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(57) PackpeIT croco6 st 1eKOAMPOBAaHKS KOAMPOBAHHOTO 3ByKOBOTO GUTOBOIO 1moToka. Criocob BKIO4aeT

B ce0s mpreM KOIMPOBAHHOTO 3BYKOBOTO OMTOBOTO IOTOKA M JCKOJHMPOBAHME 3BYKOBBIX TAHHBIX IUIS
(hopMIpOBaHUS EKOMTUPOBAHHOTO 3BYKOBOTO CHTHAJIA B ITOJIOCE HU3KUX YacTOT. Crioco0 JOMONMHUTETFHO
BKITIOUACT B CcOs M3BIICUCHHEC MCTAJAHHBIX PEKOHCTPYKIIMMA BBICOKMX YacTOT U (DHIBTPAILUIO
JEKOIMPOBAHHOTO 3BYKOBOTO CHTHajlla B IIOJIOCE HU3KHX YacCTOT TPEeOCHKOW (MIBTPOB pa3IOKeHHS
curHaia Uit (opMHpPOBaHUS (DMIBTPOBAHHOTO 3BYKOBOTO CHTHANIa B TMOJOCE HHM3KHX 4acToT. Criocod
TaKXKe BKJIFOYACT B ce0sl M3BIICUCHHE (PIIAKKOBOTO MPHU3HAKA, YKA3BIBAIOIIETO, JOJIKHBI JIU BBIMOIHATHCS
HaJ 3BYKOBBIMH JaHHBIMH CIIEKTPajJbHOE NPeoOpa3OBaHME WM TapMOHWYECKas TPAHCIO3WIUS, U
BOCCTAHOBIICHHE YaCTH BBICOKMX YaCTOT 3BYKOBOTO CHTHajlla C HCIIONB30BaHUEM (DHIBTPOBAHHOTO
3BYKOBOI'O CHTHaja B TOJIOCE HHU3KHUX YacTOT M METaJaHHBIX PEKOHCTPYKUHH BBICOKMX 4YacTOT B
COOTBETCTBHH C (pJIAKKOBBIM ITPH3HAKOM.
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O0J1acTh TEXHHKH, K KOTOPOi OTHOCHTCS M300peTeHHe

BapuaHTBI OCyIIeCTBICHUS UMEIOT OTHOLIEHUE K 00pabOTKe 3BYKOBBIX CHUTHAJIOB, a TOYHEE, K KOJUPOBa-
HUIO, JIEKOAMPOBAHUIO I MEPEKOJUPOBAHHIO 3BYKOBBIX OMTOBBIX MOTOKOB C YNPABISIIOIIMMHU JAaHHBIMH, 3a-
JAOUIMMHU TO, JOJDKHA JIM BBIIIOJIHATHCS HaJl 3BYKOBBIMH JaHHBIMU 0a30Bas (popmMa pEeKOHCTPYKIMH BBICOKHX
gactoT ("HFR") wim ycoBepmencTBoBanHas popma HFR.

YpoBeHb TeXHUKH H300peTeHNs

TUMUYHEIN 3BYKOBOI OUTOBBIN IMOTOK BKJIIOYAET B ce0s1 KaK 3BYKOBBIE TaHHBIC (HAIIPUMEDP, KOAUPOBAHHBIE
3BYKOBBIE JJaHHBIE), YKa3bIBAIOIINE OJUH MM OoJiee KaHAJIOB 3BYKOBOTO KOHTECHTA, TaK M METaJaHHbIC, YKa3bl-
BAIOIIE 110 MEHbLICH Mepe OJHY XapaKTEPHCTHKY 3BYKOBBIX JAHHBIX MJIHM 3BYKOBOTO KOHTeHTa. OJTHMM U3 IIH-
POKO M3BECTHBIX (OpMaTOB 11 HOPMHUPOBAHMS KOJUPOBAHHOTO 3BYKOBOTO OMTOBOTO IOTOKA sIBJIsieTcst popmar
[epcnexktuHoro 3BykoBoro koaupoBanusi (AAC) MPEG-4, ommcannsiit B crannapre ISO/IEC 14496-3:2009
MPEG. B crangapre MPEG-4, AAC o6o3HavaeT "nepcrnekTuBHOE 3ByKoBoe konuposanue', a HE-AAC o6o-
3Ha4aeT "BBHICOKOA((EKTUBHOE MEPCIIEKTHBHOE 3ByKOBOE KOJUPOBaHHE".

Crangapr AAC MPEG-4 omnpenensieT HeCKOIBKO 3BYKOBBIX MPOQHIIEH, KOTOPhIE ONPEAENSIOT, KakKue 00b-
eKThl M CpPEICTBAa KOJMPOBAaHMS MPUCYTCTBYIOT B COBMECTUMOM KOAMPOBINUKE WM AeKoaepe. Tpems n3 3Tux
3BYKOBBIX mpodwteit sBisttores (1) mpoduns AAC, (2) npoduns HE-AAC u (3) npoduns HE-AAC v2. Ipo-
¢ums AAC BrimrouaeT B cebs Tum o0bekta Maoi cioxxkaoctTd AAC (i "AAC-LC"). O6vekt AAC-LC sBiser-
cs1 aHasioroM s ipoduns maoi cinoxkaoctn AAC MPEG-2 ¢ HEeKOTOPBIMU KOPPEKTUPOBKAMH 1 HE BKIIFOYAET
B ce0s1 HE THIT 00BEKTa perutnkanuu mosioc crekrpa ("SBR"), Hu T o0beKTa mapamMeTpudeckoi crepeoGoHnn
("PS"). IMpodums HE-AAC sBnsieTcst HaaMHOKecTBOM Tipoduist AAC U TOTIOTHUTENLHO BKJIIOYAET B CEOS THTI
o6bekta SBR. IIpopmns HE-AAC v2 sBustercst HaxmHoxxecTBoM npoduist HE-AAC 1 10moNHUTENBHO BKITIO-
yaeT B ceOs Tun oObekra PS.

Tun o6bexta SBR conepxuT B cebe CpeACTBO PEIUIMKALMU TIOJIOC CHEKTPa, KOTOPOE SIBISIETCS BayKHBIM
CPEACTBOM KOAMPOBaHUS PEKOHCTPYKIHMK BhIcokHuX yacToT ("HFR"), xoTOopoe 3HaunTensHo yrmydmaer 3ddex-
TUBHOCTb C)KaTHSl MEPLENIMOHHBIX 3BYKOBBIX KOAEKOB. SBR pekoHCTpyupyeT BBICOKOYACTOTHBIE COCTABIISIO-
Iye 3BYKOBOTO CHTHAla Ha CTOPOHE NpHEMHHKa (HampuMep, B Aekozaepe). TakuM o0pa3oM, KOIUPOBIIHUKY
HYKHO KOJHMpPOBAaTh M INEPElaBaTh TOJIBKO HU3KOYACTOTHBIE COCTABIIAIOIINE, NMPEAOCTABIAS BO3MOXKHOCTD IS
ropaszo OoJiee BEICOKOTO KauecTBa 3ByKa Ha HU3KHUX CKOPOCTAX Iepenadn NaHHbIX. SBR ocHoBaHa Ha permka-
IIY TIOCJICI0BATENILHOCTEH TapMOHHK, PAaHEE YCEUEHHBIX, U TOTO YTOOBI YMEHBIIUTh CKOPOCTh IIepeJadn JaH-
HBIX, U3 MMEIOIIETOCS B PACIOPSHKEHUH CHTHANA C OIPAHHYEHHOW IMMPUHON MOJIOCH! YacTOT M YIPAaBIAIOMINX
JAHHBIX, TIOJ[ydCHHBIX W3 KOAMPOBIINKA. COOTHOIICHNE MEXIY TOHAIbHBIMU M IIyMOINOJOOHBIMU COCTaBIISIO-
MMM TTOJIEPKUBACTCS TTOCPEACTBOM aJIalITUBHOI 00paTHON (HUIBTpALNH, a TaKKe HeoOsN3aTeIbHBIM 100aBe-
HHEM IIIyMa U CUHyCOMJaNnbHbIX curHanos. B crangapre AAC MPEG-4, cpeactso SBR BEIIONHAET CHEKTpaib-
HYIO BKJIEHKY (TakXke Ha3blBaeMOe JIMHEHHBIM IpeoOpa3oBaHUEM WM CIIEKTPAIBEHBIM NpeoOpa3oBaHueM), B KO-
TOPOM HEKOTOPOE KOJIMYECTBO CJIEIYIOMIMX APYT 33 IPYroM IMOJINana3oH0B KBaJpaTYPHBIX 3epKaIbHBIX (QHIIb-
tpoB (K3®, QMF) kommpyrores (nim "BkiIenBatoTcs") U3 NepelaHHON 9acTH MOJIOCHI HU3KUX 9aCTOT 3BYKOBOTO
CHTHaJa B YacTh IOJIOCH BBICOKMX YacTOT 3ByKOBOT'O CHTHAJNA, KoTopas popMupyeTcst B JeKoaepe.

CriekTpanbHas BKIEHKa WIN JIMHEHHOE MpeoOpa3oBaHUe MOTYT HE OBITh HICAIBHBIMHU AJISI HEKOTOPBIX TH-
MIOB 3BYKOBOTO CHTHAJIa, TAKUX KaK MY3bIKAJIBHBII KOHTCHT C OTHOCHTEIIFHO HU3KUMH YacTOTaMH Pa3[elICHUsI.
[TosTOMy HEOOXOAMMBI TEXHOJIOTHH JUTS YIy4YIIEHHUs PEIUTHKANH MT0JI0C CIEKTPA.

Kparkoe onucanue BADHAHTOB OCYyIlleCTBIeHHs H300peTeHUs

PackpeITa nepBast rpynna BapHaHTOB OCYIIECTBICHHS, KOTOPas OTHOCHTCS K CIIOCO0y ISt AEKOIUPOBAHHSA
KOJIMPOBAaHHOT'O 3BYKOBOTO OMTOBOTrO 1moToka. Crioco0 BKIItO4aeT B ce0sl MpueM KOJMPOBAaHHOTO 3BYKOBOTO OH-
TOBOTO ITOTOKA U JIEKOUPOBAHHE 3BYKOBBIX JIaHHBIX JUI (POPMHUPOBAHUS JIEKOJUPOBAHHOTO 3BYKOBOT'O CHUTHAJIA
B I10JIOCE HU3KHX 9acTOT. CIOCO0 JOMOIHHUTEIHHO BKIIIOYAET B CeOsl M3BJICUEHHE METaJaHHBIX PEKOHCTPYKILIUH
BBICOKHX YacTOT M (WIBTPALHUIO JEKOAWPOBAHHOTO 3BYKOBOTO CHI'Hala B IOJOCE HM3KHMX YacCTOT I'PeOEHKOM
(UITBTPOB pa3NoKeHUsI CHTHANIA Uil (GOPMHUPOBaHMS (DHILTPOBAHHOTO 3BYKOBOTO CHTHajla B TI0JIOCE HU3KUX
yacToT. Croco0 JOMOIHNUTENBHO BKIIOYAET B ce0st M3BJIeUCHHE (DIIa)KKOBOTO NMPHU3HAKA, YKa3bIBAIOIIETO, TOJIK-
HBI JIU BBITIOJHATHCS HAJl 3BYKOBBIMH JaHHBIMH CIIEKTPalbHOE NPEeoOpa3oBaHUE MIIM TapMOHHUYECKAsk TPAHCIIO-
3UIUSL, ¥ BOCCTAHOBJICHHE YaCTH BBICOKHX YacTOT 3BYKOBOT'O CHI'HAJIA C MCIONb30BaHUEM (PHIIBTPOBAaHHOTO 3BY-
KOBOTO CHTHaJIa B I0JIOCE HU3KUX YacTOT U METAJAaHHBIX PEKOHCTPYKIUH BBICOKHMX YaCTOT B COOTBETCTBHU C
(bnmaxKoBBIM TIpH3HAKOM. B 3akirodenne, crocod BKIOYAET B ceOsi KOMOMHUpPOBaHUE (QUIBTPOBAHHOTO 3BYKO-
BOTO CHT'HaJa B MI0JIOCE HU3KHUX YacTOT M BOCCTAHOBJICHHOW YaCTH MOJIOCHI BBICOKUX YacTOT IJIst (JOPMHUPOBAHHSA
MINPOKOIOJIOCHOTO 3BYKOBOTO CUTHAIA.

