n 1pUu  MOAACPIKKE
HUCCICA0BATCIBCKUX KOMUCCHH BBIIIOJHSIOT PEriIaMCHTApHYI0 U MMOJIUTUYICCKYTO (I)yHKIII/II/I CeKTopa PaguoCBiA3U.

IHosmTHKa B 00;1aCTH MPAB HHTEJLIEKTYaabHOI codcTBeHHOCTH (ITMC)

ITomutuka MCD-R B obGmactu IIMC wm3naraercs B oOmieil mareHtHod mnomutuke MCDO-T/MCDO-R/MCO/MDK,
ynomuHaemoir B Ilpmnoxxenmn 1 x Pesomommu 1 MCDO-R. ®@opwmbl, KOTOpble BiaAeibllaM MATEHTOB CIEAyeT
HCII0JIB30BaTh JId MPEACTABIICHHUA IMaTCHTHBIX 3asiBJICHUN U )IeKﬂapaI_ll/Iﬁ O JIMOEH3UPOBAHWUU, MPCACTABJICHBI I10
aapecy: http://www.itu.int/ITU-R/go/patents/en, rae Takke coiepikarcss PyKOBOISAIIME MPHUHIUIBI MO BBIMOJTHCHHIO
o61eit narentHol nmonutuku MC3-T/MCO-R/MCO/M3IK u 6a3a nanHbIx natenTHoi nndopmanun MCO-R.

Cepuu Pexomenaanuii MCI-R

(ITpencTaBneHsl TAKKE B OHIAMHOBO#M (hopme 1o ampecy: http:/www.itu.int/publ/R-REC/en.)

Cepus Ha3zBanue

BO CIIyTHUKOBOE paJfiOBeIIaHue

BR 3anuch JIsl MPOU3BOICTBA, ApXUBUPOBAHUS U BOCIIPOU3BECHMSI; TUNIEHKHU JJIs1 TEJIEBUICHUS

BS PanuoBemareabHas ciyxoa (3ByKoBast)

BT PagmoBemarensHas ciayx0a (TeIeBU3NOHHAS)

F ®dukcupoBaHHas ciryx0a

M [MonBmwxHass  CHyTHUKOBass  Ciyk0a, CIIyTHHUKOBas  ciiyx0a  paauoonpeseeHusl,
JIIOOUTENBbCKas CITyTHUKOBAsSI CITy)K0a M OTHOCSIIMECS! K HUM CITyTHUKOBBIE CITYKOBbI

P Pacnpoctpanenue panuoBonH

RA Panuoactponomus

RS CucTeMbl TUCTaHIIMOHHOTO 30HIUPOBaHUS

S DuKcupoBaHHAs CITyTHUKOBAs CITy»X0a

SA Kocmuueckne mpuMeHeHNsT ¥ METEOPOIIOTHs

SF CoBMECTHOE HCIOJB30BaHUE YACTOT M KOOPIAMHAIUS MEXAY CHCTEeMaMH (HKCHPOBAHHOU
CITyTHHUKOBOH CITYOBI U (PUKCHPOBAHHON CITY>KOBI

SM YpaBieHue UCNO0Jb30BaHUEM CIIEKTPA

SNG CrryTHUKOBBIH cO0p HOBOCTEH

TF [Tepenaya curuasoB BpeMEHH U 3TAJOHHBIX YaCTOT

A% CroBaps 1 CBsI3aHHBIE C HUM BOIIPOCHI

Ilpumeuanue. — Hacmoswas Pexomenoayus MCD-R ymeepoicoena Ha aHeIuliCkoM s3blKe 8

coomeemcmauu ¢ npoyedypol, usioxcentoui 8 Pezonroyuu 1 MCO-R.

Dnexmpounas nyoauxayus
Kenena, 2011 1.
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Bce mpaBa coxpanensl. Hu onHa u3 gacTel naHHOH IMyOIMKalMy HE MOXKET OBITH BOCIIPOM3BEICHA C MTOMOIIBI0 KaKUX
OBI TO HU OBLIO CPENCTB O€3 MpeaBapUTEIHLHOTO MMCEMEHHOTO paspemenus MCD.
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PEKOMEHJALIA MC3-R BS.1770-2*

A.]IFOpl/ITMI)I H3MEPECHUSA 'POMKOCTH 3BYKOBBIX IIPpOrpamMmm
H HCTUHHOI'0 ITMKOBOI'0 YPOBHSA 3BYKOBOI'0 CUTHAJIA

(Bommpoc MCD-R 2/6)
(2006-2007-2011)

Cdepa npumeneHus

B mnacrosmeill PekomeHmanmy ONHCHIBAIOTCS alrOPUTMBI M3MEPEHHUS 3BYKOBBIX CHUTHAJIOB HJS LEJed
orpeeNieHus CyObeKTUBHON IPOMKOCTH MPOTPaMM M UCTUHHOTO IMIUKOBOTO YPOBHS CUTHAJIOB.

Accambnes paauocssizu MCD,

yuumbvleast,

a) YTO COBpEMEHHBIE METOJbI MU(POBOH Tepenadn 3ByKa MPEJOCTABISIOT YPE3BbIYATHO OOIIUPHBIMA
JTMHAMAYECKAHN JUana3oH;

b) YTO HCIONBF30BAHNE COBPEMEHHBIX LM(POBBIX METOJOB IPOM3BOACTBA U TMEpegadyd 3BYKa
00yCJIOBIMBAET CMEUICHUE MOHO(POHHYECKHX, CTEPEOPOHUUECKUX M MHOTOKaHAJbHBIX (OpPMATOB M UTO
3BYKOBBIE IIPOrPaMMBbI IPOU3BOATCS BO BCEX 3TUX (opmarax;

c) YTO CJIyIIATENH KeJanu Obl, 4TOObI CyObEeKTHBHASI IPOMKOCTh 3BYKOBBIX IpOrpamMm Oblla €IHHOM
JUIS Pa3IMYHBIX HCTOYHUKOB U THUIIOB IIPOrpamm;

d) YTO MMEETCS MHOXXECTBO METOJIOB M3MEPEHHUS YPOBHEH TPOMKOCTH, HO CYIIECTBYIOIIUE METOJIBI
M3MEpEeHHiA, UCIOIB3yeMble TPU MPOU3BOACTBE MPOrpaMM, He O0ECIeYMBAIOT WHAWKAUWN CyOBEeKTHBHON
TPOMKOCTH;

e) 9TO ISl LeJIed PeryIMpOBKY TPOMKOCTH NPH 00MEHE NPOorpaMMaMu, ¢ TeM YTOOBI CHU3UTh YPOBEHb
HEIOBOJIbCTBA AyJUTOPUM, BAXXHO HCIIOJIB30BAaTh EIAWHBIH PEKOMEHIIOBAHHBIH AJITOPUTM OOBEKTUBHOMN
OLIEHKH CyOBEKTUBHON TPOMKOCTH;

) 4TO OyAylive KOMIUICKCHBIE alTOPUTMBI, 0a3UpYIONIHecs Ha MCUX0aKyCTHYECKHX MOJENSX, MOTYT
obecrieunTs Oonee TOYHBIE OOBEKTUBHBIC H3MEPEHHMsS TPOMKOCTH MJIsl HIMPOKOTO CIIEKTPa 3BYKOBBIX
porpamm;

2) YTO meperpys3ka HU(pPoOBOro HOCUTENS MPOMCXOAUT CKAaYKOOOpa3HO, M MOITOMY CileqyeT u30eraTh
Ja’ke KpaTKOBPEMEHHOI! ero meperpysKH,

yuumbsleas ()aﬂee,

h) YTO TUKOBBIE YPOBHH CHTHAJOB MOTYT YBEIWYMBATHCS BCIEACTBHE INMHPOKO MPUMEHSIEMBIX
MPOIIECCOB, TAKUX KaK (GUIbTPAIM I YMEHBIICHHE CKOPOCTH TIepeiauu B OUTax;

_]) 4TO CYWECTBYIOIIUE MCTOAbL I/IBMCpCHI/Iﬁ HEC OTpaxarOT HWCTUHHOIO IHKOBOTO YpPOBHA,
JOCTUTaCMOT0 HI/ICprBBIM CUTHAJIOM, IIOCKOJIBKY HCTHHHOC IIMKOBOC 3HAYUCHHUE MOXET IIOABIIATHCA B
HUHTCPBAJIC MCKIY OTCUETaAMU;

k) 9YTO BO3MOXXHOCTH OOpabOTKM LU(QPOBOrO CHUTHANA IO3BOJISIOT peajn30BaTh alTOPHTM,
o0ecTreurBarOINi OLEHKY HCTHHHOTO TUKOBOTO YPOBHS CHTHaJla ¢ BBICOKOH TOYHOCTHIO;

1) YTO HCIIOJIB30BaHUE aJITOpUTMa HHAWKAIUW MHCTHHHOI'O ITMKa CACIA€T BO3MOXHBIM TOYHYIO
HWHAWKAIUIO 3amaca 1Mo YpOBHIO MCXKAY IMMKOBBIM YPOBHEM LII/I(I)pOBOI‘O 3BYKOBOI'o CuUrHajla u ypOBHEM
Cpe€3aHus NUKOB,

B mae 2011 roma 6-1 HccrnemoBaTenbckas KOMHCCHSI IO PaIWOCBSI3M BHECHIa PEAAKIMOHHBIE TOMPaBKH B
HacTosLLyt0 Pexomennanuto.
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peKomeHoyem

1 NPUMEHATh, B Cllydae HEOOXOJUMOCTH OOBEKTHBHOI'O M3MEPEHHS I'POMKOCTH 3BYKOBOTO KaHaja
WM TPOTrpaMMBbl B LETSIX COACHUCTBHSI JOCTaBKE MPOrpaMM M OOMEHa MMH, aJrOPUTM, OMUCAHUE KOTOPOTo
conepxkurcs B [Ipunoxenuu 1;

2 o0ecreuynBaTh BO3MOKHOCTH HCIIOJIb30BaHUS ajropurMa, OIIMCaAaHHUE KOTOPOro COICPKUTCA B
HpI/IHO)KeHI/II/I 1, B KaQ4YC€CTBE OCHOBBI IJId ME€TOJ0B MHAMKAIIUU I'POMKOCTU NPOTpaMMBEI IIPpU MMPOU3BOACTBE U
OKOHYATCJIbHOM MOHTAXE MPOrpaMm;

3 MPUMEHATh, B Ciydac HEOOXOMWMOCTH HWHAWKAITMHA HCTHHHOTO ITMKOBOTO YPOBHS ITM(POBOTO
3BYKOBOT'O CHTHaJla, METOJ H3MEPEHUH, B OCHOBY KOTOPOIO IIOJIOXKEHBl PYKOBOJSIIME MPUHLMNIIBI,
n3noxkeHHble B [IpuiioxkeHuu 2, wim MeTo1, 00eCIIeUnBAIONINI aHAJOTHYHBIC WIH JIYYIIUE PE3yIbTaThI,
[NPUMEYAHUE 1. — [lonp30BaTeneil ciemyeT Mpeaynpekaars, YTO H3MEpPEHHas TPOMKOCTH SIBISIETCSA OLEHKON
CYOBEKTHBHOW TPOMKOCTH U COJIEPIKUT OIPEIEICHHYIO MOTPEIIHOCTh, 00YCIOBIMBAEMYIO CBOMCTBAMH CIIyIIaTeleH,
3BYKOBOI'0 MaTepralia ¥ YCJIOBHSIMH IIPOCITYIIMBAHHUS.

danee pekomeHoyem

1 MIPOAOJIKUTE TPOBeIeHHE paboT, HAMIPABIEHHBIX HAa PACIIUPEHUE aTOPUTMA, OMMCAaHHE KOTOPOTO
cogepxutcs B [lpunoxxenun 1, ast odecrieyeHns: HHANKAUN KPaTKOBPEMEHHON TPOMKOCTH;

2 YYUTHIBATh BO3MOKHYIO HEOOXOIMMOCTh OOHOBIICHHS HacTosed PexoMmeHnamuu, B ciaydae eciiu
HOBBIC alTOPUTMBI M3MEPEHHsT TPOMKOCTH OYyIyT CYLICCTBEHHO NPEBOCXOAUTH MO KayecTBY pabOTHI
aNTOPUTM, ONIMCAHUE KOTOPOTo coaepkutrcs B [lpunoxenun 1.

[NPUMEYAHUE 1. -B nensx obecriedeHUs] COOTBETCTBHSI H3MEpUTENEH, HCIOMB3yeMbIX IIPH TPOBEPKE B
COOTBETCTBHM C HacTosuied PexkomeHnarmeil, MOXeT NPUMEHSATbCS TECTOBBIM MaTepuan M3 Habopa, OMHMCAHHOIO
B Otuere MCD-R BT.2217.

Ipnioxenue 1
Onucanue aJropuTMa 00beKTUBHOI0 MHOTOKAHAJIBHOT0 H3MEPEHHsI TPOMKOCTH

B nacrosmem HpI/IJ'IO)KCHI/II/I OIMKCaH aJIrOPUTM MHOT'OKaHAJIbHOT'O USMEPCHUA T'POMKOCTHU.

AJNTOPUTM COCTOHUT M3 YETHIPEX ITAIOB:
— "K" B3BeIIMBaHUE YaCTOTHI,
- pacdeT cpeaHEeKBaIPATHICCKOr0 3HAYCHUS TSI KaXKI0TO KaHaua;

— CYMMHUPOBaHHE C B3BCIIUBAHUEM 10 KaHalaM (ThUIOBBIC KaHAJbl UMEIOT OONBIIMNA BEC, a KAHABI
LFE uckirouarorcs);

- ctpobuposanue no 6okam 400 mc (¢ mepekpriTHeM Ha 75%) ¢ HCHONIb30BAaHUEM IBYX MOPOTOBBIX
3HAYCHHN:

— nepBoe Ha —70 LKFS;

— Bropoe Ha —10 b oOTHOCHTENBHO YpPOBHS, H3MEPEHHOrO TIOCTEe IPHUMEHEHHUS IIepBOTO
IIOPOTrOBOr0 3HAYEHUS.