Bropas rpynmna BapuaHTOB OCYIIECTBIEHUS OTHOCUTCS K 3ByKOBOMY JEKOJEPY A AEKOAUPOBAHUS KOIU-
POBaHHOTO 3BYKOBOT'O OMTOBOTO 1MoToKa. J/lekozep BKiIIO4aeT B ceOsi BXOAHOW MHTEpdeiic a1 mprueMa KoJIupo-
BAaHHOTO 3BYKOBOTO OMTOBOTO IOTOKA, I'/Ie KOAWPOBAHHBIN 3BYKOBOH OMTOBBIN IOTOK BKIIIOYAET B ceOs 3BYKO-
BbIC JJaHHBIC, TIPEJCTABIISIONINE COO0I 4acTh HU3KHMX YacTOT 3BYKOBOTO CHTHaja, U OCHOBHOW JIeKOAep A Jie-
KOJIMPOBaHMS 3BYKOBBIX JAaHHBIX, YTOOBI ()OPMUPOBATH AEKOIUPOBAHHBIM 3BYKOBOW CHTHAI B IOJOCE HU3KUX
yacToT. Jlekonep Taxke BKIIIOYaeT B ce0sl NEeMYIbTUINICKCOD JUIS M3BJIEUCHUS! U3 KOAMPOBAHHOTO 3BYKOBOTO
OUTOBOTrO IOTOKA METANAaHHBIX PEKOHCTPYKIMH BBICOKHX YacTOT, TJI€ METaJaHHbIC PEKOHCTPYKIUHM BBICOKHX
YacTOT BKJIIOYAIOT B ceOst paboure mapaMeTpsl IS Tpoliecca PEKOHCTPYKIMH BBICOKHX YacTOT, KOTOPBIHA JH-
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HEHHO MpeoOpa3yeT HEKOTOPOe KOMUYSCTBO CICAYIOMIMX IPYT 3a APYroM MOJAMATIA30HOB M3 YaCTH ITOJIOCHI
HU3KHX YaCTOT 3BYKOBOT'O CHTHAJA B YACTh IOJIOCHI BBICOKHMX YaCTOT 3BYKOBOTO CHTHAJIA, ¥ TPEOCHKY (DHIBTPOB
pa3oXKeHus CUTHANA JUIsT QMIIBTPALlM JEKOJUPOBAHHOTO 3BYKOBOTO CHTHANA B ITOJIOCE HU3KUX YACTOT, YTOOBI
(hopmMupoBaTh (pUIETPOBAHHEBIN 3BYKOBOI CHTHAJ B MOJIOCE HU3KUX YacTOT. Jlekoaep HOTOIHUTENHHO BKIIFOYAaeT
B ce0s IeMyNBTUILICKCOP I M3BJICUCHUS M3 KOJUPOBAHHOTO 3BYKOBOTO OMTOBOTO MOTOKA (hIIasKKOBOTO TPH-
3HaKa, YKa3bIBAIOIIETO, JOJDKHBI JIM BBIOJIHATHCSA HaJ 3BYKOBBIMH JaHHBIMU JIMHEHHOE NpeoOpa3oBaHHE WIH
TapMOHWYECKasl TPAHCTIO3UINS, U BOCCTAHOBUTENHh BBICOKHX YACTOT JUISI BOCCTAHOBJICHHS YaCTH BBICOKHX Yac-
TOT 3BYKOBOTO CHTHAlIa C HCIIOJIB30BaHUEM (PHIBTPOBAHHOTO 3BYKOBOTO CHTHAJIA B TMOJIOCE HU3KHUX YaCTOT H
METaJJaHHBIX PEKOHCTPYKIUHU BBICOKAX YacTOT B COOTBETCTBHH C (PIIAKKOBBIM NPU3HAKOM. B 3akirodeHue, jae-
KOJIep BKJIFOYAeET B ceOsl TpeOeHKY (DUIBTPOB CHHTE3a CUTHANA Il KOMOMHHPOBAaHUS (PITBTPOBAHHOTO 3BYKOBO-
TO CHUTHAJA B MOJOCE HU3KUX YaCTOT M BOCCTAHOBIICHHOHN YaCTH TOJOCH BEICOKHAX YaCTOT, YTOOBI (hOPMHUPOBATH
MIMPOKOTIOIOCHBIHN 3BYKOBOY CHUTHAJL.

Jpyrue rpymnmsl BApHaHTOB OCYIIECTBICHUS OTHOCATCS K KOJAMPOBAHUIO M MEPEKOTUPOBAHUIO 3BYKOBBIX
OHWTOBBIX MOTOKOB, COJEPXKAIIUX B ceOe METalaHHBbIC, HACHTU(GUIMPYIOUINE, TOJDKHA JIH BEIONHATHCS 00pa-
00TKa YCOBEPIICHCTBOBAHHON peIUIMKAINH 1MoJIoC criekTpa (eSBR).

Kpartkoe onucanue uepre:xeit

@ur. 1 - cTpyKTypHas cXxema BapHaHTa OCYIIECTBICHUS CHCTEMBI, KOTOPas MOXKET OBITH BBITIOJHEHA C
BO3MOYKHOCTBIO BEITIONHATEH BapHAHT OCYIIECTBICHH 00J1a1af0IIero mpru3HaKkaMu n300peTeHus crnocooba.

@wur. 2 - CTpyKTypHas cxeMa KOIMPOBIIHKA, KOTOPBIH SBISETCS BApUAHTOM OCYIIECTBICHHUS 00J1agaoero
pu3HaKaMu U300peTeHust 0J10ka 00pabOTKK 3ByKOBOT'O CUTHAJIA.

®dur. 3 - CTpYKTypHas cXeMa CHCTEMBI, BKIIOYAIOMICH B ceOs JIEKOJep, KOTOPBINA SBISETCS BapUAHTOM
OCYILIECTBIICHHS 00JIAIAFONIETO MPU3HAKAMHU H300peTeHus OJIoka 00padOTKH 3BYKOBOTO CHUTHAJNIA H, IO BBIOOPY,
TaKXkKe MOCTIPOIIECCOP, MPUCOCTNHCHHBIH K HEMY.

®ur. 4 - CTpyKTypHasi cXeMma JIEKOJepa, KOTOPHIH SBISETCA BapUAHTOM OCYIIECTBICHHUS OO0JIaJaroIIero
MpU3HAKaMU H300peTeHus 0J10ka 00pabOTKH 3BYKOBOTO CHT'HAJIA.

@ur. 5 - CcTPYKTypHAs cXxeMma JIeKoepa, KOTOPHIH SBIIETCS elle OJHUM BapHaHTOM OCYIIECTBICHHS 00Ja-
JTAIONIETO TPU3HAKaMH H300peTeHns 0J10ka 00paboTKH 3BYKOBOTO CHTHAIIA.

@ur. 6 - cTpyKTypHas cxema eIlle OJHOTO BapHaHTa OCYIIECTBICHHUS 00JIaaloIeTo MprU3HaKaMy n300pe-
TeHus 0J10ka 00pabOTKH 3BYKOBOTO CHTHAJIA.

®ur. 7 - cxema 6sioka 6utoBoro noroka AAC MPEG-4, Bkirodaromero B ce0si CETMEHTHI, Ha KOTOPBIE OH
pa3zeneH.

Cucrema 0003Ha4YeHHii 1 TEPMHHOJIOTHS

Ha BceM mpoOTsHKCHHH TaHHOTO OMUCAHUS M300PETCHUS, B TOM YHCIC B (OPMYyJe U300pETCHIUS, BBIpaKe-
HHUC BBHINIOJIHCHHUE ONEpanuu "Han' CHUTHAIOM WM JaHHBIMU (Hampumep, QUibTpaimei, MacmTaOupoBaHHEM,
npeoOpa3oBaHUEM WM MPUMECHEHUEM KO3 QHIMCHTa epeiadn K CUTHAY WIH JaHHBIM) HCIOIB3YETCs B IIIH-
POKOM CMBEICIIE JUTsi 00O3HAYCHUS BBITIOTHEHUS OTEPAIMU HEITOCPEICTBCHHO HAJ CHTHAIOM WM TAHHBIMH, FITH
HaJl 00pabOTaHHBEIM BApUAHTOM CHUTHAJIA WIH JAHHBIX (HAPUMEp, HaJl BADUAHTOM CHTHAJa, KOTOPEIH MOABEpres
MpeIBapUTELHON (PHITbTpAIK UK TIPEABAPUTENBHONH 00pabOTKe Tiepe; ] BBITOJIHEHUEM OTIepaIliy HaJl HAM).

Ha BceM mpoTspkeHHH 3TOTO ONMCaHHUA U300pETEHs, B TOM 4YHcie B (hopMyie H300peTeHNs, BEIpakKeHUE
"010k 00pabOTKHM 3BYKOBOTO CHMTHAJNA" MK "3BYKOBOM TIpoIieccop"” MCIONB3yeTCs B IMIUPOKOM CMBICIE st 000-
3HAYCHHSI CHUCTEMBI, YCTPOWCTBA WJIM YCTAHOBKH, BBITIOJHEHHBIX C BO3MOXKHOCTBIO 00pabaTHIBaTh 3BYKOBBIX
naHHBIX. [IpuMepbl 610k0B 00pabOTKH 3BYKOBOTO CHTHAJIA BKITIOYAIOT B ce€0s, HO HE B Ka4eCTBE OTPaHUYCHUS,
KOJIMPOBIIHKH, MTEPEKOIUPOBIINKH, TECKOICPHI, KOJCKH, CUCTEMBI MPEIBAPUTEIEHON 00pAOOTKHU, CHCTEMEBI MO-
CTOOPAOOTKYU M CHCTEMBI 00paOOTKH OUTOBOTO MOTOKA (MHOT/IA YIIOMHUHAEMBIE KaK CpelcTBa 00paboTKu OHUTO-
BOTO MOTOKA). [IpakTudecku Best OBITOBAs DJICKTPOHKKA, TaKas KaK MOOWIIbHBIC TeNIe()OHBI, TEIICBU30PBI, JOPOK-
HBIC KOMITBIOTEPHI, TUIAHIICTHBIC KOMITBIOTEPBI, COICPIKUT B ceOe OJIOK 00paOOTKH 3BYKOBOTO CUTHAJA WIIH 3BY-
KOBOM mpo1ieccop.

Ha BceM MpOTSDKEHUM 3TOTO ONMHCAHWS HU300pPETEHUs, B TOM YHUCIE, B GOpMylie H300pETCHHS, TCPMUH
"mpucoenuHseTC" WK "MpUCOeTUHEH" UCTIONB3YETCs B IMMPOKOM CMBICIE, 9TOOBI 03HAYATh MPSIMOE HIIH OTIO-
cpenoBaHHOE coequHeHue. TakuM 00pa3oM, ecii MepBoe yCTPOHCTBO MPHUCOCTMHICTCS K BTOPOMY YCTPOHCTRY,
COEIMHEHNE MOXET MPOUCXOANTE Yepe3 MPsIMOe COSTMHEHNE WM Yepe3 OIMOCPETOBAHHOE COSANHEHHE C TIOMO-
MIBI0 IPYTHUX YCTPOWCTB M COCIOMHEHHH. bojee TOro, KOMIOHEHTHI, KOTOpble OOBEIUHEHBI B N C IPYTHMHU
KOMIIOHEHTaMH, TaK)Ke COeAMHEHBI IPYT C APYTOM.

IoapoOHoe onrcaHue BAPMAHTOB OCYIIeCTBIEHUS H300peTeHHs

Crangapr AAC MPEG-4 npearonaraer, 4Tto KoaupoBaHHbIH 6uTOBBIH MoTok AAC MPEG-4 BKitouaer B
ce0s1 MeTaaHHbIe, YKa3bIBAIOIINE KayKAbI THI 00paboTkn pekoHcTpykunu Beicokux dactot ("HFR"), kotopas
JIOJDKHA BBITIONHSITHCS (€CM KaKas-HUOYIb JOJKHA BBIMONHATHCS) ACKOACPOM ISl IEKOAUPOBAHHS 3BYKOBOTO
KOHTEHTa OUTOBOTO MOTOKA, W/WJIM KOTOPBIC YIPABISIOT Takol oO0paboTkoir HFR w/mim ykas3pIBaloT MO MCHb-
el Mepe OJHY XapaKTepUCTHKY WIIH ITapaMeTp 0 MeHbIIeH Mepe oaHoro cpeactsa HFR, momnexkarmero mpu-
MEHCHUIO UIS JICKOIMPOBAHMs 3BYKOBOTO KOHTEHTa OMTOBOTO ITOTOKAa. B MaTepmanax HacTOSIIETO H300peTe-
HUS, MBI UCTIONB3yeM BbIpakeHne "meramaHubple SBR" mis 06o3HaYeHHMs] METagaHHBIX dTOTO THIIA, KOTOPBIH
omnmicaHn winu yrnomuHaetrcst B ctannapre AAC MPEG-4 mist wicrionb3oBaHuS C peIDIMKaIlMeil TOJoC CIeKTpa
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("SBR"). Kak mpuHHUMaeTcss BO BHUMaHHE CICIHAINCTOM B JaHHON oOmactu TexHUkH, SBR sBnsercs pasHo-
BugHocThI0O HFR.

SBR mpeamnodYTuTensHO HCITOJIE3YeTCsl B KaUeCTBE CUCTEMBI C JIBOWHOM YaCTOTOMW MTUCKPETHU3AIUH, PUIEM,
JIeKAIMUHA B OCHOBE KOJIEK paboTaeT Ha IOJIOBMHE MCXOIHOW YacTOTHl THCKpPETU3allid, B TO Bpems kak SBR
(OYHKIIMOHHMPYET Ha UCXOMHOHN dacToTe Auckpernzanuu. Koaupopmuk SBR paboraer mapamienbHo ¢ JekKamuMm
B OCHOBE OCHOBHBIM KOJIEKOM, XOTsI M Ha 00JIee BRICOKOW 4acToTe auckperusanuu. XoTs SBR rmaBHeIM 00pazom
SBIISICTCA TOCTOOPAabOTKON B JIEeKONepe, Ba)KHBIC IMapaMeTphl W3BIEKAIOTCS B KOIMPOBIIHKE, UISI TOTO YTOOBI
obecrieunBaTh HanOOJIEEe TOYHYIO PEKOHCTPYKIIMIO BRICOKHX YacTOT B jeKojaepe. KomupoBImuKk OlleHHBAET OTH-
Oarornyro criekTpa nuamnasona SBR, 94To kacaeTcs 4aCTOTHO-BPEMEHHOTO HANIa30HA/pa3pelleHIsl TI0 BPEMEHU U
4acToTe, MOAXOSIIUX IS XapaKTePUCTHK TEKYIIUX CETMEHTOB BXOTHOTO curHaia. Orubaromas CIeKTpa ole-
HHMBAETCs ITOCPEICTBOM PA3JIOKEHHs CUTHAJIA C IIOMOIIbI0 KoMIutekcHbIX K3® u nocnenyromiero pacuera sHep-
run. Pasperienust mo BpeMeH! M YaCcTOTe OTHOAIOIIUX CIIEKTPa MOTYT BEIOMPATHCS C BRICOKOW CTETIICHBIO CBOOO-
JIBI, JUTS TOTO 4TOOBI OOCCIIEUMBATh HAWIYYINEEe Pa3pelICHHE MO BPEMEHU M YacTOTE JUIS JAHHOTO CETMEHTA
BXOAHOTO curHana. OueHka orudaronel JOmKHA YYUTHIBATh, YTO MEPEXOIHBIA MPOIECC B OPUTHHATE, TIABHBIM
00pa3oM pacrooKeHHBIH B 007aCTH BBICOKUX YacTOT (HapHUMep, BEICOKHNA BBIOPOC), OYJET MPHUCYTCTBOBATH B
HE3HAYUTENLHOW CTeleHn B copMupoBaHHOW SBR monoce BBICOKMX YACTOT mepea KOPPEKIUeH orudaroIie,
MOCKOJIBKY TI0JI0Ca BBICOKHX YacTOT B JIEKOJiepe OCHOBAaHA Ha MOJIOCE HU3KHMX YacTOT, TJe MePEXOTHBIN IpoIecc
BBIpAXEH B TOPA3I0 MEHBIIECH CTETIEHH M0 CPaBHEHHIO C ITOJIOCOI BBICOKMX YacCTOT. DTOT acleKT HaKJIaJbIBAcT
WHBIE TPeOOBaHMS Ha pa3pelIeHue M0 BPEMEHH U YaCTOTE JaHHBIX OTHOAIOIIeH CIIEKTpa 0 CPaBHEHHIO C TPaIH-
IIMOHHOH OIEHKOW OrHOaromel CreKTpa, Kak NCIoIb3yeMast B IPYTUX aTOPUTMaX 3BYKOBOTO KOJTUPOBAHNS.

Kpome orubarorieid criekTpa, U3BJICKAIOTCS HECKOJIBKO JOMOTHUTEIBHBIX MapaMETPOB, MPEICTABISIOMINX
co0O¥ CHEKTpallbHBIC XapaKTePUCTUKU BXOJHOTO CHUTHANA JUI1 Pa3sHBIX YaCTOTHO-BpeMEHHBIX oOmacteil. [lo-
CKOJIbKY KOJMPOBIIUK €CTECTBCHHO HMEET JTOCTYI K UCXOJHOMY CHTHANY, a TAKXKe K HH)OPMAIIH O TOM, KAKUM
obpazom Gsiox SBR B nekonepe OyzneT co3maBaTh MOJIOCY BEICOKHX YacTOT, PH YCIIOBHHU OIPEEJICHHOTO Habo-
pa mapaMeTpoB YIpPaBICHHS, MOXKHO, YTOOBI CHCTEMa CIIPABIUIACH C CUTYAIMSIMH, TIC IMOJIOCA HU3KUX YacTOT
COCTaBIISICT MOIIIHBIM TAPMOHUYECKHHN P, a MOJI0ca BEICOKMX YaCTOT, KOTOpas JOJDKHA OBITH BOCCO3/1aHa, TJIaB-
HBIM 00pa30M COCTABIISIET CIIydaifHBIE COCTABIIAIONINE CHUTHANA, a TAK)KEe CUTYaIlWH, I/Ie MOIIHBIC TOHAJIHHBIE
COCTaBIISIONIIE MPUCYTCTBYIOT B MCXOIHOMW TIOJIOCE BRICOKHX YAacTOT 0€3 aHaJoroB B TOJIOCE HU3KUX YacTOT, HA
KOTOpO¥ OCHOBaHa 00JIaCTh MOJIOCHI BBICOKUX YacTOT. bosee Toro, kogupoBumk SBR paboraer B TeCHOM 3aBHU-
CHUMOCTH OT JIS)KAIIeTO B OCHOBE OCHOBHOTO KOJIEKa, YTOOBI OIIEHMBATh, KAKOM YaCTOTHBIN AMAINa3oH OJDKEH
ObITh OxBaueH SBR B manubiii MoMmeHT BpeMeHu. Jlanaple SBR pannonansHO KOAMPYIOTCS Tiepen mepenadei
MOCPENICTBOM HCIOJNB30BaHUS DHTPOMUITHOTO KOMUPOBAHHS, a TAKXKE 3aBUCHMOCTCH KAHAIOB YIIPABIITIOLIIX
JTAHHBIX, B CIy4ae cTepeo()OHNICCKUX CUTHAIIOB.

ANTOpUTMEI W3BJICYCHUS MApaMETPOB YIPABICHHUS THIHYHO HEOOXOMUMO TINATEIHHO HACTPAMBATH MO
JIGKAIIUNA B OCHOBE KOJCK HA 3aJJaHHOIM CKOPOCTH Iepeqadyd OWTOB WM 33JaHHOM YacTOTE MUCKPETH3AIMH. DTO
MPOUCXOUT BCJICJCTBHE TOI'O 0OCTOSATENBCTBA, YTO OOJIee HU3Kasi CKOPOCTh Iepeadd OMTOB OOBIYHO IOJIaract-
cs Ha OompImii Auana3oH SBR mo cpaBHEHUIO ¢ BBICOKOW CKOPOCTHIO Mepeadyu OUTOB, W Pa3HbIC YaCTOTHI JHC-
KpEeTHU3alii COOTBETCTBYIOT Pa3HBIM pa3pelIeHHsIM 110 BpeMeHH Kagpos SBR.

Jlexogep SBR TummuHO BKITIOYAET B ce0s1 HECKOJIBKO pa3HbIX yacTe. OH COMEPKUT MOAYIh JEKOIUPOBa-
HUSL OUTOBOTO MOTOKA, MOIYJh BOCCTaHOBIEHHS BhICOKHX dacToT (HFR), Moxyiie JONMOTHUTENEHBIX BBICOKOYAC-
TOTHBIX COCTAaBJIIONIMX U MOJIYJIb KOppeKTopa orubdaromei. CrucreMa OCHOBaHa Ha TpeOeHKe (DHIBTPOB U3 KOM-
rurekcHo3HaYHBIX K3®. B Moxyne n3BnedeHuss OMTOBOIO TOTOKA, YIPABIIIOIINE JaHHBIC CUUTHIBAIOTCS W3 OH-
TOBOTO MMOTOKA U JICKOUPYIOTCS. BpeMsi/gacToTHas ceTKa MOIydaeTcsl A TEKYIIETro Kaapa repe]] CYMThIBAHU-
€M JIaHHBIX Oorubaromiedl U3 OUTOBOro MOTOKA. JleXkamuii B OCHOBE OCHOBHOW JIEKOAEP NEKOIUPYET 3BYKOBOM
CHTHAJ TEKYIIEro Kazapa (XoTs u ¢ 0oJjiee HU3KOW 4aCTOTOM JUCKPETU3aLNH), I CO3/IaHHs OTCUETOB 3BYKOBOTO
CUTHAJIa BO BPEMCHHOM 00sacTh. Pe3ymbTHPYIOMUiA Kaip 3BYKOBBIX JaHHBIX HCIIONB3YETCS IS PEKOHCTPYKIIUU
BBICOKMX 4acTOT MoxyieM HFR. JlekomupoBaHHBIM CUTHAI B IOJIOCE HU3KUX YaCTOT 3aTEM IMOJBEPracTcs pas-
JIOXKCHUIO CHUTHAJA C MCIOJb30BaHUEM TpeOeHKH GmibTpoB u3 K3®. PekoHCTpyKIMs BBHICOKMX YacTOT M KOP-
PEKIINST OTHOAIOIIEH BIIOCIEICTBUHY BITIOTHIIOTCS HAl OTCUETAMU TIOUIMAITa30HOB TpeOeHKH GHIbTpoB n3 K3D.
Bricokue 9acTOThl peKOHCTPYHUPYIOTCS M3 MOJOCH HU3KMX YacTOT THOKMM 0Opa3oM Ha OCHOBAaHHMH 3aJaHHBIX
nmapaMeTpoB yIpaBlieHHUA. bojee Toro, peKOHCTpyHpOBaHHAS MOJ0Ca BEICOKMX YaCTOT aJalTUBHO (IIBTPYETCS
Ha OCHOBE KaHAJOB ITOJAMANla30HA COTJIACHO YIPABIIIIONUM JaHHBIM, YTOOBl 00ECTICUUTh HAJUICXKAIINE CIICK-
TpaJbHbIC XapaKTePUCTHKH JaHHOW YaCTOTHO/BPEMEHHOM 001acTH.

Bepxaum ypoBHeM OutoBoro motoka AAC MPEG-4 sBiseTcsl MOCienoBaTeIbHOCTh OJOKOB NaHHBIX
(anemenToB "raw data block"), kakablif M3 KOTOPBIX SIBISETCS CETMEHTOM JaHHBIX (B MaTepHaiax HAaCTOSILIETO
n300peTeHus yrioMUHaeMbIM Kak "block"), KOTopeIii comepkuT B cede 3BYKOBBIE JaHHBIE (TUIIMYHO IS TEpUOa
BpeMeHd B 1024 mnu 960 oTcyeToB) M CBsI3aHHYIO0 HH(OPMANNIO W/HWIIH Ipyrye JaHHble. B Marepnanax HacTos-
mIero M300peTeHUs, MBI HCIONB3yeM TepMUH "Omok" s o0o3HaueHHs cerMeHTa OuToBOro moroka AAC
MPEG-4, comeprkariero 3ByKOBbIC JaHHbBIC (M COOTBETCTBYIOIIUX METAJaHHBIX U, TI0 BBIOOPY, TAKXKE IPYTUX
CBSI3aHHBIX JTAaHHBIX), KOTOPBIC OMPEICISAIOT WIN SBISFOTCS YKa3bIBAIOIIUMU OJUH (HO HE OoJiee YeM OJIUH) dJIe-
MmeHT "raw_data_block".

Kaxnpiii 610k 6utoBoro nmotoka AAC MPEG-4 MoxkeT BKITIOYaTh B ce0s1 HEKOTOPOE KOJTMIECTBO CHHTAK-
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CUYCCKUX DIIEMCHTOB (KaXKABIH M3 KOTOPBIX TaKXKe MaTCPUATHU30BaH B OMTOBOM IOTOKE B BHJE CETMCHTA JaH-
HBIX). CeMb THIIOB TaKUX CHHTAKCHYECKHX 3JIEMEHTOB ompezencHo B ctangapte AAC MPEG-4. Kaxnprit cus-
TAKCUYECKUH AIIEMEHT WACHTU(DHUIMPYETCS pa3HbIM 3HaueHneM 1eMenTa "id_syn ele" manabix. [IpumMeps! cun-
TAKCHYECKUX DJJIEMEHTOB BKIOYaloT B cebs "single channel element()", "channel pair element()" wu
"fill_element()". D1eMeHT OANHOYHOTO KaHAaJIA SBISETCS KOHTEHHEPOM, BKIIFOUAIOIINM B ceOsl 3BYKOBEIC TaHHEIC
OJIMHOYHOTO 3BYKOBOTO KaHaya (MOHO(GOHHYECKOTO 3BYKOBOTO CHTHAIA). DJIEMEHT Maphl KaHAIOB BKIIIOYAET B
ce0s1 3ByKOBBIC JaHHBIE JIBYX 3BYKOBBIX KaHAJIOB (TO €CTh CTepeo()OHNIECKUI 3ByKOBOM CUTHAIT).

DNeMEeHT 3aIoJIHEHUS SBIISETCS KOHTeHHEpOM WH(OpMAaIWK, BKIIOYAIONIeH B ce0s naeHTudukatop (Ha-
npuUMep, 3HaUYCHHE OTMEYCHHOrO BhIIe AneMenTa "id syn ele"), conmpoBokaaeMblii TaHHBIMU, KOTOPEIC YIIOMH-
HAIOTCS KakK "JaHHBIC 3amlONHEHUS". DICMCHTHI 3alOJIHEHUS HMCTOPHYCCKH HCIOJB30BANIUCH JUIS KOPPEKIUU
MTHOBCHHOHM CKOPOCTH IepeJadyd OMTOB OWUTOBBIX MOTOKOB, KOTOPBIC JOJKHBEI TIEpENaBaThCs MO KaHAIY C IMO-
CTOSIHHOM CKOPOCTBIO mepenaud. JloOaBlieHHMEM HAIJICkKAIEro KOJIHYSCTBA JAaHHBIX 3allONHCHHUS B KaXKIbINA
OJIOK, MOXKET JJOCTUTaThCS TOCTOSIHHAS CKOPOCTh Mepeay TaHHbIX.