Ha pucynke | npeacraBieHa OJ0K-cxeMa pa3iIM4YHBIX KOMIIOHEHTOB airopurMa. Jlius ynoOcTBa omucaHus
aNropuTMa Ha Pa3TUYHBIX TOYKAaX TpaKTa IOTOKa CHUTHalIa INpeaycMOTpeHbl MeTku. Ha Omok-cxeme
MOKa3aHbl BXOJBI MATH OCHOBHBIX KaHAJIOB (JEBOTO, LEHTPAJIBLHOTO, IPAaBOro, JIEBOTO THIJIOBOTO U MPaBOTO
TBIJIOBOTO); 3TO IO3BOJIIET OCYIIECTBISATH KOHTPOJIb MPOTrPaMM, MUMEIOIIUX OT OAHOrO A0 IATH KaHAJIOB.
Ecnn mporpamMma ummeer MeHee ISITH KaHAJIOB, HEKOTOpPhIE BXOAbI HE HcCHoib3yroTca. Kanam ams
HU3KOYACTOTHBIX 3BYKOBBIX 3¢ (dekToB (LFE) manHbIM H3MepeHueM He 0XBaydeH.
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PUCYHOK 1
Ynpomennas 6JI0K-cXeMa a1rOpUTMAa MHOITOKAHAJILHOI0 H3MEPEHHsI TPOMKOCTH
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BS.1770-01

Ha nepsBom srame paGoThl auropuTMa NPHMEHSETCSl 2-CTyleHdaras MpeaBapuTelbHas (uibTparms!

curHaia. [lepBas cTyneHb npeaBapUTEIIbHON (GUIBTPALIMK 00CCIICYMBACT YUET aKyCTUISCKOTO BO3ICHCTBUS

TOJIOBBI, IMPU 3TOM TI'0JIOBA MOACITUPYCTCA KaK KECTKasd C(pepa. YacroTHas XapaKTCpUCTHUKaA IMOKa3daHa Ha

pUcyHke 2.

PUCVYHOK 2
YacToTHAsl XapaKTEePHCTHKA NEPBOi CTYIEHH NPeABAPHTEIbHOr0 GHIbTpa,

HMCTBHUSA I'0JIOBbI

GecrieyeHUs1 y4eTa aKyCTHYECKOro Bo3j1e

HUCIOJIB3YEeMOH JIA O
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OunpTp K-B3BEMIMBaHUS OCYIIECTBISIET ABE CTYIEHH (PUIBTpAIMK; MepBas CTYNEHb — CIVIAXKHBAIOUIHHA (QUIBTD,

BTOpasi CTyNEeHb — GIIBTP BEPXHHUX YaCTOT (B3BemmBaromas kpusasi RLB).

1

[lepBast cTymeHs mNpenBapUTENHHOTO (UIBTPa OIpeneisiercs Kak (QUIbTP, MOKa3aHHBIM Ha pPHCYHKE 3,

KO3 PHUIIUEHTHI KOTOPOTO yKa3aHbl B Tabnuie 1.
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PUCYHOK 3
JluarpaMma 1oToKa CUrHaJ0B Kak GuabTp 2-ro nopsaka
by 4
)y | » X
- +
- 7-1 +
a, ‘ b]
\
Z—l
a, ‘ bz
BS.1770-03
TABJIMILIA 1

Koyppuuuentol puiabTpa 1is NEpBOM CTYNEHH NPEABAPUTEILHOIO (PUIbLTPA
B LeJIIX MOJeJIMPOBaHus chepudecKoi roj10Bbl

by 1,53512485958697
a —1,69065929318241 b —2,69169618940638
a 0,73248077421585 b, 1,19839281085285

Otn ko3 PUIHEeHTH QUIBTPAa COOTBETCTBYIOT YacTOTe muckpernsanuu 48 kl'm. s peanm3aruit ¢ npyroi
4acTOTOW JUCKPETH3AIMU TOTPEOYIOTCS APyrue 3HaueHUs K03 (OUIMEHTOB, KOTOPHIC JOJDKHBI BHIOUPATHCS
Tak, 4ToOBl oOOecreunBanach YacTOTHAas XapaKTepUCTHKA, aHAJOTMYHAs XapaKTepUCTHKE YKa3aHHOTO
¢bunpTpa mpu dactore muckpermsanuu 48 kl'm. Ilpucymas wMmeromeMycs anmapaTHOMy OOCSCICUCHHIO
TOYHOCTh MOKET O0YCJIIOBHTh HEOOXOJIUMOCTh KBAHTOBAaHHWS 3HAUEHHWH dTHX Koddduimentos. VcnbiTanus
MOKA3aJIM, YTO aJITOPUTM HEUYBCTBUTEIICH K HE3HAYUTEIHLHBIM U3MEHCHHSIM 3THX KO3 PHUIIMCHTOB.

Ha BTOpoii cTymenn ¢rmbTpa mpuMeHsIeTCs B3BemmBaromas kpubas RLB, kotopas peanmsyercs mpoCThIM
(pUIBTPOM BEPXHUX YACTOT, KaK IMOKA3aHO HA PUCYHKeE 4.

BsBemmBaromas kpuBas RLB ompenensercss xak ¢uubTp 2-ro mopsiika, NOKa3aHHBIH Ha PHUCYHKE 3,
K03 QUITUEHTHI KOTOPOTO YKa3aHbI B TabIuIe 2.

Otn kodQPUIMEeHTH QUIBTPAa COOTBETCTBYIOT YacTOTe muckpernsanuu 48 kl'm. s peanmsaruit ¢ npyroi
YacTOTOW JUCKPETH3AIMU TOTPEOYIOTCS APyrue 3HaueHUs K03 (HUIIMEHTOB, KOTOPBIC HOJDKHBI BHIOUPATHCS
Tak, 4TOOBl oOecreunBanach YacTOTHAas XapaKTePUCTHKA, aHAJOTMYHAs XapaKTepUCTHKE YKa3aHHOTO
(bunsTpa Mpu gactoTe nuckpernzanun 48 kI .
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PUCYHOK 4
B3pemmBaromas kpusasg RLB
5 T T T

OTHOCHTENBHBIA YPOBEHB (1)

-30 1 : > : 3 : 4
10 10 10 10
Yacrora (I'm)
BS.1770-04
TABJIUIIA 2
Kospduuments! punbTpa 11 B3BemuBawmeii kpupoii RLB

by 1,0
a —1,99004745483398 by -2,0
a 0,99007225036621 by 1,0

OHeprusi, CpeIHEKBAIpPaTHYECKOe 3HadeHHWE OT(UIHTPOBAHHOTO BXOAHOTO CHTHAJla Ha WHTEpBaJe
u3Mepenuit 7, onpesensiercs Kak:

Ij

2

s =10y, (1)
TO

IJIe y; — BXOJHON cUrHam (MPOIIEAIINiA Yepe3 ABe CTYICHH MPEIBAPUTEIBHOTO (PUIBTPa, ONMMCAHHBIC BHIIIE),
aie I,tnel={L,R C,Ls,Rs} — COBOKYITHOCTh BXOJHBIX KaHAJIOB.

FpOMKOCTB B MHTCPBAJIC I/IBMepCHI/Iﬁ T OIPEACTIACTCA KaK:
I'pomxocts, Ly =-0,691 + 10 logi 3. G, - z, LKFS, 2)

rae G; — k03 PUIHMEeHTHI B3BSIINBAHUS JIJIs1 OTACIbHBIX KaHAJIOB.

Hns pacyera M3MEPEHHOIO 3HAYEHHUs] CTPOOMPOBAHHOM TI'PDOMKOCTU WHTepBan I [IENUTCS Ha MHOMKECTBO
MIePEKPBIBAIONITNXCS HHTEPBAIOB CTpoOHUpyromux Om0okoB. CTpoOHpyrOmmiA OJIOK — 3TO MHOMKECTBO
HENPEPHIBHBIX OTCYETOB 3BYKOBOIO CHUTHAa JIHMTEIBHOCTBIO T, =400 MC OTHOCHTEIBHO OJMKANILIETO
orcuera. [lepekppiTHE KaXIOro CTpOOUpyrOmero OJ0Ka IOJDKHO COCTaBIATh 75% UIMTENBHOCTH
cTpoOupytomero 01oka.
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WuTepBan uaMepeHu JODKEH OBITh OTpaHHUYEH TaK, YTOObI OH OKAHYMBAJICS B KOHIIC CTPOOUPYIOIIErO
omoka. CrpoOupyromue OJIOKM, HE 3aBEpIICHHBIE Ha MOMEHT KOHIIAa HHTEpBajlla HW3MEpPCHUM,
HE UCIIOJIb3YIOTCA.

OHeprusi, CpeIHEKBAIPATUYECKOE 3HAYCHHE j-TO CTPOOHMpYOmero OJoka i-r0 BXOAHOTO KaHala B
uHTepBaye 1, COCTaBIISET:
1 T, -(j-waz+1)
2 _
i =T J- y;dt,rne waez = 1-nepexpvimue
4

T, - jwaz

T-T,
M jeq0l12,.—=5— 3)
T, - wae
I'pOMKOCTS j-TO CTpOOHPYIOMIETO OJIOKA OTPEALSISICTCS KaK:
I, = -0,691 +1010gIOZGi cz;. (4)

Jlns moporoBoro 3HaueHus CTpoOHpoBaHus I cylIecTByeT MHOXKECTBO WHJCKCOB CTPOOUpYIOIIEro Onoka
Jge={j:[;>T}, rne rpoMKOCTb CTPOOUPYIOIIETO OI0Ka BBIIIE NOPOrOBOTO YpPOBHS cTpobupoBaHus. Hucio
3JIEMEHTOB B J, PaBHO | J,|.

CrpobupoBaHHasi IPOMKOCTb B MHTEpBaJie u3MepeHus 1 onpenaenseTcs TaKuM 00pa3oM Kak:

1
Cmpobuposannas epomkocms, Ly, = —0,691 + 10log,, ZGi . ‘—

g

- >z, |LKFS . (5)

Je

JByxcTyneHuaTblil MPOLIECC HCHONb3YyeTCs AJsl BBIMOJHEHHS CTPOOMPOBAaHHBIX WM3MEPEHHUil, CHadaia ¢
a0COMIOTHBIM TIOPOTOBBIM 3HAYEHHEM, 3aT€M C OTHOCHTEIHHBIM IOPOTOBBIM 3HaueHHeM. OTHOCHTEIbHOE
MoporoBoe 3HaueHue I, paccuMThIBaeTCs MyTeM H3MEPEHUS TPOMKOCTH C HMCIIONB30BAHHUEM a0COIIOTHOTO
nioporoBoro 3Hadenus, I, = —70 LKFS u ymenpmenns pesynsrara Ha 10, Takum oOpazom:

L > z; |- 10 LKFS ,

Je

T, = —0,691 +10log,, »_G, -

.
rae:
J. =3j:1. >T
=il > a}‘ ©
I' =-70 LKFS

CrpoOupoBaHHasi IPOMKOCTb Jalle€ MOKET ObITh PAaCCUUTaHA C UCIIONb30BaHUEM I

Cmpobupoeannas epomxocms, Ly, = —0,691 +10log,, ZGi . ﬁ ~ Zzij LKFS ,
i g Je

rae:
Je= V1G> T )
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B3BemBaHne 9acToThl B 3TOM IOKa3aTesle, KOTOPHIH T'E€HEPUPYETCS NPEABAPUTENBHBIM (PUIBTPOM
(coenmuHeHne QuUIbTpPa MEPBOI CTYMEHH Ui KOMIIEHCUPOBaHUS aKyCTHYECKHX 3(h(HEKTOB rOIOBBI U HIBTpa
BTOpol crymeHu — B3BemmBanue RLB) HaspiBaeTcs "K" B3BemmBaHHEeM. 3a MOJIY4YeHHBIM LU(PPOBBIM
3HaYEHHEM TPOMKOCTH, PACCUMTAHHBIM B YpaBHEHHU 2, cliefyeT ykasbiBath obOo3HaueHue "LKFS". Dto
o0o3HaueHne pacmudpoBhEIBaeTCI KaK "TPOMKOCTh, B3BelleHHas M0 K, OTHOCHTENHHO HOMHHAILHOM
noaoi 1mkanel". Enuanna LKFS sxBuBanentHa nenubely, MOCKOJIBKY YBEIHMUYCHHUE YPOBHS CHTHAjIa Ha
1 n1b npuBeneT K yBenuueHuto nokasarens rpomkoctd Ha 1 LKFS.

Ecnu ko BXoay 7€BOro, LIEHTPAIBbHOTO WJIM IPAaBOr0 KaHAIOB OyJeT NPHIOXKEHAa CUHYCOWIAjIbHAas BOJIHA,
ypoBeHb KoTOpoil coctaBisier 0 nb momHoW mkanel ¢ wacrtoroil 1 kl'm, yka3aHHas TPOMKOCTb OyAeT
paBHaThees —3,01 LKFS.

BecoBsie kKo GUITHEHTHI T KAKIO0TO KaHana puBeeHbI B Tabmuie 3.