B cooTBeTcTBUUM ¢ BapuaHTaMHU OCYIICCTBICHHS Y M300PETCHUS JaHHBIC 3allOJIHCHHUS MOTYT BKIIIOYATH B
cebs omHy WM OoJiee TOJIE3HBIX HArPy30K PacIIMpeHHs], KOTOPhIE PacUINPSIOT TUI JaHHBIX (HalpuMep, MeTa-
JIaHHBIC), TOMYCKAIOIINX TIepeady B ONTOBOM MOTOKe. Jlekoaep, KOTOPhIH MpUHUMAET OUTOBBIC TOTOKH OYIyT C
JAHHBIMH 3aII0THEHUS, COAEP)KAIlNMHU B ce0e HOBBIM THII JAHHBIX, IT0 BEIOOPY MOKET MCTIONB30BaThCS YCTPOii-
CTBOM, NMPUHUMAOIIMM OWTOBBIM MOTOK (HAIpUMeEp, MEKOAECPOM) IS paciiupeHus (yHKIIMOHAIBHBIX BO3MOXK-
HOCTel ycTpoiicTBa. TakuM 006pa3oM, Kak MOKET OBITh IPUHATO BO BHUMAHHE CIIEIIHAIIMCTOM B JaHHOU 00JIacTH
TEXHUKH, JIIEMEHTHI 3allOJTHEHHUS SIBIIAIOTCS CHEIMAIbHBIM THIIOM CTPYKTYPHI JAaHHBIX U OTJIMYAIOTCS OT CTPYK-
TYp AaHHBIX, TUITMYHO UCTIONB3YEMBIX JUIS IEPeadd 3BYKOBBIX JAHHBIX (HAIIPUMED, OJE3HBIX HATPY30K 3BYKO-
BOT'O CHUTHAJIA, COACPIKAIINX B CeOs KaHAIBHBIC TaHHBIC).

B HEKOTOpBIX BapHaHTaX OCYIICCTBIICHHS M300pPCTCHUS MICHTU(PHUKATOP, UCIOIB3YSMBIH s HACHTH(UKA-
IIM DJIEMEHTA 3aIlOJHEHHUS, MOXKET COCTOSATh M3 TPEXOMTHOTO OE33HAKOBOT'O IIENIOTO YHCIa, NepeIaBaeMoro crap-
mmM 6utoM Brepen ("uimsbf"), mverorero 3Hauenne 0x6. B omHOM GJI0KE MOTYT TOSIBIISITHCS HECKOJBKO 3K3EMII-
JSIPOB OJTHOTO M TOTO K€ THIA CHHTAKCHYECKOTO 3JIeMEHTa (HallpUMep, HECKOJIBKO AJIEMEHTOB 3aII0JTHEHUS).

Emre ogHUM cTaHIapTOM ISl KOAUPOBAHHS 3BYKOBBIX OUTOBBIX ITOTOKOB SIBJISICTCS CTAHIAPT YHH(DUIUPO-
BaHHOTO KoJaupoBaHus peun U 3ByKoBbIX curHaioB (USAC) MPEG (ISO/IEC 23003-3:2012). Crangapt USAC
MPEG omnucsIBaeT KOJUPOBAHHUE U EKOIUPOBAHNUE 3BYKOBOTO KOHTEHTA C MCIIOJIB30BAHNEM 00PaOOTKH PETrIi-
KaIlM{ TI0JIOC criekTpa (B ToM uuciie, oopabotkn SBR, xak ommcannas B cranmapre AAC MPEG-4, u, x Tomy
ke, BKITIOYAIONIYIO B ce0s1 IpyTrHe YCOBEPIICHCTBOBAHHBIE (POPMBI 00paOOTKH PETUIMKAIIIH TI0JI0C CIIEKTpa). JTa
00paboTKa MPUMEHSET CPEACTBA PEIUTUKAIINY TI0JIOC CTIeKTpa (MHOTJa B MaTepuajaxX HACTOSIIETO N300peTeHUs
yIOMHHaeMbIe Kak "cpencTBa ycoBepiieHcTBoBaHHOW SBR" mmm "cpenctBa eSBR") pacmupeHHoro u ycosep-
IIEHCTBOBAaHHOTO BapuaHTa Habopa cpeactB SBR, ommcannbix B cranmapre AAC MPEG-4. Takum oGpa3zom,
eSBR (xak onpenenennas B crangapre USAC) siBisieTcs ycoBepiieHcTBoBaHHeM B oTHomieHun SBR (kak ompe-
nenenHas B cranaapte AAC MPEG-4).

B Matepuanax HacTOSIIEro H300PETCHUS MBI UCIIONIB3YEM BBIpaXKeHHE "00paboTKa YCOBEPIICHCTBOBAHHOM
SBR" (umm "o6paboTtka eSBR") mis o603HaueHHs 00pabOTKN PEIUIMKALMK MOJIOC CHEKTPa C MCIOIb30BaHUEM
10 MEHbIeH Mepe oaHoro cpeactBa eSBR (Hampumep, mo mMeHbmedt Mepe omgHoro cpeactBa eSBR, kotopoe
onricano wim yrnomsiHyTo B cranaapte USAC MPEG), koTopoe He OnrcaHo U He YIOMSHYTO B cTanmapte AAC
MPEG-4. [Tpumepamu Takux cpenactB eSBR SBISIFOTCS rapMOHMYECKast TPAHCIIOZUINS U JOTIOJTHATENbHAS TTPE/-
BapuTelbHass 00paboTka BKIeHky ¢ moMolibio K3® nnm "nipensaputensHoe BRIpaBHUBaHHE" .

TlapMoHMUecknii TpaHCTIO3Ep IETOYNCICHHOTO Topsiaka T 0ToOpaXkaeT CHHYCOUAY C YaCTOTOH CO B CHHY-
couny ¢ 9actotoir Tco, TeM BpeMEHEM COXPaHSs JIUTEIBHOCTh CUTHana. Tpu mopsinka, T=2, 3, 4, TUHMTUIHO HC-
MOJB3YIOTCS TTOCIICAOBATEIBHO JUTS CO3aHMs KaXKIOW YACTH JKEIATEIBHOTO BBIXOJHOTO YAaCTOTHOTO JHMANa3oHa
C WCIIOJIb30BAaHMEM HAWUMCHBIICTO BO3MOXKHOTO IMOPSAKA TPaHCHO3WIMH. Eciaum TpeOyeTcss BBIXOJHON CHTHAI
BBIIIIC JTHAMa30HA TPAHCIO3HMIMU YCTBEPTOTO TOPSIKA, OH MOXKET (POPMHUPOBATHCS MOCPEICTBOM CIBHUTOB 10
yactote. Korga BO3MOXXHO, MTOYTH KPUTHYECKU JTUCKPETU3UPOBAHHBIC BPEMCHHBIC O0JIACTH OCHOBHOW TMOJIOCHI
CO3/1at0TCs I 00pabOTKH, YTOOBI MUHUMHU3UPOBATH BEIYUCIUTEIHHYIO CII0KHOCTb.

BbutoBslit moTok, copmupoBaHHbli B cooTBeTcTBUM co craHmaproM USAC MPEG (B marepuanax Ha-
CTOSIIIETO N300peTEHUI HHOTAA YITOMHUHAEeMbIH Kak "OuToBbIi moTok USAC"), BKIItoYaeT B ce0sl KOJAUPOBAHHBIH
3BYKOBOW KOHTEHT U THIIMYHO BKJIFOYAET B ceOs1 METaaHHbIE, YKa3bIBAIONINE KKIBIH THII 00pabOTKH peTuTiKa-
IIUH TIOJIOC CIIEKTPa, KOTOpask JOJDKHA MPUMEHSATHCS IEKOIEPOM ISl IEKOTUPOBAHNS 3BYKOBOTO KOHTEHTa OUTO-
Boro noroka USAC, w/mim MeTagaHHbIe, KOTOPBIC YIPABIAIOT TAKOW 00paObOTKOM pETUIMKAITH TOJIOC CIIEKTpa
WIIM yKa3BIBAIOT TI0 MEHBIIEH Mepe OTHY XapaKTepPHCTUKY WM MapaMeTp IO MEHBIIEH Mepe OIHOrO CpercTBa
SBR u/nnu cpencrBa eSBR, KoTOpOe NOMKHO MPUMEHSTHCS IS IEKOMPOBAHUS 3BYKOBOT'O KOHTEHTa OMTOBOTO
notoka USAC.

B marepuanax HacCTOSAIIETO M300PETCHUS MCIOJB3YEM BBIpaKCHHE "METaJaHHBIC YCOBEPIICHCTBOBAHHOM
SBR" (mmn "meraganusie eSBR") s 0003HaueHNs MeTaJaHHBIX, YKa3bIBAIOIIMX KaXIbIH THI 00paboTKu pern-
JIMKAIMU TI0JIOC CIIEKTPa, KOTopas JOJDKHA MPUMEHATHCS JCKOICPOM JUIs TEKOAUPOBAHUS 3BYKOBOI'O KOHTCHTA
KOJIMPOBAaHHOT'O 3BYKOBOT'O OMTOBOTO MOTOKA (HarmpuMep, outoBoro noroka USAC), u/ninn KOTOpBIE YIPaBIsIOT
Takoi 00pabOTKOH PEIUIMKANH T0JIOC CIEKTPa W/MIIHM YKa3bIBaeT 10 MEHBIIEH Mepe OHY XapaKTEPUCTUKY HIH
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mapameTp Mo MEHbIIed Mepe omgHoro cpeactBa SBR w/wmm cpenctBa eSBR, mojuiexaniero mpuMEeHESHHUIO IS
JICKOJTUPOBAHUS TaKOTO 3BYKOBOTO KOHTCHTA, HO KOTOPHIC HE OMUCAHBI U HE YMOMSIHYTHI B cTaHmapte AAC
MPEG-4. Tlpumepom MetamanHbix eSBR sBisroTcst MeTagannabple (yKa3bIBAIONIUE WU TPEAHA3HAUYCHHBIC IS
yHIpaBlieHUs] 00pa00TKON PETUIMKAIIMH TI0JI0C CIIEKTPa), KOTOPBIE OMUCAHBI MITH YIIOMSHYTH B cTanmapte USAC
MPEG, no =e B crangapte AAC MPEG-4. Takum o0pa3oM, MeTaganabie eSBR B MaTepuanax HacTOAIIETO U30-
OpereHust 0003HAYAIOT METAaHHBIE, KOTOPhIE He sBIAIOTCS MeTanaHHbIMA SBR, a Meramannpie SBR B mare-
pHayax HaCTOSAIIETO N300pEeTeHUsI 0003HAYAIOT METAJaHHBIE, KOTOPHIE HE ABIAIOTCS MeTanaHHBIMI eSBR.

Burossiii motok USAC MoskeT BKiIro4aTh B ce0st kak MeTaganusie SBR, Tak 1 metamannsie eSBR. Tounee,
outoBblii motok USAC MoxeT BKiIIOHaTh B ceds1 MeTananHble eSBR, koTopeie yrpaBisioT BeIIIOJIHEHHEM 00pa-
6oTku eSBR nexonepom, u Meraganueie SBR, koTopsle ynpapisior BeioaHeHneM o0padbotku SBR nexonepom.
B cooTBeTCTBUM C TUIMHYHBIMHU BapHaHTAMHU OCYIICCTBICHUS HACTOSAIICTO H300peTeHUs, MeTananHbie Esbr (Ha-
npumep, cnenupuuasie eSBR KoHQUrypallMOHHBIE NaHHBIC), B COOTBETCTBHU C HACTOSIIUM H300pETCHHEM,
BKITIIOYCHHBIC B OUTOBBIA MOTOK AAC MPEG-4 (mampumep, B KoHTeliHepe sbr_extension() B KOHIIE MOJC3HON
Harpy3ku SBR).

Brimomaenue 00padotkn eSBR Bo Bpems ekoaupoBaHUS KOJUPOBAHHOTO OMTOBOTO TOTOKA C HUCIOJIB30-
BaHHeM cpenctBa eSBR (comepxkariero mo MeHsInei Mmepe ogHo cpenctBo eSBR), ycTaHOBIEHHOTO IEKOIEPOM,
BOCCTaHABIIMBACT IIOJIOCY BBICOKMX YAaCTOT 3BYKOBOI'O CHTHAaJa Ha OCHOBAHWHU PEIUIMKAIIMU MOCIEJOBATEIBHO-
CTel TapMOHUK, KOTOpPbIE OBLIIM YCEUEHBI BO BpeMs koampoBaHus. Takas o6padorka eSBR TummuHO KOppeKTH-
pyeT orudaromIyio crekTpa cOpMUPOBAHHOM MOJIOCH BHICOKHX YacTOT U MPHUMEHsSeT 00paTHyI0 (QHIBTPAIHUIO,
J00ABIISIET IIIYMOBBIE M CHHYCOMAAIbHBIC COCTABISIONINE IS TOTO, YTOOBI BOCCO3/IaTh CIEKTPAIbHBIE XapaKTe-
PHUCTHKH UCXOJIHOT'O 3BYKOBOTO CHTHAJIA.

B cooTBeTCTBHU ¢ TUITMYHBIMU BapUaHTAMHU OCYILIECTBICHIS H300peTeHUs, MeTaJaHHbie eSBR BKITTOUCHBI
(HampuMep, HEOOBIIOE KOTMYESCTBO YIPABISIOIIUX OUTOB, KOTOPHIC SIBISIOTCS MeTamaHHbIME eSBR, Bkiroue-
HO) B OJIMH WM 0OJiee CETMCHTOB METAJJaHHBIX KOAMPOBAHHOI'O 3BYKOBOTO OUTOBOTO MOTOKA (HAIpUMEp, OUTO-
Boro noroka AAC MPEG-4), koTopblil Takxke BKIIOYaeT B ce0sl KOJMPOBAaHHBIC 3BYKOBBIE NaHHBIE B APYTHX
CerMeHTax (CerMeHTaX 3BYKOBBIX JAaHHBIX). THIHMYHO IO MEHBIICH Mepe OAWH TaKOil CerMEHT MeTaJaHHBIX Ka-
JKIO0T0 0JIoKa OMTOBOTO IMOTOKA MPEACTABISET COOOH (MM BKITIOYAET B CeOsI) DIEMEHT 3aIOJTHEHUS (BKIFOYAL0-
A B ce0st MISHTU(HUKATOP, YKA3BIBAIONINHN HAYAJIO dJIeMEHTA 3all0JHEHMS ), 1 MeTafnaHHble eSBR BKIitoueHs! B
3JIEMEHT 3aIlOJIHCHHUS Toclie uaeHTugukaropa. dur. 1 - cTpyKTypHas cxeMa MpUMEpPHOU Ienu 00pabOTKH 3BY-
KOBOTO CHTHaJIa (CHCTeMbl 00pa0OTKH 3BYKOBBIX JIAHHBIX), B KOTOPOW OJNUH WK O0Jiee U3 dJIEMEHTOB CUCTEMBI
MOJKET OBITH BBHITIONIHEH B COOTBETCTBHH C BapHaHTOM OCYIISCTBICHHS HACTOAIIEro m3o0pereHms. Cucrema
BKITIOYACT B CeOs CIEIYIONINE 3JIEMEHTHI, COSIUHCHHEIC IPYT C JPYTrOM, KaK IMOKa3aHO: KOJUPOBIIUK |, mOICHC-
TeMy 2 TOCTaBKH, IeKoaep 3 U 010K 4 mocToOpaboTKH. B pasHOBHIHOCTSAX MMOKa3aHHOM CHCTEMBI, HE BKIIFOUCHBI
B COCTaB OJIMH WM OOJiee 3JEMEHTOB, WU BKIIIOYCHBI B COCTAaB JIOMOIHUTEIBHEIC OJIOKH 00pabOTKH 3BYKOBBIX
JTAaHHBIX.

B HekoTOphIX peanu3anusx KOAUPOBIIMK | (KOTOPHIH MO BEIOOpPY BKIIFOYACT B ceOs OJIOK MpeaBapUTEIIh-
HOW 00pabOTKH) BBIMOIHEH ¢ BO3MOXKHOCTBIO MPUHUMATh 0TcueThl PCM (BpeMeHHOM 0071acTh), coaepKalue
3BYKOBOW KOHTEHT, B KQUECTBE BXOJHOTO CHTHAJa M BBIAABATh KOJMPOBAHHBIA 3BYKOBOW OMTOBBIN ITOTOK (MMe-
ot popMmart, KOTopbeiii coBmecTrM co cTannapToM AAC MPEG-4), KOTOpbIi SBIISIeTCS YKa3bIBAIOIIUM 3BYKO-
BOM KOHTEHT. JlaHHBIE OMTOBOTO IOTOKA, KOTOPHIE YKAa3BIBAIOT 3BYKOBOH KOHTEHT, B MaTepHallaX HACTOSIIETO
M300peTeHUST MHOTNIA YITOMHHAIOTCS KaK "3BYKOBBIE NaHHBIC" WM "KOAMPOBAHHBIE 3BYKOBBIC maHHbIE". Ecnmu
KOJMPOBIIHK BBIIIOJHEH B COOTBETCTBHH C THIHYHBIM BapPHAaHTOM OCYIIECTBICHHUS HACTOSIIETO M300pETCHHS,
3BYKOBOW OUTOBBIN MMOTOK, BBIJABACMEIA M3 KOJUPOBIIHKA, BKIIOYAET B ceOst MeTaganubie eSBR (1, k Tomy xe,
TUIIMYHO JAPYTHE METaJaHHEIC), a TAK)KE 3BYKOBBIC TAaHHEIC.

OmuH win 6ojee KOAMPOBAHHBIX 3BYKOBBIX MOTOKOB, BBIJABACMBIX W3 KOAHWPOBIIHMKA 1, MOTYT MpEIbsB-
JSTBCS B MOJICUCTEMY 2 JOCTaBKH KOJUPOBAHHOTO 3BYKOBOTO curHaina. [logcucreMa 2 BBITIOJTHEHA C BO3MOXKHO-
CTBIO COXPAHSTH W/YJIN JOCTABIATH KaXKIbI KOAMPOBAHHBIA OUTOBBIN MTOTOK, BHIIABACMBIH M3 KOAUPOBIIHKA 1.
KomupoBaHHBII 3ByKOBOI OUTOBBII MOTOK, BRIBEJACHHBIN M3 KOTUPOBINUKA |, MOKET COXPAHATHCS ITOICUCTEMOM
2 (mampumep, B Buae DVD wnm qucka Bluray) wim mepemgaBaThest TOJCUCTEMON 2 (KOTOpas MOXET PeaTn30BbI-
BaTh KaHAJ WIH CETh Mepeaadn), MM MOXKET KaK COXPaHATHCS, TaK U IepelaBaThCs MOJCHCTEMON 2.

Jlexonep 3 BBIMIOJIHEH ¢ BO3MOXKHOCTBIO JEKOAMPOBATh KOJUPOBAHHBIA 3BYKOBOW OWTOBBIM moTok AAC
MPEG-4 (chopmupoBaHHBIH KOAMPOBIIUKOM 1), KOTOPBIH OH MPHHUMAET Yepe3 MmoacucTeMy 2. B HEKOTOpBIX
BapHaHTaX OCYIIECTBIICHU, IeKoAep 3 BBIITOJHEH C BO3MOXXHOCTHIO U3BJIEKaTh MeTaganHbsle eSBR u3 xaxmoro
0J10ka OMTOBOTO TIOTOKA M JICKOJUPOBATH OUTOBBIN IMOTOK (B TOM YHCJIE, IOCPEICTBOM BBITIOTHEHUS 00paboTKH
eSBR ¢ ucnonb3oBaHneM M3BICYEHHBIX MeTanaHHbIX eSBR) s hopmupoBaHns aeK0IMPOBAHHEIX 3BYKOBBIX
JAHHBIX (HapUMep, TOTOKOB JICKOIUPOBAHHBIX 3BYKOBBIX 0TcueToB PCM). B HEKOTOPBIX BapHaHTax OCYILIECT-
BJICHHUS JIEKOJICp 3 BBIMIOJHEH C BO3MOXKHOCTBIO M3BJICKAaTh MeTamaHHble SBR 13 OuTOBOrO MOTOKA (HO UTHOPH-
poBath MeTanaHHble ¢SBR, BKIIOYCHHBIC B OMTOBBIN MOTOK) M JCKOAMPOBATH OWTOBBIN MOTOK (B TOM YHCIIE,
MIOCPE/ICTBOM BEINONHEHUS 00padoTk SBR ¢ ncnonk3oBaHneM u3BiIeUEeHHBIX MeTanaHHbIX SBR) s ¢popmu-
pOBaHUs JEKOJUPOBAHHBIX 3BYKOBBIX JAHHBIX (HAIPUMEP, TOTOKOB JCKOJUPOBAHHBIX OTCYCTOB 3BYKOBOTO CHT-
Hama PCM. Tumnuaro, aekonep 3 BKIOYaeT B ceOs Oydep, KOTOphIM XpaHuT (Hampumep, HeddeMepHbIM o0pa-
30M) CErMEHTHI KOJTUPOBAHHOTO 3BYKOBOT'O OMTOBOTO IMTOTOKA, MPHUHATOTO M3 IOJCHCTEMBI 2.
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Brok 4 mocto6paboTky mo ¢ur. 1 BEITOIHEH ¢ BO3MOKHOCTBIO IPUHIUMATH MMOTOK JICKOIUPOBAHHBIX 3BY-
KOBBIX JIAaHHBIX U3 JIeKoJiepa 3 (HampuMep, OTCUETHl 3BYKOBOro curHaga PCM) u BBIMOJTHATH MOCTOOPaOOTKY
HaJ HUM. B0k 1ocToOpaboTKH TakKe MOXKET OBITH BBIITOTHEH C BO3MOXKHOCTBIO BOCIIPOM3BOIUTH ITOJBEPTHY-
TBI TTOCTOOpPaOOTKE 3BYKOBOW KOHTEHT (WJIM JEKOJIMPOBAHHBIM 3BYKOBOHW CHTHAI, NMPUHATHIN M3 Aekonaepa 3)
JUTSL IPOUTPBIBAHMS OJHUM WIIH O0JIee TPOMKOTOBOPHTEIICH.

®ur. 2 - ctpykrypHas cxema komuposmuka (100), KOTOPBIN SBISETCS BapHAHTOM OCYIISCTBICHHS 00Ja-
JIAIONIETO MPU3HAKAMK M300peTeHust O0J0ka 00pabOTKH 3BYKOBOTO cHTHaIa. JIF0Oble M3 KOMITOHEHTOB WJIH dJIe-
MeHTOB KonupoBmuka 100 MOryT OBITH peaTu30BaHbl B BHJIE OJHOTO WM 0OJiee MPOIEeCCOB W/WIA OJHON WIH
6ousiee cxem (HampuMmep, ASIC (crnennamu3MpoOBaHHBIX HHTETPAIBbHBIX cxeM), FPGA (mporpaMMupyeMBbIX IOJIb-
30BaTeNieM BEHTHJIBHBIX MATpPHII) WA JPYTUX HMHTETPATBHBIX CXEM) B alllapaTHBIX CPEICTBAaX, MPOTPaMMHOM
00eCTieYeHUN Wi KOMOMHAIIMY allapaTHRIX CPEJCTB U mporpaMMHoro obecreuenus. Konuposmuk 100 BKITHO-
yaeT B ce0s koxupoBumk 105, kackayn 107 3anoxautenst/popmarepa, kackan 106 hopMupoBaHUS METaaHHBIX U
OydepHyro mamats 109, coennHeHHBIC Kak TIOka3aHo. K ToMy ke, TunuvHo, koaupoBmuk 100 BriIrogaeT B ceOs
JpyTrHe 3JIeMeHThl 00paboTkH (He moka3ansl). Koauposiuk 100 BEIIONHEH ¢ BO3MOXXHOCTBIO ITPe0OPa30BHIBATH
BXOJTHOW 3BYKOBOW OMTOBBIN IMMOTOK B KOJUPOBAaHHKIH BHIX0HOM OMTOBEIN oTok AAC MPEG-4.

I'enepaTop 106 MeTagaHHBIX MPUCOSINHEH W BBHIMIOJIHEH C BO3MOXKHOCTHIO (POPMUPOBATH (M/MIIM TIPOITyC-
KaTh HackBO3b B kKackan 107) Meragannbie (B ToM yucie, Merananuple eSBR u metanannsie SBR), xoTopsie
JIOJDKHBI OBITh BKITFOUEHBI KackagoMm 107 B KOIUPOBAHHBIN OUTOBBIN MOTOK, TIOISKAIINA BEIBOY M3 KOJIUPOB-
mmka 100.

Kommposmmk 105 mpucoeanHeH U BHIIIOIHEH ¢ BO3MOXKHOCTHIO KOJUPOBATH (HAIIPHMeEp, BBIIOJHSS CKa-
THC HaJl HUIMH) BXO/HBIC 3BYKOBBIC TAHHBIC U MPEIBSBIATh PE3yIbTHPYIOUIUI KOIHUPOBAHHBIA 3BYKOBOW CHUTHAI
B kKackaj 107 i BKIFOYEHUS B KOAUPOBAaHHBIN OUTOBBIA MOTOK, KOTOPHIH TOJKEH BBIIABaThCA U3 Kackana 107.

Kackan 107 BbIIOJHEH C BO3MOXKHOCTBIO MYJIBTUIUIEKCUPOBATh KOAUPOBAHHBINA 3BYKOBOM CUTHAJN U3 KO-
nuposika 105 u metanansele (B ToMm yucie, Meraganusie eSBR u metanannsie SBR) u3 reneparopa 106 mis
(hopMuUpOBaHUS KOTUPOBAHHOTO OMTOBOTO IOTOKA, KOTOPBIN JTOJKEH BBIAABATHCS M3 Kackama 107, mpenmouTu-
TENBHO TaK, YTOOBI KOAMPOBAHHBIA OUTOBBIA MOTOK MMeN GopMart, Kak 3aJaHHBIA OJHUM M3 BapPHAHTOB OCYIIE-
CTBJICHUS HACTOSIIIETO H300pETCHHUS.

Bydbepnas mamsare 109 BBIMONIHEHA C BO3MOXKHOCTBIO XPaHUThH (Hampumep, HedapeMepHbIM 00pa3oM) IO
MEHBIIEH Mepe OIUH OJIOK KOJUPOBAHHOTO 3BYKOBOT'O OMTOBOTO TOTOKA, BRIBEACHHOTO M3 Kackaxa 107, u mo-
CJIeIOBATEILHOCTh OJIOKOB KOIMPOBAHHOTO 3BYKOBOTO OHMTOBOTO IOTOKA 3aTeM MpembsBIsAeTCS u3 OydepHOH
mamsATH 109 B kauecTBe BBIXOJHOTO CHTHANA U3 Koguposiuka 100 B cucTeMy TOCTaBKH.