TABJIMLIA 3
BecoBble 3HaUeHUS IS OTAEJbHBIX 3BYKOBbIX KAHAJIOB
Kanan BecoBoe 3nauenne, G;
Jlesrrit (Gy) 1,0 (0 nb)
[Tpagsrii (Gr) 1,0 (0 ob)
Hentpanbhsrii (G¢) 1,0 (0 nb)
JleBrrit ThUTOBOM (G7,) 1,41 (~ +1,5 nb)
[Tpagsrii TeUTOBOM (Gry) 1,41 (~+1,5 nb)

Crnemyer OTMETHTb, YTO, XOTS JAHHBIH alNTOPUTM JOKa3ajl CBOIO 3((EeKTHBHOCTb B OTHOIIEHHUH 3BYKOBBIX
MPOrpaMM, KOTOPHIE SIBJISIIOTCS THIIOBBIM PaMOBEIIATEIEHEIM KOHTEHTOM, B IIEJIOM OH HE MPUTOACH IS
OIICHKH CyOBEKTUBHOW TPOMKOCTH YUCTHIX TOHOB,

Jlonosnenue 1
K [Ipunoxkenuro 1

Onucanue n pa3padoTKa aJITOPUTMA MHOTOKAHAJIBLHOT0 M3MepPeHHs

B nacrosmiem JlomoiHEHWH OMMCHIBAETCS HENABHO pa3pabOTaHHBIA alTOPHUTM, IpeIHA3HAYSHHBIA s
O0OBEKTUBHOTO HW3MEPEHHS] BOCIHPUHUMAEMOW TPOMKOCTH 3BYKOBBIX CHTHAJIIOB. OJTOT QITOPUTM MOXKET
WCTIONIB30BAThCSL IS TOYHOTO HM3MEPEHHSI TPOMKOCTH MOHO-, CTE€pPEO- W MHOTOKAHAIBHBIX CHTHAJIOB.
OCHOBHBIM TIPEUMYIIECTBOM MPEIaraeMoro ajJrOpuTMa SIBIIIETCS €r0 MPOCTOTA, JeNAromias peau3auio
anropuT™Ma BechbMa HH3Ko3aTpaTHOW. B JlomonHeHWM Takke MpPEACTaBIIEHBI PE3yNbTaThl OQHUIHATBEHBIX
CyOBEKTHBHBIX WCIBITAHUNA, MPOBENCHHBIX [UIsI Cco3MaHust 0a3pl CyOBEKTHBHBIX JaHHBIX, KOTOpas
KCIIOJIb30BANIACH JIJIS OLICHKU KayecTBa pabOThHI alropuTMa.

1 BBenenue

Cy1iecTByeT MHOXKECTBO MPIIIOKEHHH, JJIs1 KOTOPBIX TPEOYIOTCS M3MEPEHNE W KOHTPOIh BOCTIPHHIMAEeMOM
TPOMKOCTH 3BYKOBOTrO curHaia. [lpumepamu 3TOro SBISIIOTCA TEJIEBU3MOHHBIE M PaJMOBELIATEIbHBIC
MIPWJIOKEHUS, XapakTep W KOHTEHT 3BYKOBOIO MaTephana KOTOPBIX OBICTPO MEHAITcAa. B Takux
MIPIJTIOKEHUSAX 3BYKOBOW KOHTEHT MOKET MPECTABIIATH COO0M MOCTOSHHO W OBICTPO MEHSFOIINECS MY3bIKY,
peub u 3ByKOBbIE 3(G(QEKThl WM WX KOMOWHaIuio. Takue M3MEHEHUsS B KOHTEHTE NpPOrpaMMbl MOTYT
MIPUBOJUTHh K 3HAYUTEIILHBIM U3MEHCHHSIM CyOBEKTHBHON rpoMkocTH. Kpome TOro, Kk curHajiam, KOTOpbIC
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MOTYT OKa3bIBaTh 3HAYHUTEIBHOE BO3JCHCTBHE Ha BOCIPHHUMAEMYyI0 TPOMKOCTh CHUTHala, 4YacTo
MPUMEHSIFOTCSL  pa3iu4Hble (OpPMBI JUHAMHUYECKOH o0paborku. Paszymeercs, mpoGiiemMa CyObEKTUBHON
TPOMKOCTH HMMEET CYIIECTBEHHOE 3HAa4YCHUE IJIi WHAYCTPHM 3BYKO3AIHMCH, TJ€ MIMPOKO HCIONIB3YETCs
JMHAMU4YecKas 00paboTKa C IIeTbI0 MaKCHMAaJIbHO BO3MOXKHOTO YBEIMUCHHUS BOCIPHHUMAEMOM TPOMKOCTH
3aIHCH.

Ha nporsxenun psna mocnegaux jer PaGouas rpynma 6P Cekrtopa panmocBsi3u BeneT paboTy 1o
OTIpEENICHUIO METOAOB OOBEKTUBHOTO M3MEPEHHUSI BOCIIPUHUMAEMOH TPOMKOCTH IPOTPaMMHOTO MaTepuara,
THTIOBOTO IJISl PaaHdOBEIIATeILHBIX TprutokeHuid. [lepBeiii atanm pabotet MCD-R, B xome koToporo ObuH
pPaccMOTPEHBI AITOPUTMBI OOBEKTHBHOTO H3MEPEHUS] TPOMKOCTH MOHO(DOHHYECKOTO 3BYyKa, a TaKkKe
B3BEILLICHHOE CpeHeKBagpaThueckoe uMmepenue Leg(RLB), Obu1 mocBsieH 00eCHeueHHI0 HAWITyYIIero
KadecTBa BOCIPOU3BeeHHs MOHO(OHMUeCKuX curHainoB [Soulodre, 2004].

CoBepIlIeHHO OYEBHAHO, YTO JUI PaAMOBEIIATEIbHBIX NPHUIIOKEHUI TpeOyeTcs H3MEpHUTeNb T'POMKOCTH,
KOTOPBI MOXeT paboTaTh ¢ MOHO-, CTEPEO- U MHOTOKaHaJIbHBIMU CHUTHaNTaMu. B HacTosIieM NOKyMeHTe
IpeaiaraeTcs HOBBIM alrOpUTM HM3MEPEHHUs] TPOMKOCTH, KOTOPBIH yCHEmIHO (YHKUMOHHPYET B CiIydae
MOHO-, CT€PEO- U MHOT'OKaHAJbHBIX 3BYKOBBIX CHUTHaJIOB. OCHOBOW IpEAJaraeMoro ajaropuTMa SBJSIETCS
npsiMoe pacimpenue anroputrma Leq(RLB). Kpome Toro, HOBbINf MHOTOKaHAIBHBIA aITOPUTM HO-TPEKHEMY
XapakTepHu3yeTcs IPOCTOTOH BEIYMCICHNUH, CBOMCTBEHHOW MOHO(oHNYeckoMy anroputmy Leq(RLB).

2 Ba3zosas unpopmanus

Ha nepBom artane nccnenoBaanii MCO-R 6b11 pazpabotan MeTO]] CyObEKTHBHBIX HCTBITAHUN Ui aHaTn3a
BOCIIPDHATUSL TPOMKOCTH MaTepuaja THIOBOH MOHOQpoOHMYecKod mporpamMmbl  [Soulodre, 2004].
CyObeKTHBHBIC MCTBITaHUA OBUTH NMPOBEJCHBI B ISTH TOYKAX 3€MHOTO IIapa, U UX IEJbl0 OBUIO CO3JaHue
0a3pl CyOBEKTHBHBIX JAHHBIX JUIS OIIEHKM KadecTBa pPaOOTBI BO3MOXKHBIX aJITOPHTMOB H3MEPEHUS
IPOMKOCTH. B X0Jie 3TUX HCHIBITAHWI YYaCTHHKH CONOCTABISUIM TPOMKOCTH Pa3IMYHBIX MOHO(OHHYECKHX
3BYKOBBIX 3allCell C T'POMKOCTBIO STAJOHHOHW 3amucH. 3BYKOBBIE 3alMCH OBUTH B3STHI U3 PEATBHOTO
paguoBENaTeILHOTO MaTepraia (TeIEBUACHUS U Paio).

COBMECTHO C OSTUMH UCHBITAHUSAMH CEMb HWHHUIIMATOPOB TIpencTaBuiau B JlabopaTopuio CIyXOBOTO
Bocnpustus Mcciaenoarenbckoro neHTpa cBsizu (KaHama) mecsiTh BHEIPEHHBIX M3MEPUTEICH/arOPUTMOB
M3MepeHnss MOHO(DOHIYECKOW TPOMKOCTH JIJISl KX OLIEHKH.

Kpowme Toro, B padorax Cynoapa (Soulodre) Obliu mpecTaBlIeHBI eiile Ba 0a30BBIX aIrOPUTMa U3MEPEHUS
IPOMKOCTH B KaueCTBE OCHOBBI B OTHOIIICHUU ToOKa3zaTelnel pabotrhel anropurMma [Soulodre, 2004]. Otu nBa
MeToJ1a O0BEKTUBHBIX U3MEPEHUH BKIIOYAIIN MTPOCTYIO0 (PYHKIMIO CIIEKTPAIBHOTO B3BEIIUBAHUS, 32 KOTOPOU
cienoBall OJIOK WM3MEpEeHHs CpeaHEeKBaApaTHUecKkoro 3HadeHWs. OIUH W3 NIBYX METOJOB HW3MEPEHHI,
(Leg(RLB)), ucrionb3yeT B3BEIIMBAIONIYI0 KPUBYIO BEpXHUX YacTOT, Ha3bIBaeMyio B-KpuBoii ¢ Koppekuuei
o HWKHUM yactotam (RLB).

Hpyroii mMeton m3MepeHuit (Leq) 3aKimodacTCs B HM3MEPEHHH HEB3BEIICHHOTO CPEIHEKBAIPATHUECKOTO
3HA4YCHUA.

Ha pucynke 5 mpezacraBieHsl pe3yibTaThl HadajdbHOro uccienoBanud MC3O-R u3Mmepurens rpomMKocTd
Leg(RLB). 1o ropu3oHTaNbpHO#M OCH TIOKa3aHa OTHOCHTEIbHAsI CyOBEKTHBHAsI TPOMKOCTh, BBHIBEACHHAS W3
0a3pl CyOBEKTHUBHBIX IAHHBIX, II0 BEPTHKAIBHOH OCH — I'POMKOCTb, IIPOTHO3MPOBAaHHASA IPU HU3MEPEHUH
Leq(RLB). Kaxxnast Touka Ha rpade npeAcTaBIseT pe3ybTaT 0 OJHON M3 UCIIOJIB30BAHHBIX B UCTIBITAHUSIX
3BYKOBBIX TECTOBBIX IOCHenoBaTenbHOCTeH. HesamTpuxoBaHHBIE KpPYKKH OTHOCATCS K 3BYKOBBIM
[I0CJIE0BATENBHOCTSIM Ha 0a3ze pedd, a 3BE340YKH — K IOCIIeI0BATEIbHOCTSIM, HE coaepskamuM pedn. Kax
MOXKHO BHJETh, TOYKM JNAHHBIX IJIOTHO TPYNNUPYIOTCS BOKPYT AMArOHalIM, OTpakas OYEHb XOpollee
KadgecTBO paboTsl m3mepurens Leq(RLB).

Uzmepurens Leq(RLB) Ob11 npu3HaH UMEIOMINM HaMIyYIlIKe TOKa3aTeIn KauecTBa 10 CPAaBHEHUIO CO BCEMHU
UCCTICIOBABIIMMUCS HM3MEPHUTEISIMH  (XOTSI B TIpe/ieiiax CTaTHCTHYECKOH 3HAYMMOCTH HEKOTOpHIE
H3MEpUTENH Ha 0a3e MCUXO0aKyCTHKH TOXKE MOKa3bIBaJM Xopollee KauecTBo). Oka3anock, 4TO U3MEPUTENh
Leq pabotan mouytu Tak ke xopomo, kak RLB. [lomy4yeHHsle pe3ynpTaThl 03HAYalOT, YTO AJSl TUIIOBOTO
MOHO(OHHUYECKOI'O PaJUOBEINATENFHOIO MaTepHana IMPOCTOH METOX H3MEpEeHHs TPOMKOCTHM Ha OCHOBE
SHEPTUU SBISIETCS CTOJNb K€ YCTOWYHMBBIM, KaK M OoJiee CIOKHbIE METOJABI M3MEPEHUH, KOTOpPBIE MOTYT
BKJIIOYATh JIETATM3UPOBAHHBIC MOJIEIN BOCIIPUSATHSL.
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PUCYHOK 5

PesyabTatel n3mepurelisi MOHO(oHuYeckoii rpomkocTu Leq(RLB)
B CPABHEHMH C Pe3yJIbTATAMH CYy0ObeKTHBHBIX H3MepeHuii (r = 0,982)

20 ! ! ! : !
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_15 I I I I I
-15 -10 -5 0 5 10 15
CyObexruBHoe ycunenue (ab)
BS.1770-05
3 Cxema aaroputma Leq(RLB)

Anroputm u3Mepenus rpoMmkoctu Leq(RLB) cneumanbHo paspaOaTeiBasicsi Tak, 4TOObI OBITH O4YEHB
mpocteiM. biiok-cxema anroputma Leq(RLB) mokazana Ha pucyHke 6. OHa COAEPXUT (QUIBTP BEPXHHUX
4acTOT, 32 KOTOPBIM CIEAyeT YCTPOMCTBO YCPEOHEHHs 3HEpruu no BpeMeHu. Cursan c¢ BeIxoAa GuibTpa
MOCTyNaer B OJIOK 0OpaOOTKH, KOTOPBIM CYMMHpPYET JHEPrHI0 U BBIYUCISAET CPEIHIOI BEIMYMHY II0
BpPEMEHHU.

3agauet GuIbTpa SIBISIETCS 00ECIICUCHIE ONPEACIICHHOTO B3BEIIMBAHMS, COOTBETCTBYIOIIETO TYBCTBEHHOMY
BOCIIPHSITHIO, CIIEKTPAIBHOTO COIEPXXHMOro curHaiga. OgHUM W3 TPEUMYIIECTB HCIIOIB30BAHUS ITOM
0a30BON CTPYKTYpBHI JJIsi U3MEPECHUN TPOMKOCTH SIBISETCS BO3MOXHOCThH BBIMIOJNHEHUs BCeil 00pabOTKU
MIPOCTHIMU OJIOKAMH BPEMEHHBIX WHTEPBAJIOB, B OTHOIIICHUH KOTOPBHIX TPeOYIOTCS BEChMa HHU3KHE OOBEMBI
BBIYHCIICHUH.

PUCYHOK 6
BJiok-cxemMa MpoCTOro MeToAa N3MepeHuii T[POMKOCTH HA OCHOBE YHEPTHHI
¥ CrexkTpanbHoe Xy Leg (W)
—®| B3BEIIUBAHNE > z
W
/T
BS.1770-06

Anroput™m Leq(RLB), moka3aHHbIN Ha pHCYHKE 6, — 3TO MIPOCTO BapUaHT CO CHEKTPAJIHHBIM B3BEIIMBAHUEM
METOJa U3MEPEHUsI DKEUBANEHMHO20 YPOGHA 36YK06020 Oasnenus (Leq). Leq ompenensercs ciegyOIUM
oOpa3zom:

17 x
Leq(W) =10 log,, ?.[o

2
w
T dr 1b, 3)

X Ref
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rue:
Xy:  CHUTHAJl Ha BBIXOJE B3BELIMBAIOLIETO (DHIIBTPA;
XRgefi  HEKOTOPBIN DTAaJIOHHBIN yPOBEHD;
T: nanuHa 3ByKOBOM MOCIENOBATEIBHOCTH.

CumBon W B Leq(W) o3HadaeT CieKTpaibHOE B3BEITUBAHNE, KOTOPHIM B JaHHOM clTydae sSBIIsIach B-kpruBas
¢ Koppekuen mo HuxHUM gactoram (RLB).

4 Cy0beKTHBHBIE HCITBITAHUS

Ji1sl OLIeHKH BO3MOJKHBIX METOJOB MHOTOKAHAJIBHBIX M3MEPEHUI T'POMKOCTH HEOOXOAMMO OBLIO IMPOBECTH
ounmanbHple CyOBEKTHBHBIC UCTIBITAHUS, C TEM YTOOBI chopMUpoBaTh 6a3y CyObEKTHBHBIX JaHHBIX. 3aTEM
MOTEHIHANbHBIE AJITOPUTMBI M3MEPEHHsST TPOMKOCTH MOTJHM OBITh OILEHEHBl MO CBOEH CIIOCOOHOCTH
MIPOTHO3MPOBATh PE3YJbTaTbl CyOBEKTHUBHBIX HCHBITAaHWH. ba3za maHHBIX o0OecnieunBaia 3HAYCHUS
BOCIIPMHUMAEMOM T'POMKOCTH AJIsI OOIIMPHOTO MaTepuaja MOHO-, CTEPEO- U MHOTOKAHAIBHBIX IPOTPAMM.
[IporpaMMHBIi MaTepuan, KOTOPBI MCIOIB30BAICA B XOJ€ HCIBITAHHUNA, OBUI B3ST U3 peasibHBIX pajuo- U
TEJICBU3HOHHBIX Iepefady Io BceMy Mupy, a Takke u3 3anucer Ha CD u DVD. 3BykoBble
[I0CJIE0BAaTENbHOCTH BKJIIOYAIW MY3bIKY, TEJICBH3MOHHBIE M KHHONPOIPAaMMBbI, MaTe€pHajbl CIOPTUBHBIX
MEpOTPHITUH, TIPOTpaMMBbl HOBOCTEH, 3BYKOBBIE 3PPEKTH U pekiamy. B 3TH mocienoBaTelbHOCTH OBLTH
BKJIFOUEHBI CETMEHTHI PEYM Ha PAa3INYHBIX A3bIKAX.

4.1 Cxema cy0beKTHUBHBIX HCIIBITAHUIM

CyObeKTUBHBIC WCHBITAHHS 3aKIIOYAUCh B  COMOCTABICHHUM YPOBHEH TPOMKOCTH. YYaCTHUKHU
MIPOCITYIIMBANN IIUPOKAN JHANa3oH THIIOBOTO MPOrPaMMHOIO MaTepuala W PeryJIHpOBalld YpPOBEHb
TPOMKOCTH Ka)KIOTO TECTOBOTO DJIEMEHTA JI0 COBIMAACHUS €r0 BOCIPHHUMAEMONU TPOMKOCTH C TPOMKOCTBIO
STAJIOHHOTO CUTHaJA (CM. PUCYHOK 7).

OTaNoHHBIA CHTHAN BOCHPOHW3BOIWICS Bcerma Ha ypoBHe 60 nBA,—»3To 3HadeHHWe OBLIO OIpenerIeHo
benmkaMrHOM Kak THIIOBOH YpPOBEHb IPOCIYIIMBAHHUS TPH IMPOCMOTPE TEIEBU3MOHHBIX IPOTpamMM B
peaNbHBIX JIOMalIHUX ycoBusx [Benjamin, 2004].

PUCYHOK 7

MeTOI[I/IKa Cyﬁ'l)eKTHBHLlX HCNBITAHUI

Oranon 0
I/IClIbl'I'a'ICJIbe[ﬁ
JIEMEHT '

BS.1770-07

[IporpamMmMHO peanu3oBaHHAs CUCTEMa JUIsI TPOBEACHUS CyOBEKTUBHBIX WCHBITAHHA MHOTOKaHAIBHBIX
M3MEpPeHNH, pa3paboTaHHas W TIPeIOCTaBICHHAS ABCTPAIMHCKOW pagroBEIMIaTEeIFHOW KOPIIOpannei,
MO3BOJISUIA CIAYIIATEII0 MOMEHTAJIBHO MEPEKII0YaThCsl C OAHOIO HCIBITATENLHOTO 3JIEMEHTa Ha IPYro u
PETyIHPOBaTh YPOBEHb (TPOMKOCTbB) KaXIOTo AnmeMeHTa. CHUMOK 3KpaHa MPOrpaMMHOTO OOeCTIeueHUs ISt
MIPOBEJICHHS WCIIBITAHWN TIOKa3aH Ha PHUCYHKE §. YPOBEHb HCIBITATENBHBIX JJIEMEHTOB MOXHO OBLIO
perynupoBats ¢ marom 0,25 n1b. BeiOop kHomkH, uMeroriein Metky "1", obecrneunBan 10CTyI K STAJIOHHOMY
CUTHAITy. YPOBEHB 3TAIOHHOTO CUTHAJIA COXPAHSJICS TOCTOSIHHBIM.
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PUCYHOK 8

HnTepdeiic mob30BaTe/Is1 CHCTEMBbI U151 IPOBEACHHS Cy0beKTUBHBIX HCIBITAHUM

e ;I;u e syt Ieled 10
mJ

4B S R

BS.1770-08

C ToOMOIIBPI0O KOMIBIOTEPHOW KJIaBUATYPbl YYaCTHHUK WCIBITAHWNA BBIOMpaN MOaHHBIA HCIBITATEIbHBIA
9JIEMEHT M PEryJMpPOBal €ro ypOBEHb [0 COBMAAEHHS T'POMKOCTH 3TOTO 3JEMEHTa C T'POMKOCTHIO
JTaJIOHHOTO CHTHaja. YYacCTHHKM MOIJIM MOMEHTAJIbHO HEpEeKIoYaThcsi Ha Jr000H HCHBITaTeNbHBINA
3JIEMEHT, BbIOMpAs U1 3TOTO COOTBETCTBYIOLIYIO KJIaBUIIy. B TeueHHe UCHBITaHMH MOCIIEA0BATEIbHOCTH
BOCTIPOM3BOIMIINCH HETIPEPBIBHO (3aMKHYTas neTiisl). [IporpamMmmuoe obecnieueHne GUKCHPOBAIO YCTAHOBKU
YCHJICHHSI U1 KaXAOTO HCIBITATENIbHOIO JJIEMEHTAa, ONpEAE]ICHHBIE YYAaCTHUKOM. TakuMm oO0pasom,
B pe3ynbTaTe CyOBEKTHBHBIX HCHBITaHUH (opMupoBaics HaO0Op 3HaueHWHd ycwieHus (B aenubenax),
KOTOpbIe TPEOOBAIMCH Ul COBIAACHHS IPOMKOCTH Ka)IIOW TECTOBO IOCIENOBATEILHOCTH C TPOMKOCTBIO
STAJIOHHOM TIOCJIEAOBATEIbHOCTH. OTO IO3BOJISUIO HANPSAMYIO ONPEACIATh OTHOCUTEIbHYI0 TPOMKOCTH
KaXXZIOTO UCIIBITATEILHOTO 3JIEMEHTA.

Jo mpoBeneHust oUIMAIBHBIX HWCHOBITAHUN BCIEMYI0 KaKIBIH YYaCTHHK IOCETHJI y4eOHOe 3aHsThe, Ha
KOTOPOM 3HAKOMMJICSI C TIPOTPAaMMHBIM 00€CIIeYeHNEM HCIBITAHUN U ¢ 3a7a4yel, KOTOPYIO OH JOJKEH ObLI
BBINOJIHATH B X0OZI€ SKCIepuMeHTa. [10CKoIbKy MHOTHE HCTIBITATEIbHBIE 3JIEMEHTHI COAEPKAIN CMECh PEUYH U
OpyTruX 3BYKOB (My3blKa, (OHOBBIE INyMBI M T.J.), yYaCTHHKaM CHEHHAIBHO YKa3blBAIOCH Ha
HEOO0XOIUMOCTD COIMOCTAaBIICHHUS TPOMKOCTH OOILETO CUTHAJIA, & HE PEYEBOT0 KOMIIOHEHTAa CUTHAIOB.

B xome odunmanbHBIX WCHBITAHWN BCIEMYIO TOPSIOK TPEICTABIECHUS MOCIEIOBATENFHOCTEH KaXIoMy
YYaCTHUKY OBLT MPOU3BOJIEHBIM. TakuM 00pa3oM, BCEM yYacTHHKAM IOCIEI0BATEIIEHOCTH TPEACTABIISUINCH
B pa3HOM mopsake. JTo ObIO chaelaHo BO HM30exaHHE JII0OOH BO3MOMKHOM CHCTEMaTHYECKOH OIIMOKH,
00yCIIOBIIEHHOM BIMSHHEM MOPSIKA.

4.2 ba3a cy0beKTUBHBIX JaHHBIX

basza cyOBbEeKTHBHBIX JaHHBIX, KOTOpas UCIOJL30BaNIach JUIS OIICHKH KadecTBa MpEIiaracMoro ajlropuTMa,
cocTosia (haKTHIEeCKH U3 TPeX Pa3IMYHBIX 0a3 JaHHBIX. HaOopsl MaHHBIX OBLTH CO3MAHBI IO pe3ybTaTam
TpeX HE3aBUCHMBIX CyOBEKTHBHBIX UCTIBITAHNH, TPOBEICHHBIC B TEUCHHE HECKOJILKUX JIET.

[lepBriii HAOOp MAaHHBIX COCTABILIN pe3yNbTaThl IMEpBOHAYAIBHOTO wuccienoBannas MCDO-R, B xome
KOTOPOTO YYaCTHUKH COIOCTABISUIM BOCHPHHUMAEMYI0 TPOMKOCTE 96 MOHO(GOHHYECKMX 3BYKOBBIX
rocneoBaTenbHOoCcTed. [ co3manus 3Toro Habopa JaHHBIX CyOBEKTHBHBIE WCIBITAHHS MPOBOIWINCH B
[IATH Pa3IMdHBIX TOYKAaX 3EMHOTO Iapa W B HHUX ydacTBoBanmu 97 cmymateneii. VcmelTaTensHbIe
MTOCIIEIOBATEIEHOCTH M 3TAJOHHBIA 3JIEMEHT BBHIOMpAa TPYIIa U3 TPEX YeJIOBEK, B KOTOPYIO BOIILIH WICHBI
SRG3 PI' 6P (CrrenmanpHas rpynma Jloxmamdamka). DTallOHHAS IOCIEIOBATEILHOCTh B OTOM HCIBITAHUH
coliep)Kaia pedb Ha aHTJIMHACKOM S3bIKE, NPOM3HOCHMYIO JKEHCKHM TrojlocoM. BocmponsBenenue
MTOCIIEI0BATENIEHOCTEH OCYIIECTBISUIOCH YePE3 OJWH TPOMKOTOBOPHUTENH, Pa3MEIIEHHBIN HEMOCPEICTBEHHO
HaIPOTHB CITyIIaTes.
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[Mocne mepBoHawampHOrO MOHO(OHUYECKOTro uccienoBanus MCO-R psag MHHIMATOPOB, TMPEACTABUBIINX
ANTOPUTMBI, BBIBHHYJIH TPEIIOI0XKEHHEe, YTO AWANa30H W THII CUTHAJIOB, KOTOpPHIE HCIOJIH30BAINCH B
CyOBEKTHBHBIX HCIBITAHUAX, HE OBLIM JOCTaTOYHO IMMpOKHMH. OHU gajee TMPEATONOXKHUIN, YTO B 3TOM
3aKII0YaIach MPUIMHA TOTO, YTO MpocToi anroput™ Leg(RLB) Ha ocHOBe SHEPTHH MIPEB3OIMIEI 110 KAYeCTBY
paboTHI BCE APYTHE AT OPUTMEL.

Hnst Toro 4toObl paccesiTh dTH COMHEHUS, MOTHSIBIIAM BOIPOC OBLIO MPEIJIOKEHO MPEACTABUTH HOBYIO
3BYKOBYIO TIOCJIEIOBATEIBHOCTh JUIS CIEAYIOIIEro payHJIa CyObEeKTHBHBIX HCHbITaHUA. MM ObL1O
PEKOMEHIOBAHO MPENCTaBUTh MOHO(OHUYECKHE MOCIEN0BATENILHOCTH, KOTOPhIE, IO UX MHEHHIO, SBUJIHCH
0b1 HanOonee cnoxxHbIMU Ansi anroputMa Leq(RLB). HoBele mocienoBaTeNbHOCTH MPENCTABUIM TOJIBKO
JIBOE M3 BBICKA3aBLINX COMHEHHUS.

OdunmansHeie CyOBEKTHBHBIE HCIIBITAHUS C STUMH HOBBIMHU TIOCIIEIOBATEIHHOCTSIME OBLIM IIPOBEICHBI B
Jlabopatopun ciyxoBoro Bocupusatus HWccnemoBarenbckoro 1eHTpa cBsisu  (Kanmama). ['pomkocts
96 MOHO(OHHYECKHX MMOCIeA0BaTeNIbHOCTEeH onpeensuin 20 y9aCTHUKOB WUCIBITAaHUHA. B 3THX MCTIBITAaHUAX
HCIIONTH30BATACH TA KE METONKA CYOBEKTUBHBIX UCITBITAHHMA, YTO U TIPH CO3IaHUU TIEPBOTO HAOOpa MaHHBIX,
W TOT JX€ DTAJOHHBIM CHUTHAI. Pe3ynbTaThl 3THX HCHIBITAHUN COCTaBWJIM BTOPOH HAO0Op MaHHBIX 0a3bl
CyOBCKTHBHBIX JAHHBIX.