@ur. 3 - cTpyKTypHas cxema CHCTEMBI, BKIfouaronei B ceds nexonep (200), KOTOPBIH SBIISIETCST BapHaH-
TOM OCYILECTBIICHHS 00J1aJafomero Npu3HakaMy H300peTeHus 6J10ka 00padOTKH 3BYKOBOTO CHTHaja H, IO BbI-
6opy, Taxxe noctapoueccop (300), mprcoeqMHEHHBIA K HeMy. JIF0ObIe M3 KOMIIOHCHTOB HJIM DJIEMCHTOB JICKO-
nepa 200 u noctaporeccopa 300 MOTYT OBITH PEeaH30BaHbI B BUIC OJHOTO WM 0OJIEe MPOLECCOB /MM OTHOM
wm 6osiee cxeM (Hampumep, ASIC (crienmann3npoBaHHBIX WHTErpalbHEIX cxeM), FPGA (mporpaMMupyembIx
MOJIH30BATEJIEM BCHTHIIBHBIX MATPHII) WIH APYTHX HHTETPAIBHBIX CXEM) B alllapaTHBIX CPEICTBAX, MPOTPaMM-
HOM 0OeCTeueHN Y WM KOMOMHAIINY aIllapaTHBIX CPEACTB M porpaMMHoro obecnieuenus. Jlexomep 200 conep-
*)utT Oydepnyto mamsate 201, nepopmarep 205 (CMHTaKCHUYECKHN aHAJIM3aTOP) TOJE3HON HArpy3Ku OHUTOBOTO
MoToKa, moacucteMy 202 neKoaupOBaHMs 3BYKOBOTO CHTHaJIa (MHOTJa YIIOMHUHAEMYIO KakK Kackaj "0CHOBHOTO"
JIEKOAMPOBAHUS WM TIOJICUCTeMa "OCHOBHOTO" nexoampoBanms), kackan 203 obpadotkn eSBR m kackam 204
(hopmupoBaHUsI YIPABISIONUX OUTOB, COSTUHEHHBIE Kak Moka3zaHo. K Tomy ke, TummaHo, aexonep 200 BKITIO-
yaeT B ce0s1 pyrue 3J1eMeHTbl 00paboTKH (HE ITOKa3aHBbl).

Bydepnas mamsare 201 (Oydep) xpanur (Hanpumep, HedeMepHBIM 00pa3oM) MO MEHbIIEH Mepe OIUH
0JI0K KOIMPOBaHHOTO 3ByKoBOTO OMTOBOrO Motoka AAC MPEG-4, npunstoro nexonepom 200. IIpu sxcrunyara-
n nexozaepa 200, mociaenoBaTenbHOCT 0J10K0B OUTOBOTO MOTOKA NpeabsBisiercs: u3 Oydepa 201 B nedopma-
Tep 205.

B paszHoBunHOCTH BapuaHTa ocymiecTBieHus Ha ¢ur. 3, APU, KoTopsIil He sIBiISeTCS eKoAepoM (Harpu-
Mep, APU 500 mo ¢wur. 6) Brirodaer B cebs OydepHyro mamsaTh (Hampumep, 0ydhepHyro maMsTh, HASHTHIHYIO
Ooydepy 201), koTopast XxpaHUT (HampuMmep, HedPeMepHbIM 00pa30M) TI0 MEHBIIIEH Mepe OUH OJIOK KOJIHUPOBAH-
HOTO 3BYKOBOTO OHMTOBOTO TMOTOKa (Hampumep, 3BykoBoro ourtooro nmoroka AAC MPEG-4) toro xe camoro
tuma, npuaaroro oydepom 201 mo ¢wur. 3 wim dur. 4 (To €cTb KOIUPOBAHHOTO 3BYKOBOTO OMTOBOTO IMOTOKA,
KOTOPBIH BKJIIOUAET B cebs MeTanannabie eSBR).

BHOBB co ccputkoii Ha ¢wur. 3, nedhopmarep 205 MPUCOSIVMHEH W BHITIOIHEH C BO3MOXHOCTBIO IEMYIIBTHII-
JICKCHPOBATh KAXIBIH OJIOK OUTOBOTO MOTOKA JUIS M3BJICUCHUS MeTaaaHHBIX SBR (B TOM umcne, naHHBIC KBaH-
TOBaHHOM orudatromiei) u MetaganHbIX eSBR (M THIIUYHO Takke IPYruX METaJTaHHBIX) U3 HETO, IPEABABIATE MO
MeHblIeil Mepe MeranaHHele eSBR u meramanneie SBR B kackan 203 oOpabotku eSBR m TummuHO Takke
NPEIbSBIATh APYTHE H3BJICUCHHBIC METalaHHBIC B mojacucremy 202 nexomupoBaHus (U, IO BEIOOPY, TAKXKE B
renepatop 204 ynpasnstomux 6urtos). Jledopmatep 205 TakKe NMPHCOECIMHEH M BBIMOIHEH C BO3MOXHOCTBIO
U3BJICKATh 3BYKOBBIC JAHHBIC M3 KaXKJOT0 OJIOKa OMTOBOTO MOTOKA W MPEIBSBIIATH U3BICUCHHBIC 3BYKOBBIC JTaH-
HbIe B TojacucTemMy 202 nexomupoBaHus (Kackas TeKOTUPOBaHMs).

Cuctema o ¢wur. 3 o BeIOOpY Takke BKIo4YaeT B ceds moctnporeccop 300. IToctmporeccop 300 BKITIO-
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yaeT B cebs Oydepuyro mamsate 301 (Oydep) u npyrue sneMeHTs 00padOTKH (He MOKa3aHbI), B TOM YHCIIE I10
MEHBIIIEH Mepe OIHMH 3JIeMEeHT 00paboTkH, mpucoenuHeHHbl kK Oydepy 301. Bydep 301 xpanur (Harmpumep,
HeaeMEPHBIM 00pa30M) 10 MEHBIIIEH Mepe OJWH OJIOK (WIIH Kajp) AEKOJUPOBAHHBIX 3BYKOBBIX JaHHBIX, TIPH-
HATBIX TocTiporieccopom 300 u3 nexomepa 200. DeMeHTs 00padboTKK mocTiporieccopa 300 mprcoeMHEHBI U
BBITTOJTHEHBI ¢ BOBMOXKHOCTBIO IPHHUMATh U aJallTUBHO 00padaThIBaTh MOCIEAOBATEIFHOCT OJIOKOB (MM Kaj-
POB) NIEKOJAMPOBAHHOTO 3BYKOBOTO CHTHAlA, BhIBeJeHHOTOo M3 Oydepa 301, ¢ WCrmosb30BaHWEM METaJaHHBIX,
BBIBEJICHHBIX U3 moacucTeMbl 202 nexonupoBanus (u/uimu nedopmarepa 205), u/unm ynpasisiioluX OUTOB, BBI-
BeJIeHHBIX U3 Kackana 204 nexoxepa 200.

IMoacucrema 202 nekoaupoBaHUsl 3BYKOBOTO curHajia Jiekogepa 200 BbIIIOJIHEHA C BO3MOXKHOCTBIO JI€KO-
JIUPOBATh 3BYKOBBIC JTAHHEIC, H3BJICYCHHBIC CHHTAKCHYCCKIM aHanu3atopoM 205 (Takoe JEKOIUPOBAHUE MOXKET
YIOMHHATHCS KaK Omeparust "OCHOBHOTO" JEKOAUPOBAHHS), UIS (HPOPMUPOBAHUS JCKOJAUPOBAHHBIX 3BYKOBBIX
JAHHBIX U MIPEABSBIATH JEKOANPOBAHHBIE 3BYKOBBIE JaHHBIE B Kackax 203 obpaborku eSBR. [lexoanpoBanue
BBITIOJTHSCTCS. B YaCTOTHOM OOJIACTH M THITUYHO BKIIIOYAET B ce0s1 00pallleHHOE KBAHTOBaHUE, COMPOBOXKIAEMOE
CreKTpabHOH 00paboTkoil. TunnuHo 3aBepmaronuii kKackaa oopaboTku B noacucreMe 202 mpuMeHsieT mpeoo-
pa3oBaHME W3 YACTOTHOI 00JacTH BO BPEMEHHYIO 00JaCTh K JEKOAWPOBAHHBIM 3BYKOBBIM JaHHBIM YaCTOTHOW
o0acTy, Tak 9TOOBI BRIXOAHBIMH JAaHHBIMH ITOJICHCTEMBI OBUIHM JEKOJMPOBAHHBIC 3BYKOBBIE JaHHBIE BPEMEHHON
obnactu. Kackanm 203 BBIMOHEH C BO3MOXKHOCTHIO TIpUMEHATH cpenctBa SBR u cpenctBa eSBR, ykazanHbie
MeTtagaHnHbIME SBR 1 meTananusivMu eSBR (M3BIeueHHBIME CHHTAaKCHIECKUM aHanm3aTopoM 205), K 1eKoaupo-
BaHHBIM 3BYKOBBIM JTaHHBIM (TO €CTh BBITIOJNHATH 00paboTky SBR m eSBR Han BHIXOTHBIMH JaHHBIMH TTOICHC-
TeMbl 202 IeKOJUpPOBaHUs C HCIONIb30BaHHeM MeTamaHnHbiX SBR m eSBR) mist popmupoBanust MOTHOCTHIO Je-
KOJIMPOBaHHBIX 3BYKOBBIX JaHHBIX, KOTOPbIE BBIBOISTCS (HampuMmep, B noctripoueccop 300) u3 nexoxepa 200.
Tummaao aexonep 200 BkIrowaeT B ceOs mamsTh (HOCTymHY0 u3 mojcuctemsl 202 u kackama 203), xotopas
XpaHUT JeopMaTUPOBAHHEIC 3BYKOBEIC TaHHBIC U METaJaHHbIC, BEIIAaHHBIC U3 Aedopmatepa 205, a kackan 203
BBIMOJTHEH C BO3MOYKHOCTBIO OCYIIECTBIIATEH JOCTYI K 3BYKOBBIM JAHHBIM U METaJaHHBIM (B TOM YHCIE, METa-
naaHbIM SBR 1 MetanannsiM eSBR) o mMepe HagoOHOCTH BO BpeMs o0pabotku SBR u eSBR. O6paborka SBR
1 oOpaboTka eSBR B kackame 203 MOKeT CUMTATHCS MOCTOOPAOOTKON Ha BHIXOE M3 TOACUCTEMBI 202 OCHOBHO-
ro aexoxupoBanus. [1o BeIOOpy mekoaep 200 Takke BKIIOYAET B ceOs TOJCUCTEMY 3aBEPIIAIONIETO MOBHIIIA0-
IeTO MUKIIHPOBAHUS (KOTOpasi MOXET MPUMEHATH Cpe/CTBa MapaMerpudeckoit crepeodponuu ("PS"), ompene-
nennsle B ctanmapre AAC MPEG-4, ¢ ucnonp3oBanueM MeTagaHHbIX PS, m3pnedeHHbx aedopmarepom 205,
W/WIM yTIPaBISAIONIUX OWTOB, chOpMUPOBaHHBIX B mojacucteMe 204), KoTopas MPUCOETWHEHA W BBIMOJHEHA C
BO3MOJKHOCTBIO BBITIONHATE ITOBBIIIAIONIEe MHUKIIMPOBAHUE HAJ BBIXOTHBIM CHTHaJOM Kackaga 203, 9ToOsvl
(hopMUpPOBATh TMOTHOCTBIO JCKOIUPOBAHHBIN MOJBEPTHYTHIN MOBBIIIAOIIEMY MHUKIIHPOBAHUIO 3BYKOBOW CHT-
HaJl, KOTOpBIH BeIBoAMTCS U3 Aekoxaepa 200. B xauectBe anpTepHaTHBHI nocTnpoueccop 300 BBEINOMHEH C BO3-
MOJKHOCTBIO BEITIOJIHATH MTOBBIMIAIONICE MUKIIUPOBAHKIE HAJl BRIXOJHBIM CHTHaJIOM Jaekoxaepa 200 (Hampumep, ¢
UCIIOJIb30BaHUEM METaJaHHBIX PS, m3pneueHHbIX aedopmatepoM 205, W/imm yrnpaBistonmx OUTOB, cHOPMHUPO-
BaHHBIX B ojcucteme 204).

B otBer Ha MeTananHble, u3BneueHHbIE nedopmarepom 205, reneparop 204 ynpapisIONX OMTOB MOXET
(hopMHUpOBATH YIPABIIONINE JaHHBIC, U YIPABIAIOMINE JaHHBIE MOTYT HCIIOJB30BAThCA B IMpeaenax JeKoaepa
200 (manpuMep, B TOJCUCTEME 3aBEPIIAIONIETO TOBBIMIAIONIETO MUKITUPOBAHNUS) W/HIIN MPEAbIBIATHCS B Kade-
CTBE BBIXOJHOTO curHaNa nekozaepa 200 (mampumep, B moctmporneccop 300 i UCTIONB30BaHUS TPHU ITOCTOOpA-
0oTke). B oTBET Ha MeTaJaHHbIE, N3BJICUCHHBIC M3 BXOJHOT'0 OUTOBOTO MOTOKA (U, IO BEIOOPY, TAKXKE B OTBET Ha
YIpaBISIONINE JaHHbIE), kKackaa 204 MoxeT GopMUpOBaTh (M MPEABIBIATH B moctiporneccop 300) ympasisito-
e OWTHI, YKa3bIBAIOIIKE, YTO JACKOIMPOBAHHBIC 3BYKOBBIC JAaHHEIC, BhIIaBacMble M3 Kackana 203 oOpaboTku
eSBR, MomKHBI OABEPraThCsl KOHKPETHOMY THITY TOCTOOPAOOTKH. B HEKOTOpPHIX BapHaHTaX OCYIIECTBICHUS
nexozxep 200 BBIMOJNHEH C BO3MOXKHOCTBIO NPEABSBIATH METaJaHHBIC, M3BJIeUeHHBIE aedopmarepoM 205 u3
BXOJIHOTO OMTOBOTO IOTOKA, B nocTrponeccop 300, a mocrnpoueccop 300 BEIMOIHEH C BO3MOXKHOCTBIO BBIIOJI-
HATH MOCTOOPaOOTKY HaJl AEKOAMPOBAHHBIMH 3BYKOBBIMH JaHHBIMU, BRIBEACHHBIMU U3 Aekozaepa 200, ¢ ucmob-
30BaHUEM METAaHHBIX.