Tpernii HaOOp OAHHBIX COCTOSUT M3 3HAYEHUI T'POMKOCTH s 144 3BYKOBBIX MOCIEIOBATEIBLHOCTEH.
HcnbiTaTensHble MocieqoBaTeIbHOCTH coiepikani 48 MOHO(OHUYECKUX 3JIEMEHTOB, 48 crepeodoHnIecKHX
9JIEMEHTOB M 48 MHOTOKaHAIBHBIX 3JIeMEHTOB. Kpome TOro, mojoBWHa MOHO(OHHYECKHUX 3JIEMEHTOB
BOCTIPOM3BOJIMIIACH Yepe3 LEHTPalbHbBII KaHall (MOHO), a Ipyras MoJIOBUHA MOHO(OHHUYECKUX 3JIEMEHTOB —
yepe3 JIEBBIH U MpaBblii TPOMKOTOBOPHUTENHU (JBOWHOE MOHO). JTO OBUIO CIENaHO, C TeM YTOOBI YUUTHIBATH
JBa TPUCYIIMX YENOBEKY Pa3lMYHBIX CHOco0a MpOCIyMIMBaHUS MOHO(GOHWYECKOro curHaia. s sToro
WCTIBITAHUS STAJIOHHBIN CUTHAJI COAEPKAJl pedb HA aHIVIMICKOM S3bIKE, IPOM3HOCHMYIO KEHCKHUM T'OJIOCOM,
CO CTEepeOPOHMUYECKHM aKyCTHUECKUM OKPYKCHHEM H MY3bIKAIbHBIM ()OHOM HHU3KOTO YPOBHS.
B ucnbiranusx ydactBoBaimu 20 4eJIOBEK M HCIIONB30Bajlach CX€Ma PACIOJIOXKEHUS TPOMKOT'OBOPHUTENEH,
onpenencaras B Pekomengarmmu MCD-R BS.775 u npeacrasiennas Ha pucyHKe 9.

PUCYHOK 9

Cxema paciosoxeHust FPOMKOIr0OBOpHUTeIel, KOTOPas HCI0/Ib30BAJIAChH
11 GOpMHPOBaHHA TPeThero Habopa JaHHBIX

Sur

BS.1770-09

JlBa  mepBbIX  Habopa  JaHHBIX  OBbUIM  OrPaHUYCHBI  MOHO(POHHUYCCKHMU  HCIBITATEIEHBIMU
MOCJIeIOBATENFHOCTSIMU, TTO3TOMY CO3/IaHHE 3BYKOBOTO 00pa3a He SBISUIOCH BIHSIONIMM (akTopoM. [pn
CO3JITAaHWM TPEThero Ha0Opa JaHHBIX, KOTOPHIM BKIIOYAN TaKKe CTepeo- W MHOTOKaHaJbHBIC
MOCJIEeIOBATEIFHOCTH, CO3JIaHHe 00pa3a SBISIOCH BaXKHBIM COOOpaKEHHEM, KOTOPOE CIIEeJI0BAI0 YUUTHIBATS.
[pencraBusnoce, 4To co3fgaHue o0Opaza M aKyCTHYECKOe OKPYKEHHE B IIOCIENOBATENBHOCTH IO Bcei
BEPOSATHOCTH MOTYT OKa3blBaTh 3HAYMTEIBHOE BO3JCHCTBHE HAa BOCIPUHHUMAEMYyH TPOMKOCTH 3TOH
MOCJIe0BaTeIFHOCTH. TakuM 0o0pa3oM, Ui BKIIOYEHHs IMUPOKOTO JAWarna3oHa BUAOB CO3AaHUs obOpasza
(Hampumep, LEHTpaIbHOE MAHOPAMHUPOBAHHUE — pe3Kasi TPaHUIA 3BYKa MEX[Y JICBBIM/TIPaBBIM KaHAJIaMH,
WCTOYHUKU 3BYyKa HAINpPOTHB — HCTOYHUKM 3BYKa BOKPYr) M MEHSIOIIETOCS O00beMa aKyCTHYEeCKOTrO
OKpYKeHHUs (Hampumep, Cyxoe 3ByuyaHHE — peBepOepalusi) ObUTM BHIOpaHBI CTEPEO- U MHOTOKAaHAIbHbBIC
MOCJIEeI0BATEILHOCTH.
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ToT ¢akT, 4TO YyYACTHUKU HCTBITAHUH JOJKHBI ObLTH OJJHOBPEMEHHO COMOCTABISTH TPOMKOCTH CHTHAIIOB
MOHO-, IBOWHOTO MOHO-, CTEPEO- ¥ MHOTOKAHAJIbHBIX CUTHAJIOB, O3HAYAN, YTO 3TH UCIBITAHUS SBISUTUCH 110
CBOEMY CYIIECTBY 3HAYUTENHHO CJIOKHEE HCIBITAHWNA 1O COCTABICHUIO MPEIBIAYIINX HAOOPOB NAaHHBIX,
KOTOpbIe OBUIM  OTpaHWYEHBI MOHO(POHWYECKMMH CHTHAJIAMH. OTa CJIOXKHOCTh  YCyTyOJIsIach
WCTIOJIb30BaHUEM PA3IUYHBIX BUJIOB CO3JIAHHS 00pa3a U MEHSIOUIETOCs 00beMa aKyCTHIECKOTO OKPYIKEHHSI.
CylecTBOBall ONpeJIeIeHHbIE COMHEHHS, YTO BCIIEJCTBUE BCEX 3THUX (AKTOPOB 3a/ava Jlsl yYACTHUKOB
UCTIBITAHUI OKaXkeTcsl HemocwibHOH. K cyacThio, TpeiBapHUTeNbHBIC HCHBITAHUS TMOKa3ajiH, YTO 3ajada
SIBISIETCS. BBIMONIHUMOM, W Bce 20 YYaCTHHKOB OKAa3alHCh B COCTOSHHH O0ECHednBaTh JOCTOBEPHBIE
pe3yIbTATHL

5 CxeMa aJIrOpuTMa MHOTOKAHAJBHOI0 U3MEPEHHs TPOMKOCTH

Kax 65110 yKazaHo BhIme, anroput™ Leq(RLB) 0511 co3nan mist paboThl ¢ MOHODOHUISCKUMHU CHTHAIIAMH, U
paHee MPOBEICHHOE HCCIENOBAHUE MOKAa3aj0 BBICOKYIO 3(QQEKTHBHOCTh AITOPUTMA JJIsI 3TOM 3aJadvd.
Pa3paboTka anropurMa MHOTOKaHAILHOTO HM3MEPEHUS TPOMKOCTH OOYCIIOBIHBAET PSJI JOTONHHUTEITBHBIX
crnokHocTel. KimroueBbIM TpeOOBaHUEM, MPEABSIBIIEMBIM K MHOTOKAaHATbHOMY alTOPUTMY, SBISIETCS €T
CIOCOOHOCTh paboTaTh Takke 3PGEKTUBHO C CUTHAIAMH MOHO-, TBOMHOTO MOHO- M CTEPEOCUTHAIAMH. ITO
3HAYHT, YTO 3TU (OPMATHI JOJDKHBI pacCMaTpUBATBCA KaKk 0coOble Cllydya MHOTOKAHAJILHOTO CHTHala
(XOTs1 OHM U SIBIIATOTCS] BECHMa OOIIIMMH CITyJIasiMH ).

B HacToslieM HWCCIeNOBaHWH TPEANONArajoch, 4YTO MHOTOKaHAJIbHBIC CHTHAJIBl COOTBETCTBYIOT
CTaHAapTHOM KoHurypamum kaHaioB 5.1 Pexomenmarmu MCO-R BS.775. VYuer kamama LFE ne
OCYIIECTBIISIICS.

B MHOrokaHampHOM W3MEpHTENE TPOMKOCTH TPOMKOCTh KaXXJIOTO OTAEIHHOTO 3BYKOBOTO KaHaia
M3MepSeTCcs HE3aBHCUMO C TIOMOIMIbI0 MoHOo(doHmYeckoro anroputMa Leg(RLB), kak moka3aHo Ha
pucynke 10. Bmecte ¢ TeM B KakmoM KaHalle 0 BhIMOdHeHUs w3MepeHns Leg(RLB) BemomaseTcs
npenBapuTeabHast pumbTparus.

PUCYHOK 10

BbJiok-cxema npeajiaraeMoro MHOroKaHaJIbHOTr0 U3SMEPUTEJIA TPOMKOCTH

X, [IpenBapuTenbHbIH Y1 | Cpennexsanparuueckoe | 2o
—_—] buBTP ®unsTp RLB SHAGCHUE GL

X > [TpenBapuTenbHbIN Y& | Cpennexpanparnueckoe | Zp
duisTp Puap RLB 3Ha4YeHHe GR

I'pomkocts
. N i " Z.
[IpensapuTensHbIit ®urp RLB Yc |Cpennexsanparuueckoe | Zc

dunsTp 3HAYEHHE

P

Xc

—

X, [Mpensaputensubiii Yis | Cpennexsanparuueckoe | Zis
—l dustp — ©unsrp RLB AHAYCHUE —— GL

xISV [TpenBapuTenbHbIH Yy | CpenuexBanpatnueckoe | Zg,
(uibrp | PnmTpRLE 3HaueHue G

BS.1770-10

3anmaueil nmpenBapuTensHOro (GUIBTpa SIBIsiCTCA 00ecIedeHne ydera aKyCTHUECKOro BO3IEHCTBHUS, KOTOPOe
OKa3bIBaeT HA BXOAHOW CUTHaN roioBbl. IIpu 3ToM rojoBa Mozenupyercs Kak jkecTkas cdepa. B xaxmom
KaHaJIe HCIIOJNB3YEeTCS ONMH M TOT K€ MpelBapuTelbHbld (GuibTp. [lanmee pesynpTupylolMe 3HAYCHUS
IrPOMKOCTH B3BemuBaroTcs (G;) B COOTBETCTBHM C yIJaMU IPHUXOAA CHUTHANA, a 3aTeM CYMMHPYIOTCS
(B muHEHHON o00nacTH) AN TMOMYYEHHS COCTAaBHOTO 3HAYEHHsI H3MEpseMON TIpoMKOCTH. B3BemmBanue
UCTIONB3YETCs, ¢ TEM YTOObI y4ecThb TOT (hakT, UYTO 3BYKH, IOCTYHAIOLIME K CIYLIATENIO C3aad, MOTYT
BOCIIDHHUMATBCS MM Kak OoJyiee TPOMKHE MO CPaBHEHUIO CO 3BYKaMH, MOCTYNAIOLIMMH OT HCTOYHHUKA,
PAacIoIOKEHHOTO HallPOTHB.

KroueBbim NpeuMyHICCTBOM IpeIaracMoro ajiropuTMa MHOTOKAaHaJIbHOTO HU3MEPCHUSA TPOMKOCTH
SABJIACTCA €ro NnpocToTa. AJ'II‘OpI/ITM MOJIHOCTBIO COCTAaBJIAIFOT OYCHB IPOCTHIC 0azoBble OIIOKU 06pa60TKI/I
CHUrHaja, KOTOPbIE MOIYT OBITh JICTKO H 6BICTp0 pcajin30BaHbl C IMOMOIIBKO HEAOPOTOro amnmapatHoro
o0ecreyeHus. prrI/IM KIIFOUCBBIM IMMPEUMYHICCTBOM AJITOPUTMA SBJISICTCA €TI0 paClIUpACMOCTb. yIII/ITLIBaH,
YTO BO BCCX KaHaJIaX NPHUMCHACTCA HUACHTUYHAA o6pa60TKa, O4YCHb MPOCTO pPCAIM30BaTh U3MCEPHUTCIIb,
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KOTOPBIH MOXET paboTaTh ¢ ITOOBIM KOJUIECTBOM KaHaioB oT 1 g0 N. KpoMe Toro, moCKOJIBKY CHTHABI OT
KaKIO0T0 KaHalla CyMMHPYIOTCS KaK 3HAYeHHS TPOMKOCTH, a He KaK YPOBHH CHTHANIA, aJITOPUTM HE 3aBHCHT

OT ME&XKaHAITBFHOU (ha3bl WM KOPPEISIHA. DTO JeJaeT ImpeiaraeMoe n3MepeHine TPOMKOCTH 3HAYUTEIHHO
0oJjiee yHUBEpPCATBHBIM U yCTONYNBBIM.

6 O1eHKa MHOTOKAHAJIBHOTO aJITOpPUTMA

Hcnonp3oBanHbie I TpeX HAOOPOB MaHHBIX 336 3BYKOBBIX ITOCIIENOBATEIBHOCTEH OBLTH 0OpabOTaHBI C
MOMOIIBIO TIPEIaraeMoro MHOTOKAaHAIBHOTO aJrOPUTMa, M OBUTH 3aperHCTPHUPOBAHBI MPOTHO3HPYEMbIE
3Ha4YeHHUS TPOMKOCTH. 1o mToraM 3TOTrO mporecca MOXHO OBLIO OIEHUTH OOMIUi YpoBeHB 3PHEKTUBHOCTH
paboThl JaHHOTO AQJITOPUTMAa HAa OCHOBAaHHWM COBIMAJCHUS MPOTHO3HPYEMBIX 3HAYCHUH W peabHBIX
CyOBEKTUBHBIX 3HAUCHHH, TIOTyYECHHBIX B X0/ OPUIHATBLHBIX CyOhEKTUBHBIX UCTIBITAHUI.

Ha pucynkax 11, 12 u 13 B rpaduueckoit popme mokazaHa 3PGeKTHBHOCTH pabOTHI MpeIaraeMoro
H3MEpPUTEIIs] TPOMKOCTH 10 TpeM HabopaM JaHHBIX. Ha KaI0M pHCYHKE M0 TOPU30HTAIBHOW OCH OTMEUEHBI
3HAYCHUS] CyOBEKTHBHOW TPOMKOCTH Ka)JIOW 3BYKOBOH TMOCIENOBAaTENLHOCTH B HaOOpe JaHHBIX.
[o BepTUKANBEHOW OCH TIOKa3aHbl 3HAYCHUS! OOBEKTHBHOW IPOMKOCTH, MPOTHO3UPOBAHHBIC MPEIaracMbIM
nu3MepuTeneM rpoMkocTd. Kaxnas Touka Ha rpaduke NpeiCTaBIsIET Pe3yNbTar s OTIACIbHON 3BYKOBOH
nocienoBatenbHOCTH. ClieyeT 3aMeTUTh, YTO B CIy4ae HJICAbHOTO alrOpUTMa OOBEKTHBHBIX M3MEPEHUN
BCE TOYKH MOMAadW Obl HA JUArOHaJlb, KPYTH3HA KOTOPOi paBHA | W KOTOpas MPOXOJUT Yepe3 Hadaio
KOOpIHWHAT (KaK IMOKa3aHO Ha PUCYHKaX).

PUCVYHOK 11

Pe3yabTaThl A5 nepBoro (MoHodounveckoro) Habopa ganubix (r = 0,979)

20 T T T T T T

15 ‘ .

OOBbeKTHBHAsI TPOMKOCTB (1B)

—10 fF : oo C

15 ; ; ; ; ; ;
-15 -10 -5 0 5 10 15 20

CyObekruBHasi rpoMKocTh (1b)

A 1-i1 Habop JaHHBIX
BS.1770-11

Kak BugHO Ha pucynke 11, mpemmaraeMblii anTOPUTM MHOTOKAaHAJIBHOTO M3MEPEHHUS TPOMKOCTH padoTaeT
OYCHb XOPOIIIO, MPOTHOZUPYS PE3yIbTATHI IS MEepBOTO (MOHOGMOHUIECKOT0) Habopa JaHHBIX. Koppemsmust

MEXIy 3HAYCHUSMH CYOBEKTHBHON TPOMKOCTH W HW3MEPEHHAMH OOBEKTUBHOW TPOMKOCTH COCTABIISIET
r=20,979.

Kak BuaHO Ha pucyHKe 12, KOppensius MeXIy 3HaueHHSIMH CYOBEKTHBHON TPOMKOCTH W H3MEPEHHUSIMU
00BEKTHBHOW TPOMKOCTH IS BTOPOTO HabOpa MaHHBIX TakKe BeChMa yaoBiieTBOpHTelbHas (= 0,985).
HHTEepecHO OTMETHTh, YTO OKOJIO TIOJIOBHHBI MOCJIEIOBATENLHOCTE B 3TOM HaOOpe JaHHBIX OBLIH
MY3bIKaTbHBIMU.
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PUCVYHOK 12
PesyabTaThl st BTOporo (MoHogoHH4Yeckoro) Hadopa aanubIx (r = 0,985)
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CyObeKTHBHAS TPOMKOCTB (15)

O 2-ii Habop JIaHHBIX

PUCYHOK 13

BS.1770-12

Pe3yabTaThl 1/ TPETHEro (MOHO-, CTEPEO- U MHOTOKAHAJILHOI0) Hadopa ganHbIX (r = 0,980)
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OO0BbeKTHBHASI TPOMKOCTB (1b)
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O 3-it Habop JaHHBIX
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BS.1770-13
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Ha pucynke 13 moka3aHbl pe3yibTaThl Ui TPETHETO HaOOpa NAaHHBIX, KOTOPBIA BKIIOYANl MOHO-, CTEPEO- U
MHOTOKAaHAJIbHBIE CUTHAJBI. Pe3ynbTaThl N1 MHOTOKAHAJIBHBIX CHUTHAJIOB, NOKA3aHHBIE Ha pUCYHKax 13
U 14, OTHOCATCS K yKa3aHHOMY QJITOPUTMY, HO B3BCIIMBAHHUE IO THUIOBHIM KaHajlaM OBUIO YCTaHOBICHO
paBubIM 4 1b (McxomHOE MpeanoxkeHue) BMecto 1,5 nb (okoHuarenpHas crienudukanuys). beuto mpoBepeHo,
gTo M3MeHeHne 3HaueHus ¢ 4,0 nb mo 1,5 n1b He oka3bpIBaeT KakOTo-JIMOO CYIIECTBEHHOT'O BIUSHHUS Ha

pe3ynbTaThl. M1 onaTh anropuTM MOKa3ajl BEChMa yIOBJIETBOPUTENHHOE KaueCTBO PAabOTHI C KOppEeTsIuei
r=10,980.

ITone3no mpoBeputh 3H(HEKTUBHOCTH PaOOTHI aNTOpUTMa Il BCeX 336 3BYKOBBIX ITOCIIEIOBATEIHHOCTEH,
KOTOpBIE COCTaBUIIM 0a3zy CyOBEKTHBHBIX NaHHBIX. [loaTOMy Ha prucyHKe 14 cBeleHBI BMeCTe pe3yIbTaThl 10
BCEM TpeM Ha0opaMm AaHHBIX. MOXXHO BUJIETh, 4TO 3(P(PEKTUBHOCTH pa0OThI BEChMa yIOBICTBOPUTEIIbHAS
IUTS Beelt 6a3bl CyOBEKTHBHBIX JaHHBIX, 00IIas Koppensus coctasisier » = 0,977.

PUCVYHOK 14

O0benuHEeHHBIE Pe3yJIbTATHI 1J15 BeeX Tpex HadopoB AaHHBIX (¥ = 0,977)

20 ! ! ! ! ! !
@)
15 .
A
" O10 O - .
: 2 ke
]
Z A
S5r @] 4
TS
3 . o
= 07 ‘ O. 7
= Y .
2 &
3 B
& 5t o .
o
- O
A .
-10 e - 0. ‘ C T ]
AIJj-J o
715 D 1 1 1 1 1
-15 -10 =5 0 5 10 15 20
CyObekTrBHasI TpOMKOCTS (15 )
A 1-if HabOp JaHHBIX
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BS.1770-14

PesysnbraTel 3TOW OLIEHKM ITOKa3bIBAKOT, 4YTO QJITOPUTM MHOTOKAaHAJIBHOIO M3MEPEHUS TI'POMKOCTH,
OCHOBaHHBI Ha wu3MepeHun TrpoMKocTH Leq(RLB), ¢yHKUMOHUpYET OYEHb XOpOIIO CO BCEMH
336 nocnenoBaTeabHOCTAMU 0a3bl CYyObEKTHUBHBIX MJaHHBIX. ba3za CyOBEKTHBHBIX [aHHBIX COAEPXKUT
MIMPOKUI UaNa30H MPOrpaMMHOIO MaTepHuala, BKIIOYas MY3bIKY, TEJICBHU3HOHHBIE M KHHOIPOIPAMMBIL,
MaTepHajbl O CIIOPTHBHBIX MEPOTIPHUATHUSIX, IPOrPaMMBI HOBOCTEH, 3ByKOBbIE d(h(eKThl U pekinamy. Takxke B
9TH MOCIEN0BATEILHOCTH OBUIM BKIIIOYEHBI CErMEHTHI PeUr Ha Pa3IMyHbIX sA3bIKax. Kpome Toro, pesynbraTsl
[IOKa3bIBAIOT, YTO IPEeAJaraeéMblii U3MEPHUTEIb I'POMKOCTH XOPOIIO padoTaeT B ciydae MOHO(GOHUYECKHX,
JBOWHBIX MOHO(OHHYECKHX, CTEPEOPOHNIECKUX, & TAK)KE MHOTOKaHAJIbHBIX CUT'HAJIOB.
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Ipunoxenune 2

PykoBoasimmue NpUMHIMIIBI 1151 TOYHOT0 U3MepPeHUs
"MCTMHHOIO NMKOBOT0'" YPOBHS

B nacrosimem IpunosxxeHun npeacTaBieH alrOpuT™M OIIEHKH HCTHHHOTO MUKOBOTO YPOBHS OJJHOKAHAIHHOTO
uudpoBoro 3BykoBoro curHana c jguHeitnoii MUKM. Yactota auckpernzauuu mpuHsaTa paBHO 48 xl'w.
VcTUHHBIA TNHKOBBI YpOBEHB —3TO MaKCHUMajbHOE (TIOJIOKUTEIbHOE WM OTPULATENbHOE) 3HAYCHUE
CUTHajla B TE€UCHUE HEMNPEpPHIBHOTO MHTEPBaja BPEMEHM; 3TO 3HAUYEHHE MOXKET OBITh BbINIE HAaHOOJBILIETO
3HAYEeHUs] OTCUeTa B paMKaxX BPEMEHHOH BBIOOpPKH mNpH yacTtoTe Auckperumszauuu 48 k[m. Anroputm
o0ecreurBaeT OLEHKY CHTHala M (paKyJIbTaTHBHO — OLICHKY CHTHajla, KaKuM OH ObLT Obl, ecinu Obl Kakoe-
00 paCIONIOKEHHOE Jaiiee O00OpyMOBaHWE YyAAIAI0 OBl IMOCTOSHHYIO COCTAaBIISIONIYIO CHTHAA.
@DaxyIpTaTUBHOE MITKOE BBICOKOYACTOTHOE MPEBICKAKEHNE B TPAKTE CUTHAJA IPH U3MEPEHUH MHKA MOXKET
o0ecreurnBaTh BO3MOXHOCTh TOTO, YTO aITOPUTM OyJeT MpeAocTaBiIiATh Oojiee BHICOKHI MUKOBBI YPOBEHb
JUISL BBICOKOYACTOTHBIX CUTHAJIOB TI0 CPABHEHHIO C PEANbHBIM. DTO 00YCIIOBJIEHO T€M, 4TO (pa30BbIE€ COBUTU
Ha MOCTENYIONMX J3Tanmax o0paboTku curHana (Hampumep, GuibTpbl HalikBucra) MOTYT BBI3BIBATH
yBEJIUYEHHE THMKOB BBICOKOYACTOTHBIX CHUTHAJOB, W B psAe NPHIOKEHUH 3Ta (DYHKIHS MOXKET OBITh
MOJIE3HOH 11 o0ecTiedeHus OOJbIICH 3alMThI OT MOCIEAYIOIIEr0 CPE3aHusl HMITYJIbCOB.

1 Pe3rome

Orarmbl 06paboTKHU:

1 ocjabienue: ocnabiaenue Ha 12,04 nb;

2 4-KkpaTHas epeAnCKpeTH3aINS;

3 MPEABICKAKEHHS: CTIKUBAOIIUA (QUIBTP MpeapicKakeHnid, Hy b Ha 14,1 k[, nonroc Ha 20 k[
(pakynpTaTuBHO);

0JIOK MTOCTOSTHHOTO TOKA ((haKyIHTaTHBHO);
a0COIOTHOE: a0CONIOTHOE 3HAUCHHE;

MAKC: oOHapysKeHHe HaWBBICIIETO 3HaUYeHHs ((paKyJIbTaTUBHO: BKIIIOYAETCS, €CIIM BKIFOUEH OJIOK
MOCTOSIHHOT'O TOKA).

Onpez[eneHI/Ie a0COJNIFOTHOT'O 3HAYCHUS J0 U TIOCIIC 0JI0Ka TTOCTOSTHHOTO TOKa ITO3BOJISET OCYLICCTBJIIATH
OLICHKY IMMKOBOI'0 YPOBHs CUTHAJIa B TeKYHIeﬁ TOYKE H3MepeHI/II>'I, a TaKK€ OILICHKY IMTMKOBOI'O YPOBH:, €CJIN B
KaKOM-TTH00 CJICAYIOIIICM Aajice YCTpOfICTBe MOCTOsAAHHAA COCTaBJIAIOLIAA CUTHAJIa YAAIACTCA.
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[lepBriii mar 3aknrodaercs B MpuUMeHeHWW ocnadmeHus Ha 12,04 nb (casur Ha 2 paspsana). Llems atoro
mara — obecItledeHne 3armaca 1Mo ypoBHIO IS TIOCIIEAYIOMEeH 00pabOTKH CHUTHANIa, B KOTOPOU MPUMEHSIETCS
LEJIOUUCIICHHAS apUQMETHKa. JTOT 1Iar He TpeOyeTCsl, €CIH BBITOTHIIOTCS PACUEThI C TUIABAIOIICH 3arsaTOM!.

OunbTp ¢ 4-KpaTHOW NEpeNUCKpeTU3alMed YBEIUYUBAET YaCTOTY OUCKpeTu3anuu curHaia ¢ 48 kI'u no
192 x['i. DTOT BapWaHT CUTHANA C TOBBIIIEHHOW YacTOTOW IWCKpEeTH3aluu Ooliee TOYHO TOKa3bIBaeT
peanpHyI0 hopMy KoJieOaHHi, IPeICTAaBICHHYIO B cCUTHaE. [IpeamodTuTeIbHO UCTIONL30BaTh MMOBHITIICHHBIC
3HAYCHMsI YacTOTHl JUCKpeTu3auuu u kodduuumentsl mnepemuckpermzanmu (cM. JJonoanenne 1k
Hactosimiemy [lpunoxxeHuro). BxomHbele CcUTHanbl, UMEIOIIME TMOBBIINIEHHYI0 YacTOTy JUCKPETH3AIlHH,
TpeOYIOT MPOIIOPIMOHATHFHO MEHBIIEH MepeIucKpeTH3annuy (HampuMep, I BXOAHOTO CUTHAJIa C YaCTOTOU
nuckperusanuu 96 kI’ qoctaTouHo OyAeT 2-KpaTHOU JUCKPETU3AINN ).