®ur. 4 - ctpykTypHas cxema 6ioka (210) o6padboTtku 3BykoBoro curnaia ("APU"), KoTopblii ABISETCS eme
OJIHAM BapHaHTOM OCYIIECTBIICHHUS 00JIaaroNIero Mpu3HaKaMu n300peTeHust 0J0ka 0OpaboTKH 3BYKOBOTO CHT-
Hama. APU 210 sBnsieTcss yHacIeTOBaHHBIM JIEKOJEPOM, KOTOPHIH HE BBIMIOJTHEH ¢ BO3MOXHOCTBIO BBITIONHSTH
o6paboTtky eSBR. JIto0bie n3 koMIoHEHTOB Wik d5eMeHTOB APU 210 MoryT OBITh pealn30BaHbl B BHJIE OJHOTO
nm 6oJiee MPOIecCOB W/l OaHOHN win Oonee cxem (Hanpumep, ASIC (crienuanu3upoBaHHBIX HHTETPATBHBIX
cxem), FPGA (mporpamMmMupyeMBbIX MOJIb30BaTEIeM BEHTHJIBHBIX MATPHUIl) WIH APYTUX UHTETPATLHBIX CXEM) B
amnImapaTHbBIX CPEICTBAX, MPOTPAMMHOM OOCCIICYCHUHU WJIH KOMOWHAIIMU almapaTHBIX CPEICTB U MPOrPaMMHOTO
obecrieuennsi. APU 210 comepxur Oydepnyto mamsats 201, nedopmarep 215 (cMHTakCHUECKMH aHAIN3aTOP)
TMOJIE3HOW Harpy3ku OMTOBOTO HOTOKa, rmojcucteMy 202 IeKOAMpOBaHUS 3BYKOBOTO CHTHaja (MHOTAA YIIOMH-
HAaeMyI0 Kak KackajJ "OCHOBHOTO" JNEKOJHWPOBAHUS WJIM MOJCUCTeMa "OCHOBHOTO" JEKOTUPOBAHUS), U KacKaJ
213 ob6pabotku SBR, coenuHeHHbIe, kak mokazaHo. K tomy ke, Tummuno APU 210 BrirodaeT B ce0st Apyrue
a7eMeHTHI 00paboTky (He moka3ansl). APU 210, HanpuMmep, MOXKET MPEACTaBIAT COO0H KOIUPOBIIUK, IEKOEP
W TIEPEKOTUPOBIIUK 3BYKOBOTO CHT'HAJIA.

Onementsl 201 1 202 APU 210 uaeHTHYHBI OAMHAKOBO MPOHYMEPOBAHHBIM dJleMeHTaM aekoepa 200 (mo
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¢wur. 3), u BBIICIPUBEICHHOE HX ONHCaHue MOBTOPsThCS He Oyzxer. Ilpm skcrmyatanmun APU 210 nocnenosa-
TENIBHOCTBH OJIOKOB KOJMPOBAaHHOTO 3BYKOBOI'O OMTOBOTO moToka (6utoBoro notoka AAC MPEG-4), npunnmae-
moro APU 210, npenpssisiercs u3 6ydepa 201 B nedhopmarep 215.

Jledhopmarep 215 nprucoenrHeH U BBITIOIHEH ¢ BO3MOXHOCTBIO IEMYJIbTUIIIICKCUPOBATH KK OJIOK OH-
TOBOTO TIOTOKA, YTOOBI U3BJIEKaTh MeTajanHble SBR (B TOM 4uclie JaHHBIE KBAHTOBAHHOM OTHOAIONIEH) U TakkKe
TUIAYHO IpYyTHe MeTaJlaHHbIe W3 HEero, HO UTHOPUPOBATh MeTagaHHble eSBR, KoTopbie MOTYT OBITh BKIFOUEHBI
B OUTOBBIN MOTOK, B COOTBETCTBUH C JIFOOBIM BapHUAHTOM OCYIIECTBIICHUS HacToOsIIero n3ooperenus. Jedhopma-
Tep 215 BBINOTHEH C BO3MOXKHOCTBIO TOOABIIATH 10 MEHbIIEH Mepe MeTananabie SBR B kackan 213 o6paboTku
SBR. Jedopmarep 215 Takxke MPUCOCAMHEH W BEINOJHEH C BO3MOXKHOCTBIO M3BJICKATh 3BYKOBBIC JTaHHBIC W3
Ka)XJToro 0JI0Ka OMTOBOTO MOTOKA, ¥ MPEABABISTH H3BJICUCHHBIC 3BYKOBEIC JaHHBIC B noacuctemy 202 nekom-
poBaHus (KacKaJ ICKOAUPOBAHUS).

[Moacucrema 202 nekoaupoBaHus 3Byka aekoaepa 200 BBIOJIHEHA C BO3MOXKHOCTBIO JI€KOIUPOBAThH 3BY-
KOBBIC JaHHBIC, U3BJIICUCHHBIC NeopmarepoM 215 (Takoe NEKOTUPOBAHHE MOXKET YIOMHHATHCSA KaK OIepallvs
"OCHOBHOT0" JEKOIMPOBAHU), JIs (popMUpOBaHHS ICKOIUPOBAHHBIX 3BYKOBBIX JAHHBIX M MPEIBSBIATH ACKO-
MpOBaHHBIE 3BYKOBBIC JaHHBIE B Kackan 213 oO6pabotku SBR. JlekomupoBaHue BBITIONHSAETCS B YaCTOTHON 00-
nacTu. TUIMHYIHO, 3aBEpIIAIONTNI Kackax o0paboTku B moacucteMe 202 mpuMeHseT peoOpa3oBaHue U3 9acTOT-
HOM 00JIACTH BO BpEMEHHYIO 00JacTh K JIEKOAMPOBAHHBIM 3BYKOBBIM JIaHHBIM YaCTOTHOW OOJACTH Tak, YTOOBI
BBIXOJHBIMH JAHHBIMH IIOJICHCTEMBI OBUIM JIEKOAWPOBAaHHBIC 3BYKOBBIC NaHHBIE BpeMeHHOW obOmactu. Kackan
213 BBITIOJTHEH C BO3MOKHOCTBIO MPUMEHATH cpenctBa SBR (Ho He cpeactBa eSBR), ykazaHHble MeTagaHHBIMU
SBR (u3BneduennspiMu nedopmarepom 215), K 1eKOIUPOBAHHBIM 3BYKOBBIM JTAHHBIM (TO €CTh BBHITIOJIHATH 00pa-
601Ky SBR Hazx BEIXOAHBIME JaHHBIME NoACHCTEMBI 202 TEKOANPOBAHUS C UCTIOIb30BAaHHEM MeTanaHHbIX SBR)
Ut (pOopMUPOBaHUS TIOTHOCTBIO JIEKOAUPOBAHHBIX 3BYKOBBIX AHHBIX, KOTOPEIC BBIBOAATCS (HAaIpHMeEp, B MOCT-
nporeccop 300) uz APU 210. Turmuaro APU 210 Bkimovaet B ce0st HaMaTh (AOCTYIHYIO U3 moacucTeMsl 202 u
Kackaga 213), kotopas XpaHuT neopMaTHPOBAHHBIC 3BYKOBEIC MAHHBIC U METAJaHHBIC, BBIIAHHBIC U3 Jcdop-
MaTepa 215, a kackax 213 BBIOJIHEH ¢ BO3MOKHOCTBHIO OCYIIIECTBIISATH TOCTYII K 3BYKOBBIM JaHHBIM U MCTaJaH-
HBIM (B TOM umcie, metaganasiM SBR) o Mepe HamoO6HOCTH BO BpeMs oOpadoTkn SBR. O6pabdorka SBR B kac-
Kaze 213 MOXKeT cUUTaThCs MOCHenyromeld o0paboTKOM Ha BBIXOJE M3 MOACKCTEMBI 202 OCHOBHOTO JEKOIHUPO-
BaHus. [1o BeIOopy APU 210 Taxke BKITIOYaeT B ce0s MOACUCTEMY 3aBEPIIAIOINIETO TOBBIIIAIOIIETO0 MUKITHPO-
BaHUs (KOTOpas MOXET NMPUMEHSATh CpPeAcTBa MapaMmerpudeckoit crepeodonnu ("PS"), onpenencHHble B CTaH-
napre AAC MPEG-4, ¢ ucrosib30BaHneM MeTafaHHBIX PS, m3BiedeHHbIX aedopmarepom 215), kotopas mpu-
COEIIIHEHA W BBHITIOJHEHA C BO3MOXKHOCTBIO BBIMTOJIHATH MOBHIIIAIONICE MUKITHPOBAHNE HAJl BBIXOIHBIM CHTHA-
JoM Kackana 213, 9To0bsl pOpMHPOBATH MOTHOCTHIO JCKOIMPOBAHHBIN ITOJBEPTHYTHIN MOBBIIIAOIIEMY MHKIIHU-
POBaHUIO 3BYKOBOI cUrHai, koTopslil BeiBogutca u3 APU 210. B xaduecTBe anbTepHATHBBI MOCTIPOLECCOP BBI-
MOJTHEH C BO3MOKHOCTBIO BBITIONHSTE TOBBIIIAIOIICE MUKITUPOBaHUE HaJ BEIXOMHBIM curHaioMm APU 210 (wa-
IpUMEp, C UCIOIB30BAHUEM METadaHHBIX PS, m3BneueHHBIX nedopmarepoM 215, w/mnm yrnpapisiommx OUTOB,
cpopmuposannbsix B APU 210).

Paznuunsle peanuzanuu koguposirka 100, nekoaepa 200 u APU 210 BBIOJHEHBI C BOZMOXHOCTBIO BBI-
TIOJHSTH Pa3HbIE BapHAHTHI OCYIIECTBICHHS 00IaJafomero Mpru3HakaMu n300peTeHus crrocoda.

B cooTBeTcTBHEM ¢ HEKOTOPHIMU BapHaHTaMHU OCYIIECTBICHHSA MeTaganHble eSBR BximoueHs (Hampumep,
HEeOOJIBIIIOEe KOJIMYECTBO YIPABIIONINX OUTOB, KOTOPHIE SBIAIOTCS MeTagaHHBIMA eSBR, BKITIOUEHBI) B KOAHPO-
BaHHBIM 3BYKOBOW OHMTOBBINA MOTOK (Hampumep, OutoBblii moTok AAC MPEG-4), Tak 4T0OBI YHaC/IeIOBaHHBIE
JeKoqephl (KOTOpbIe HE BBIIOTHEHBI C BO3MOXKHOCTBIO CHHTAKCHYECKH aHATU3MpoBaTh MeTanaHHble eSBR n
UCTIOJNIb30BaTh Kakoe Obl To HU ObIIO cpeacTBo eSBR, x koTopomy oTHOcsTCs MeTanaHuble eSBR), MoryT urHo-
pupoBaTh MeTananusle eSBR, HO, TeM He MeHee, AeKOTUPOBaTh OUTOBBII ITOTOK, HACKOJIBKO BO3MOXKHO Oe3 Hc-
MOJb30BaHUs MeTagaHHbIX eSBR wmu kakoro Obl To HE OBLIO cpenacTBa eSBR, k KOTOpoMy OTHOCSATCS MeTaJaH-
Hble eSBR, TunmyHO 6e3 Kakoro Okl TO HHU OBUIO 3HAYMTEIBHOTO YXYIIICHUS KauyecTBa JCKOAMPOBAHHOTO 3BY-
koBoro curHana. OmHako nexonepsl eSBR, BBINONHEHHBIE C BO3MOXKHOCTBHIO CHHTaKCHYECKH aHAJIN3UPOBATDH
OWTOBBIN TOTOK UIS UACHTU(GUKAIMH MeTamaHHbIX ¢SBR W 1 ucmons30BaHUS MO MEHBIICH Mepe OTHOTO
cpenctBa eSBR B oTBeT Ha MeTamanHbie eSBR, OyayT o0iianaTh BRITOJaMH HCIIOJIB30BAHMSI 110 MEHBINEH Mepe
onHoro Takoro cpenctsa eSBR. [ToaTromy BapuaHTHI OCyIeCTBICHHS N300pETEHUS IPEAYCMATPHUBAIOT CPEIACTBO
JUId pallMOHAJIFHON Iepefadn YIpPaBISIOMINX JAaHHBIX YCOBEPIICHCTBOBAHHOM PEIUTMKAIIMH IIOJIOC CIIEKTpa
(eSBR) i MeTagaHHBIX 00paTHO COBMECTHMBIM 00pa3oM.