Hanmnune ¢axynbTaTHBHOTO CIIIQXKWBAIOMIEro (HIbTpa MPEIBICKaKEHUH SBISETCS NPUYMHONW TOTO, 4TO
aJITOPHUTM TIOKa3bIBAET ITOBBIIICHHBII MMKOBBIA YPOBEHB JJIsI BHICOKOYACTOTHBIX KOMIIOHEHTOB CHT'HaNa. JTO
MOXKHO JeJaTh, NMPUHAMAs BO BHMMAaHHE TO, YTO 3HAYUTEILHO CIOXKHEE HM3MEPATh M KOHTPOJIHPOBATH
MUKOBBIE  3HAUCHHWS  BBICOKOYACTOTHBIX  KOMIIOHEHTOB  CHTHala  BCIEICTBHE  JTUCIIEPCHOHHBIX
(dazoBbrit cnBUT) 3P PEeKTOB, BOZHUKAIOIIMX B MHOTOYHCIEHHBIX (uiabTpax HailikBucTa, KOTOpBIE YacTo
UCTIONB3YIOTCS B LIETIH CIIEJOBAaHMS PaIHOBEIIaTEIbHOTO CUTHANA.

@DakynbTaTHBHBINA 3arpakAaloniuid GUIBTP TOCTOSHHOTO TOKAa IMPUMEHSIETCS B CiIydae, KOrja CHUTHAI
SIBIIIETCSl KpaliHe aCMMMETPHUYHBIM HIIM B HEM MPHCYTCTBYET CMEIIEHHE ITOCTOSHHOW COCTAaBISIOIICH.
Hapsiny ¢ m3mepeHreM MUKOBOTO YPOBHS TEKYIIETO CUTHANIA (BKIIOYAOIIETO ACHMMETPHIO W/HITH CMEIICHHE
NIOCTOSIHHOM COCTAaBIISIOIIEH ), BBEZICHUE 3TOM (PAaKyJIbTATUBHOW CEKIIUH ITO3BOJISIET H3MEPSITh CUTHAI TaKUM,
KaKUM OH ObLIT Obl, eciii ObI KAaKOW-HUOYAb CICAYIONIMIA JaJiee JIEMEHT 000PY/I0BaHUS BRIOTHSIT (QYHKITUIO
3arpaKAarmero GUIbTpa MOCTOSHHOTO TOKA.

AOCOIIIOTHOE 3HAYEHHE OTCUYETOB MOMYYAIOT IMyTeM HHBEPTHPOBAHUS MMEIOIIMX OTPHUIIATEILHOE 3HAUCHUE
OTCUETOB; B ATOM TOYKE CHUTHAJ SIBJISICTCS OJHOMOJSPHBIM, TaK KaK OTPHUIATENIbHBIC 3HAYCHUS 3aMEHEHBI
MTOJIOKUTENBHBIMHA 3HAYEHUSIMU TOM K€ BENMYUHBI. BbIXoa 1 —3TO MOTOK BBIXOJHBIX 3HAYEHHH, B CIIydae
ecii (aKyJIbTaTHBHBIN OJIOK MOCTOSHHOTO TOKa OTCYTCTBYET.

Ecmu peanmzoBaH (akynbTaTUBHBIA OJIOK mMocTOstHHOrO TOKa, Omok MAKC BeiOupaer Hambonbliee
3HAYEeHUE KaXIOro 0TCYETa B ABYX TPAKTaX CUTHajla; B 3TOM CIIy4ae BBIXOIOM siBistercst Boxon 2.

Crenyromme najgee CUCTEMHBIC OJ0KHM (He TOKa3aHHBIC M HE ONMCAHHBIE B HACTOSIIEM JOKYMEHTE) MOTYT
CpaBHHMBATh 3HAUEHHS OTCYETOB HA BBIXO/e ¢ HOMHHAIBLHBIM 100% ypoBHeM nmukoBoro curHana (1/4 moxHoit
LIKaJIbl, €CTIM Ha BXOJE NPUMEHSJIOCH ocnabinenue Ha 12 1b), mpemocTaBiss OLEHKY HCTUHHOTO MUKOBOTO
YPOBHS OTHOCHUTEINEHO MTOJIHOW MU(POBO# IIKATBI.

B u3MmepeHUsx, Mpu KOTOPHIX CIEAYIOT 3THM YKa3aHWUSM M B KOTOPBHIX HCIOIB3YETCS MUCKPETHU3AMMS C
MOBBIIICHHON yacToToi He MeHee 192 k['m, cineayeT yka3plBaTh pe3yibTaT B e€IWHULAX "AB MCTUHHOTO
IMMKOBOTO YpOBHA". DTO 00O03HAaueHHE O3HAYaeT JAeNUOeNbl OTHOCHUTENBHO TonHOW mkanel B 100%,
M3MEPEHNE NCTUHHOTO TUKOBOTO YPOBHSI.
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Jlonoanenue 12
K IIpuiioxkenuro 2

CooOpaskeHHs1 OTHOCHTEIbHO TOYHOT0 U3MEPEHUS
NUKA NUPPOBBIX 3BYKOBBIX CUTHAJIOB

B wem 3axnouaemcs npobaema?

Wsmeputenun mrka B IUQPPOBBIX 3BYKOBBIX CHUCTEMAax YacTO PETHCTPUPYIOT "THKOBBIA OTCUET', a He
"UCTUHHBIN NUK".

M3mepurenu MUKOBBIX OTCUETOB pabOTAIOT, KaK MPABWIO, IMyTEM CpPaBHEHUS abCOIIOTHOTO (CPEAHETO IO
MOAYJII0) 3HAUCHHUS KaXJOr0 BXOAHOTO OTCYETa C TEKYIIMM MOKa3aHWEM H3MEPUTENs; €CIU 3HaueHUe
HOBOTO OTCYETa BHIIIE, OHO 3aMEHSET TEeKyIllee IMOKa3aHue; eClid HeT, TeKyIlee IMOKa3aHue YMHOXKAeTCs Ha
MOCTOSIHHYIO, HECKOJBKO MEHBIIYIO CIUHUIIBI, JJIS CO3JaHus JorapuMUUYECKOro 3aTyxaHus. Takue
HU3MEPUTENIS IIUPOKO PACHPOCTPAHEHHI B CUIIY MIPOCTOTHI UX Peaiu3alii, HO OHU HE BCETNa PETUCTPUPYIOT
3HAYEHHE UCTUHHOTO IHKa 3ByKOBOTO CHTHAIIA.

CrenoBaTenbHO, MCHOIb30BAHME HU3MEPUTENSI MMKOBOIO OTCUETa B CIydasx, KOTJa BaXKHO OCYILECTBIATH
TOYHOE H3MEpPEHHE IHUKOB MPOrpaMMBbl, MOXET NMPUBECTH K BO3HMKHOBEHHIO MpobiieM. K cokanenuto,
OOJIBIIMHCTBO LU(POBBIX U3MEPHUTENEH MUKOB SIBJISIOTCS U3MEPUTEISIMH MMUKOBBIX OTCUETOB, XOTSI 3TO U HE
BCErja O4YeBUIHO IS OIlepaTopa.

Bo3uukHOBEHNE HpO6JI€MI>I 06ycn03neHo TEM, YTO PCAaJbHBIC IMMKOBBLIC 3HAYCHUSA AUCKPECTUSUPOBAHHOIO
CHUTHAJA OOBIYHO IOSBIISIIOTCS MEXKAY OTCUCTaMH, 4 HC TOYHO B MOMCHT AUCKPCTU3AlLIUH, U KaK TAKOBBLIC
MpaBUJIBHO HE PECTUCTPUPYIOTCA U3MEPUTCIIEM ITNKOBBIX OTCUCTOB.

D10 ABISETCI HpH‘II/IHOfI HECKOJbKHMX M3BECTHBIX aHOMAaJIHi H3MepI/ITeJIeI>'I IMUKOBBIX OTCUCTOB:

- Heycmoiiuusvie 3nauenus nuxos. Yacto oTMeuaercs, YTO MPU MHOTOKPATHOM BOCIIPOM3BENCHUU
aQHAJIOTOBOW 3amucH 4epe3 IU(POBYIO CHUCTEMY C H3MEPHUTEIeM NIHKOBBIX OTCYETOB 3HAYCHHS
MPOTPAMMHBIX TTUKOB BECbMa CHJIBHO PACXOASTCS MPU KaKIOM BOCIIPOM3BEICHUH. AHAIOTHYHO,
ecnu nu(poBas 3auch MHOTOKPATHO BOCIIPOU3BOJUTCS Yepe3 KOHBEPTOP YaCTOTHI AUCKPETH3AINH
IO U3MEPEHHSI, PETUCTPUPYEMBIE TUKH TOYHO TaK JK€ PA3INIAIOTCS MTPH KaKIOM BOCTIPOU3BEICHUH.
DTO MPOUCXOMUT H3-3a TOTO, UYTO TPHU KAXKIOM BOCIPOU3BEACHHH JK3EMIUIIPHI OTCYETOB MOTYT
MOMaIaTh B Pa3IMYHBIC YaCTH UCTUHHOTO CUTHAJIA.

- Henpeodsudennvie nepecpysxu. B cuily TOro 4ro IUCKPETH30BaHHBIE CHUTHAJIBI MOTYT CONEP)KaTh
Meperpy3ku JaKe B OTCYTCTBHE OTCYCTOB B Ipeleiax MOJHOM HU(GPOBOI HIKANBI UM OJIU3KO K
Hell, MHIUKAIUs Teperpy3Kn U3MEPHUTENIEeM MMMKOBBIX OTCYETOB SIBJsAETCS HeHaexHOU. [leperpy3ku
MOTYT BBI3BaTh Cpe3aHHWE WMITYJIBCOB B IMOCIEAYIOUINX IPOIeccax, HAIpUMep B ONpeAeseHHBIX
UQPO-aHAJIOTOBBIX MPeodpa3oBaTelsiX WIN MPHU MpeoOpa3oBaHUH YaCTOTHI JUCKPETU3AIUH, AaXKe
€CJI JTH TePerpy3KH paHee He ObLIN 3aperuCTPUPOBAHBI U3MEPHUTEIEM ITMKOBBIX OTCYETOB (M axe
OBLIM HEPA3JIMIMMEBI Ha CITyX IIPH KOHTPOJIE UX B ITOH TOUKE).

- 3anusicennoe 3nauenue u buenue usmepsemvblx moHoe. YucThle TOHBI (TaKI/IC KaK TOHBbI HaCTpOfIKPI),
OnM3Kue K LEJIBIM MHOXHUTEIIAM YaCTOThl JUCKPETU3ALWMH, MOT'YT OdaBaTb 3aHMXCHHOC 3HAYCHUC
HJIK CO3JaBaTh IMOCTOSAHHO MCHAIOMICCCA 3HAYCHUC, JaXKE IPU IIOCTOSTHHOM AMIIIUTY € TOHA.

Hackonvko cepvesnoti modcem Ovims 9ma npodnema?

B nmenom yem BBIIE YacToTa U3MEPACMOro AUCKPETUSUPOBAHHOTO IIHMKOBOI'O CUrHajla, TEM 0oJIbIIIEe
NOTCHIMAJIbHAaA OIIMOKa.

B ciyuae HempepBIBHBIX YHCTHIX TOHOB HECJIOXHO MPOJEMOHCTPHPOBATh, HAPUMED, 3aHWKEeHHOe Ha 3 nb
3HAYCHHE HEyJauHO ()a3MPOBAHHOTO TOHA HA YETBEPTH YAaCTOTHl JUCKPETHU3ALMHU. 3aHMIKCHHE 3HAUYCHUS
TOHAa Ha IIOJIOBUHE 4YacTOTHl JUCKPETH3AIMM MOXET OBITh  (PAKTUYECKU HEOTPAHHUYCHHBIM;

2 TIPUMEYAHME. — Crenyroniyto Hike uHGOpMAlMIO s CBejleHHs npenctaBuna Pabowas rpymma SC-02-01

no crangaptaM AES depe3 Jloknagunka PI" 6J mo paauocBss3u mo BonpocaMm u3MepeHHUs TPOMKOCTH.
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OJTHAKO OOJBIIIMHCTBO IM(POBBIX 3BYKOBBIX CHUTHAJOB HE MMEIOT Ha ATOH YacTOTE JTOCTATOYHO SHEPTUU
(Bcuny ee 3HAUUTEIILHOTO HCKIIOYCHUS CrIQKUBAIONUMHU (QUIBTpAaMH B TOUYKE IU(PPO-aHATIOrOBOTO
peoOpa3oBaHUs M TMOCKOJBKY B COCTaBe "pealbHBIX" 3BYKOB OOBIYHO HE Npeo0IalaloT HEeNpephIBHBIC
BBICOKHE 9acTOTHI).

HenpepriBHbIE TOHBI, HE SBISIOIINECS OIM3KUMU K HU3IINUM I€JIbIM MHOXHTENSAM YacTOThl AUCKPETH3ALNY,
HE JIal0T 3aHMKEHHOTO 3HAYCHHUS B U3MEPHUTENSX MUKOBBIX OTCUETOB, IIOCKOJIbKY YacToTa OueHus (pasHuIa
MEXIY #.frone U f;) BECBMa CpaBHHMA C BEJIMYMHOW, OOpATHOM CKOPOCTH 3aTyXaHUs m3Mepurens. Jpyrumu
CJIOBaMHU, MOMEHT AMCKPETU3AMH YacCTO IOCTATOYHO OJIM30K K MCTUHHOMY NHKY TOHA, YTOOBI MU3MEPHUTETb
HE 3aHI>KaJ €ro 3HaueHue.

Bmecre ¢ Tem Ui OTHENBHBIX KPaTKOBPEMEHHBIX 3BYKOB 3aHIDKEHHE 3HAYCHH ITHM MEXaHU3MOM HE
CKPBIBAETCS, TIOATOMY YeM 00Jiee BHICOKOYACTOTHBIM SIBISIETCS] COJEPKUMOE KPATKOBPEMEHHOIO 3BYKa, TEM
0OJIBITIE TTOTEHITHAIBHOE 3aHMKEeHNE 3HaueHus. [ "peanbHoro" 3Byka OOBIYHBIM SBJISCTCS 3HAYUTEITHHBIN
00BEM BBICOKOYACTOTHOTO COJIEPIKUMOTO B KPAaTKOBPEMEHHBIX 3BYKaX, U 3aHMKCHHE MX 3HAUCHUS MOXET
OOBIYHO COCTABJIATH HECKOIBKO b.

B CHUIIy TOT'O YTO p€aJibHbIC 3BYKU UMCIOT CIICKTD, COBHa,I[a}OIHHI;'I B HaIlpaBJICHUHW BBICOKHX YAaCTOT, U 3TO HE
MCHSACTCA C YBCJIMUCHHUEM YaCTOThI AUCKPETU3AlINH, 3AHUKCHUEC 3HAYCHHI N3MEPUTEIIEM ITHMKOBLIX OTCUCTOB
MEHbIIIE HA 00JI€€ BEICOKUX HNCXOOHBIX YaCTOTaX JUCKPCTU3ALIUH.

Kax paspewums smy npobnemy?

Hdns  w3MepeHHMss  3HAYEHUS HMCTUHHOTO MHKa  AMCKPETU3MPOBAHHOTO  CUTHalMa  HEoOXOOUMO
"mepeancKpeTH3upoBaTs” (WIM MOBBICUTh YacTOTy OUCKPETH3alUM) CHUrHaja, (PaKTHUYECKH BOCCTAHOBUB
HUCXOJHBI CHTHAJ MEXIY CYyIIECTBYIOIIMMHM OTCUETaMH U YBEIMYUB TaKUM O00pa3oM 4acToTy
JUCKPETU3allMi CHUTHajla. OJTO TPENJIOKEHHE BBI3BIBAET COMHEHHME: KaK Mbl MOXXEM BOCCTAHOBHUTH
nHpOpPMaLUIo, KOTOpas, [O-BUOMMOMY, Yyke mnorepsHa? Ha camoMm pene, Teopusi IUCKpETH3aLUU
IIOKa3bIBAET, YTO MOXKHO 3TO CAEJATh, TAK KaK U3BECTHO, YTO 3TOT JUCKPETU30BaHHBIA CUTHAII HE COAEPIKUT
Y4acTOT BBIIIE MOJOBHHBI HCXOJHONW YaCTOTHI TUCKPETH3ALINH.

Kakoit HeoOxoanm ko3 dunuenT nepeauckperuzanuu? YToObl y3HATE 3TO, MpeXkae HEOOXOAUMO OTBETHUTH
Ha JIBa BOIpoca:

— KakoBa makcuManbHas nmpuemicmas OIInOKa BCJIICACTBUC 3aHNKCHUA 3HAYCHUA?

- KakoBO OTHOIIEHHE HAWBBICIICH YacTOTHI, MOAJEXKAIICH M3MEPEHHI0, K 4acTOTe NUCKPETH3ALUH
(MakcuMmanbHas "HOpMHpOBaHHast yacTora'")?

Ecnmu »Tm KpuTepuu W3BECTHBI, CTAHOBUTCS BO3MOXKHBIM BBIYMCIUTH HEOOXOOUMBIH KO3()(UIIEHT
MEPEeAUCKPETU3AMH (Jake HE pacCMaTpuBas €lle ACTald peaju3alud NMepPeIUCKPEeTU3ali) C IOMOIIbIO
HECJIO)KHOTO MeToJa ""MMUIUMETpoBoi Oymaru". M0)KHO TIPOCTO YYHUTHIBAaTh, KaKO€ 3aHMKEHHE 3HAUYEHUS
MIOJIy4YUTCSl B pe3ysibTaTe Mapbl OTCYETOB, CHUMMETPUYHO TMOSBISIOMIMXCS C MNEPEeIUCKPETU30BAaHHOU
CKOPOCTBIO II0 00E€UM CTOPOHAM ITMKA CHHYCOHW/bI Ha Hallel MaKCUMaJbHOI HOPMUPOBAHHOM YacToTe. DTO
"Xyamui cirydait" 3aHHKEHHUS 3HAYCHMS.

Urak, nns ko3 dunmenTa nepeucKpeTH3alvm, 1
MaKCHUMaJIbHOH HOPMUPOBAHHON YACTOTHI, f7o/m
YacTOTHI IUCKPETHU3AIINH, f;
MOKHO BHJIETH, YTO:
TIEPUOJT JUCKPETU3AIUH MPH TTEPEAUCKPETHI0BAHHON CKOPOCTH COCTABIAET 1/m.f;

MEPUO MAKCUMAIBHON HOPMUPOBAHHOM YaCTOTBI COCTABISCT 1/f,0m.fss

3HAYUT:
MakcUMyM 3aHwxkeHust 3HaueHus (1b) coctaBut 20.10g(cos(2.7.from.fs/1.£5.2))
(2 B 3HamMeHaTesre OOYCIIOBICHO BEPOSITHOCTHIO MPOMyCKa MHKA MaKCHMYM Ha IOJIOBUHY
Nepro/ia MePeaUCKPETU3ALINH)

W

MaKCUMyM 3aHkeHus 3HaueHusI (B 1b) = 20.log(cos(n.frorm/1)).
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DTO ypaBHEHHE HCIIONB30BAIOCH IS COCTaBJICHHS CIICAYIOMICH HWXKE TaONHIBI, KOTOpas, HamOojee
BEpOSTHO, OXBATHIBACT AMANA30H, IPEACTABIISIONINA HHTEPEC:

K MakcuMyM 3aHWKeHHs 3HAYeHns1 | MaKcuMyM 3aHWKeHHs] 3HAYeHUs
03 duuueHt (1B) (1b)
nepeAucKpeTH3annn S = 0,45 From =05
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 oonoicen 6vims peanuzosan usmepumens uCmMuHHO20 nuxka?

Omnepauys nepeIucKpeTH3aluy BEIIOIHIETCS IyTeM BKIIOUEHHUS OTCUETOB C HYJICBBIMHU 3HAYCHUSIMH MEXILY
HUCXOIHBIMH OTCUETaMH, C TeM 4YTOOBl 00pa3oBaTh NOTOK NAHHBIX C 3aJaHHOW NEepeANCKPETU30BaHHON
CKOPOCTBIO M TMOCJIEAYIOUIMM HNpUMEHEHHEeM "HHTepnonupytomero" ¢(uibTpa HIKHHUX YacTOT JUIS
UCKITIOYEHHS] YacTOT BBILIE 3aJaHHOW MaKCHUMAaJIbHOU f,m,. ECIN Temepb MpUMEHHUTH allrOPUTM M3MEPEHUS
[TUKOBBIX OTCYETOB K MEPEIUCKPETU3UPOBAHHOMY CHTHAy, IOIYYUM HM3MEPHUTENb HCTHHHOTO IHKa
C JKeJIaeMbIM MaKCUMAaJIbHbIM YPOBHEM 3aHWKECHUS 3HAUCHUSI.

WHTepecHO paccMOTPETh peau3alMio TaKoro IMepeaucKpeTrn3aTopa. IIpuHATO BBINONHATH Takod (QUIBTD
HWKHUX YacTOT KaK CHMMETPHYHBIH (PHIBTp ¢ KOHEYHOW wuMITyibcHOW xapakrtepuctukod (FIR). Ilpu
HCTIONb30BAaHUM TakuX (UIBTPOB MJIi MPOIYCKaHMS BBICOKOKAYECTBEHHOI'O 3BYKOBOTO Marepuaa,
HanpuMmep B (ycrapeBmMX) OU(PO-aHAJIOrOBBIX  NpeoOpa3oBaTelsxX  IMEPEeAUCKPETU3AUUH MU
peo0pa3oBaTeIsiX CKOPOCTH AMCKPETU3ALMH, HEOOXOAUMO BBIUMCIIATH OOJIBIIOE YHCIO "OTBOAOB", ¢ TEM
YTOOBI MOAAEPIKUBATH OUEHb MaJIyt0 HEPAaBHOMEPHOCTH B TI0JIOCE MPOIYCKAHHUS U JOOMBATHCSI HAUOOJIBIIETO
ocialJieHHsl B MOJIOCE 3arpaKACHUS, a TAKKE Y3KOM mepexoqHoi nonocsl. Takke JOmKHA MOANEPKUBATHCS
OoJiblIast AJIMHA CIIOBA AJISI COXPaHEHHUS AMHAMHYECKOTO TUara3oHa i MUHUMH3ALUH HCKAXKEHUS.

Bwmecte ¢ TEM, IIOCKOJIbKY Mbl HC HAMCEPCHBI NPOCIYIINBATH BbIXOA HAIICTO NEPEAUCKPETHU3ATOPA, 4 TOJIBKO
HUCIIOJB30BATh €TI0 IJIA OTO6pa)KCHI/I5{ 3HAYCHUH WU MNOCTPOCHHA THUCTOrpaMMBbI, BCPOATHO, MOKHO HC
OpEABbSABIIATE TAaKHUE IKC Tp€6OBaHI/I$I K TOYHOCTH. I[O TEX IIOp IIOKAa HCEPABHOMCPHOCTBL B TIIOJIOCC
NpoOIyCKaHusA, CBA3aHHAd C IMMAapa3UTHBIMHU KOMIIOHCHTAMU U3 3arpa>x<zla101ueﬁ MOJIOChI, HE YXyAUIacT
TOYHOCTH 3HAYECHUU IIO CpaBHCHHUIO C 3a,Z[aHHOﬁ HaMH, CUHTAEM €€ y,HOBHeTBOpHTeHLHOﬁ. 910 B
3HAYUTEILHOU CTEIICHHU COKpamacT KOJIUYCCTBO HCO6XO,[[I/IMI>IX OTBOAOB, XOTA MOXKCT COXPAHATBHCA
H606XOILI/IMOCTI> B 00CCITEUYECHUH y3KOﬁ nepexoL[Hoﬁ IIOJIOCHBI, YTO 3aBUCHUT OT SaHaHHOﬁ HaM{ MaKCUMAaJIbHOM
HOpMHpOBaHHOﬁ YacTOThl. AHAJOTHYHO MOXKHO OTrpaHUYHUTLCS Tpe60BaHI/IeM, YTOOBI JJIMHa CJI0Ba ObLTa
HOCTaTO‘IHOﬁ AJIsL TapaHTUX MOAACPIKAHUA ueneBoﬁ TOYHOCTHU BIUIOTH O OCHOBAHUSA THCTOTPaMMBbI, €CIIHU
TOJIBKO HE Tpe6yeTc;1 TOYHBIA YHCIIOBOM pe3yJabTaT A HU3KUX aMIUTIUTY A.

Takum oOpa3oMm, BO3MOXKHA peanu3alisi COOTBETCTBYIOILETO IEepenuCcKpeTH3aTopa (MOXKeT ObITh IS
0O0JBIIOrO YKCNia KaHaJoB) Ha oObIYHOM Hemoporom mpoueccope DSP wimm FPGA, a moxer, u Ha Oonee
npocroM mponeccope. C Opyrod CTOPOHBI, H3MEPUTENH C MEPEAMCKPETU3ALMENd BBITOJIHIIOTCA C
HCTIOJIb30BaHUEM BBICOKOTOYHBIX YUIIOB MEPEIUCKPETH3ALNH, KOTOPbIE ITPEeJHAa3HAYCHBI 1151 HCIIOIb30BAHUS
B 1u(pO-aHAIOrOBBIX IMpeoOpa3oBaTelsix. XOTS 3TO M B HEKOTOPOHW CTENEHH PACTOUYHUTENILHOE
HCTIOJIb30BaHUE KPEMHHUSI U 3JIEKTPOIHEPTUH, YCTPOICTBA SIBJISIOTCS HEAOPOTUMH U JIETKOAOCTYITHBIMU.

[Ipocreiimum MeTonoM ompeneneHus: TpeOyeMoro yucia OTBOJOB U KO3(PULIUEHTOB OTBOJOB, UCXOIS U3
cneunuKalud KOHKPETHOTO HW3MEPUTENs, SBJSIETCS HCIIONb30BAHUE MPOrPaMMbl [IPOCKTHPOBAHUS
pexypcuBHBIX GmitbTpoB FIR, Takoii kak Remez niu Meteor.

[Ipu peanuzanuu n3MepUTeNs IUKOB TAKKE MOXKET MPENbsBIATHCS TPEOOBAaHHE UCKIIIOUCHUSI BO3ICHCTBUS
JAr000r0 BHEIIHET0 HCTOYHHUKA IIOCTOSIHHOTO TOKA, IIOCKOJNBKY TPAaIUIMOHHO H3MEPUTENH 3BYKOBBIX
CUTHAJIOB 3aIepThl IO MOCTOSIHHOMY TOKy. C IOpyroi CTOpPOHBI, €CIIM 3HAY€HHE MCTUHHOTO IHMKa CHTHaja
TpeOyeTcs B LeIsIX UCKIIOYEHUS ePErpy3Ku, TOrAa IPUCYTCTBUE MTOCTOSIHHOTO TOKA JI0JDKHO COXPAHATHCA U
nu3MepATeest. 1Ipn HEOOXOOMMOCTH MCKIIOUEHHE IMOCTOSIHHOTO TOKa MOKHO BBIIOJHUTH, 3aJC€HCTBOBAaB
MaJIyI0 BBIYMCIUTENIBHYIO MOIIHOCTH, IIyTE€M BKJIIOUEHHSA (PUIBTpa BEPXHUX YAaCTOT HHU3ILETO MOPSIKA C
OecKOHEeYHOH UMITYyIbCHOM Xapakrepuctukoii (IIR) Ha Bxoxe n3amepurens.
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I/IHOI‘Z[a H606X0):[I/IMO U3MCPATh aMIUIUTYAYy MHUKOBOI'O CHUTHaJla TOCJIIC NPHUMCEHCHHA OHNPCACIICHHOIO THUIIA
B3BCHIMBAIOLICTO (1)I/IJII>Tpa, C TE€M 4YTOOBI BBIZICIIUTH BOSI[CfICTBI/IG HEKOTOPBIX YYAaCTKOB IIOJIOChI 4aCTOT.
Peanu3zaiins 3aBUCUT OT CBOMCTB KOHKPETHOT'O B3BCIIMBAKOLICTO (l)I/IJ'IBTpa.
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