Tummaao meraganasie eSBR B OMTOBOM MOTOKE SBISIOTCS YKA3BIBAIOIIMMU (HAIIpUMeEp CIy)KaT MpH3Ha-
KOM TI0 MEHBIIEH Mepe OJHON XapaKTepHUCTHKH U MapaMeTpa) OJHOTO Wi Oojiee M3 CIEIYIOIINX CPEICTB
eSBR (xoropsie ommcansl B ctanaapre MPEG USAC u koTopble MOTJH OBITH WJIM MOTJIM HE OBITH NPHMEHEH-
HBIMH KOJTUPOBIIUKOM BO BpeMs pOPMHUPOBAHUS OUTOBOI'O IOTOKA):

TapMOHHYECKAsl TPAHCIIO3UIIHS, U

JIOTIOJTHUTENbHAS TIpeBapUTeNibHas 00paboTka BKIelKkol ¢ momomipio K3® (mpenBaputenbHOE BHI-
paBHUBaHUE).

Hanpumep, meragannsie eSBR, BKITTOUeHHBIC B OMTOBBIN MOTOK, MOTYT OBITh YKA3bIBAIOIIUMH 3HAYCHHUS
napametpoB (omucanHbIx B craHmapre USAC MPEG wu B HacTosmem m3oOperenun): sbrPatchingMode[ch],
sbrOversamplingFlag[ch], sbrPitchInBins[ch], sbrPitchInBins[ch] u bs_sbr preprocessing.
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B matepuanax Hactosmiero u3obperenus obosnauenue X[ch], rome X -HeKoTOpHINA mapameTp, 0003HAYACT,
YTO TMapaMeTp OTHOCUTCA K KaHairy ("'ch') 3ByKOBOro KOHTEHTa KOAWPOBAHHOTO OMTOBOT'O MOTOKA, IOJUIEXKAIIe-
TO JIeKOAWPOBAaHUIO. Pagy mpocTOTH MBI MHOT/IAa OIYCKAaeM BEIpaKeHHE [ch] W JHOIycKaeM, 9YTO COOTBETCTBYIO-
UK TTapaMeTp OTHOCHUTCS K KaHaTy 3BYKOBOTO KOHTEHTA.

B marepuanax Hacrosimero m3obperenus obo3HaueHue X[ch][env], rae X - HEKOTOpHIA mapaMeTp, 000-
3Ha4YaeT, YTo mapaMeTp oTHocuTcs kK ormbaromeit ("env") SBR kanana ("ch") 3BykoBOTO KOHTEHTa KOJAUPOBAH-
HOTO OHMTOBOTO ITOTOKA, IMOMJICKAIIET0 ACKOAMPOBAaHUIO. Paand MpPOCTOTHI MBI WHOTZA OIyCKaeM BBIPAKCHUS
[env] m [ch] u momyckaem, 9TO COOTBETCTBYIONIUI IMapaMeTp OTHOCHTCS K orubaromei SBR kananma 3BykoBoro
KOHTEHTA.

Bo Bpemst nekoimpoBaHust KOAUPOBAHHOTO OUTOBOTO ITOTOKA BHITOJIHEHHE TAPMOHHYECKOH TPAHCIIO3HUITNH
BO BpeMsi ctaauu 00paboTkn eSBR nexonupoBanmsa(JuIst Kaxaoro kaHana, "ch", 3ByKoBOro KOHTeHTa, yKa3aHHO-
ro OWTOBBIM TIOTOKOM) YMpaBIsIeTCsl CIEAYIOIIMMH Iapamerpamu MetanaHHbIX eSBR: sbrPatchingMode[ch]:
sbrOversamplingFlag[ch]; sbrPitchInBinsFlag[ch]; u sbrPitchInBins[ch].

3nauenue "sbrPatchingMode[ch]" ykaspiBaer THn  TpaHcmo3epa, wHcmoib3yeMblii B eSBR:
sbrPatchingMode[ch]=1 yka3piBaeT HErapMOHMYECKYIO BKJIEHKY, KaKk OomMcaHo B pasnene 4.6.18.6.3 cranmapra
AAC MPEG-4; sbrPatchingMode[ch]=0 yka3piBaeT rapmoHndeckyro Bkieliky SBR, kak ykazaHHas B pazfene
7.5.3 umu 7.5.4 crangapra USAC MPEG USAC.

3naugenue "sbrOversamplingFlag[ch]" yka3piBaeT UCTIOIB30BaHUE AMANITUBHOM MO OTHOIICHHUIO K CHUTHATY
TIepPEeTMCKPETU3AIMN YaCTOTHOH oOacTti B eSBR B komOuHaimu ocHoBanHOH Ha J[I1® rapMoHMUYecKoit BKICHKH
SBR, kak ommicano B pazgene 7.5.3 cranmapra USAC MPEG. 3T1oT ¢iaKKOBBIH MPU3HAK YIIPABISIET pa3MepoOM
JI1®, xoTopble HCIONB3YIOTCS B TpaHcro3epe: | yKa3bIBaeT aKTUBHPOBAHHYIO aalNTHBHYIO 10 OTHOLICHUIO K
CHTHAJIy NepeIUCKPETH3aIMI0 YaCTOTHON o0JiacTy, Kak omnucano B paznene 7.5.3.1 cranmapra USAC MPEG; 0
yKa3bIBaeT JICaKTHBUPOBAHHYIO aJalTHBHYIO 110 OTHOIICHHUIO K CHUTHAJY IEePeIUCKPETH3alNI0 YacTOTHOH obac-
TH, Kak onucaHo B pazzene 7.5.3.1 cranpapra USAC MPEG.

3nauenue "sbrPitchInBinsFlag[ch]" ympasnser nnrepnperanueil mapamerpa sbrPitchInBins[ch]: 1 yxa3bI-
BaeT, 4To 3HadeHue B sbrPitchInBins[ch] aeWicTBurensHO 1 Gombine Hymns; 0 yka3bIBaeT, 9To 3HaYeHHE sbrPitch-
InBins[ch] ycTaHoBI€HO B HOJIB.

3naudenue "sbrPitchInBins[ch]" ynpaBnser no6aBieHHeM YIeHOB BEKTOPHOTO MPOW3BEIEHUS B TapMOHH-
geckuil TpaHcmnozep SBR. 3nauenme sbrPitchinBins[ch] siBisieTcss memodnciIeHHBIM 3HaUY€HHEM B JHWAIa30HE
[0,127] u mpencTaBisieT coOOW paccTOSHUE, U3MEPEHHOE B DIJIEMEHTaxX pa3pemieHusi 1mo dactore mist 1536-
toueunoe [[1®D, aeiicTByrolee Ha YaCTOTE JUCKPETU3AIMH OCHOBHOTO KOZEpa.

B ciyuae eciiu OutoBslit mnorok AAC MPEG-4 ykasbiBaer napy kaHaioB SBR, uby KaHaIIBI HE COEJMHEHEI
(BMecTo oguHOYHOTO KaHasia SBR), GUTOBBIH MOTOK SBIISIETCS! YKA3bIBAIOIIMM JIBa HK3EMILISIpa BHIIICTIPHBE/ICH-
HOTO CHHTaKcuca (IJIi TapMOHMYECKOH WIJIM HETapMOHWYECKOW TPaHCIIO3WLMH), OJWH JUIS Ka)KJOro KaHaja
sbr_channel pair element().

I'apmonnueckas TpaHcno3uust cpeactBa eSBR THIIMYHO yiydInaeT KayecTBO JEKOJMPOBAHHBIX MY3bI-
KaJIbHBIX CHI'HAJIOB C OTHOCHTEJILHO HHU3KMMH YacTOTaMH paszeneHus. HerapMoHmueckast TpaHCHO3HIMS (TO
€CTh yHaCJleIOBaHHAS CTIEKTpalbHAs BKJICHKA) TUIIMYHO YIIy4IIaeT peueBble CHrHaibl. OTCIOa OTIpaBHAs TOY-
Ka TpU MPUHATHU PEIISHHS B OTHOUICHUN TOTO, KAKOH THI TPAHCIO3UIMK IPEAIOUYTHTEICH IS KOJUPOBAHUS
KOHKPETHOTO 3BYKOBOTO KOHTEHTa, COCTOMT B TOM, YTOOBI BEIOMpATh CIIOCOO TPAHCIO3UIIMU B 3aBUCHMOCTH OT
BBISIBIICHHSI PEYN/MY3bIKH, IPUYEM, TAPMOHWYECKAs TPAHCIIO3UIIMSA BBIITOJIHACTCS HAJl MY3BIKAJFHBIM KOHTCH-
TOM, ¥ CIIEKTpaIbHas BKJICHWKA Ha/J PEUCBHIM KOHTCHTOM.

BrimonHeHue npeaBapuTeNbHOTO BBIpaBHUBaHMS BO BpeMsi 00padboTku eSBR ympasisiercst 3Ha4eHHEM 01
HOOMTHOTO MapameTpa MeTagaHHbX eSBR, m3BectHOro Kak "bs sbr preprocessing", B TOM cMbICIie, 9TO Tpel-
BapUTEIbHOE BEIPABHUBAHUE BBITIOJIHACTCS MIIM HE BBITIOJIHSACTCS B 3aBUCHMOCTH OT 3HAYECHUS 3TOTO OJMHOYHO-
ro 6ura. Koraa ncnone3yercst anroputM Biieiku ¢ momoinsio K3® SBR, kak onucannsiii B paszaene 4.6.18.6.3
crannapra AAC MPEG-4, sran npeaBapHUTeIbHOTO BEIPABHUBAHMST MOXKET BBIITOJHSTHCS (KOT/Ia yKa3zaH Iapa-
meTpoM "bs sbr preprocessing') B monsITKe H30€KaTh OTCYTCTBHUSI HEMPEPHIBHOCTH PODMIIS OrHOAIOIIEH CIieK-
Tpa BBICOKOYACTOTHOTO CHTHAJIA, TIOAaBaeMOTO B IOCIEAYIOMNN KOPPEKTOp orubaromieil (KoppekTop ormodaro-
el urpaet poJib eimme ogHoi craguu oopadoTku eSBR). [IpenBaputebHOe BEIpaBHUBAHUE THITMYHO YTy4IlIaeT
JIeCTBHE TIOCIIEAYIOMIETO Kackaia KOPPEKIIMY OTHOAIOMIeH, JaBas B pe3yIbTaTe CUTHAN B IT0JIOCE BHICOKHX Yac-
TOT, KOTOPBIF BOCTIPHHUMAETCS 00JIee YCTOMIUBBIM.

Oxwupaercs, yTo oOIiee TpeOoBaHME K CKOPOCTH Tiepenadyn B OUTax Ui BKIIOUSHHUS B MeTajanHble eSBR
outoBoro nmoroka AAC MPEG-4, yka3siBaromue yrmoMsHyThIE BhIlie cpencTBa eSBR (rapMoHmueckyio TpaHc-
TIO3UIIMIO U TIPE/IBAPUTEIbHOE BEIPABHUBAHNE) OY/IET IOPsAKa HECKOJIIBKUX COTEH OHMT B CEKYHJy, TaK Kak TOJIb-
KO OTJIMYHUTENILHBIE YIPaBISIONINE JaHHbIE, HEOOXOAUMBIE /IS BHITTOJMHEHUs 00paboTkn eSBR, mepenatorcs B
COOTBETCTBHH C HEKOTOPHIMH BapHaHTaMH OCYILIECTBIICHUS W300peTEHUs. YHacJeJOBaHHBIE NEKOAEPhl MOTYT
UTHOPHPOBATH 3Ty HH(OPMALINIO, TAK KaK OHA BKJIIOYEHA 00pPaTHO COBMECTUMBIM 00pa3oM (Kak OyZIeT IMOsICHEHO
no3xe). [ToaroMy maryOHOe BIMSHHE Ha CKOPOCTH Iiepetadd OUTOB, CBSI3aHHYIO C BKIIOUYEHHEM B COCTaB MeTa-
naHHBIX eSBR, HE3HAYHMTENBHO 110 PSIAy IPUYHH, B TOM YHUCIIE CIICTYIOLINM:!

YXYZIIICHWE CKOPOCTH Tepenadu ONTOB (00YCIIOBICHHOE BKIIFOUEHUEM B COCTaB MeTanaHHbIX eSBR) sBiist-
eTcsl BeChbMa HeOOJNBIIOHN 1oJeil MOTHONH CKOPOCTH Mepeaadd OUTOB, TaK KaK MepeAaroTCsl TONBKO OTINIUTENb-
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HbIE YIPaBISIOIIUE JaHHBIC, HEOOXOMMBIE IS BBIOIHEHNsT 00paboTkn eSBR (a He omHOBpeMeHHas nepenaya
ynpaBistionmx nqanHsix SBR); n

HacTpoiika cBsi3aHHO# ¢ SBR ympasmstomnieit nHbopManuy TUMAIHO HE 3aBUCHT OT MOAPOOHOCTEH TpaHC-
TIO3HIINN.

Takum 06pa3om, BapHaHTHI OCYIIECTBICHHUS H300PETEHNUS IIPEAYCMaTPHUBAIOT CPEACTBO IS PALlMOHATBHON
nepeaayn yIpaBIAIONNX JaHHBIX YCOBEPIICHCTBOBAHHON pernInKanny noioc crekrpa (eSBR) nimm metaganHbIx
obpaTHO coBMeCcTUMBIM 00pa3oM. PainmonanpHas mepemada ynpaBisiomuX JaHHBIX eSBR ymensmraer tpeboBa-
HUS K TaMATH B JIEKOJepaxX, KOJMPOBIIUKAX U MEPEKOTUPOBIINKAX, TPUMEHSIOMINX aCIIEKThl N300PETEHUS, TEM
BpPEMEHEM HE MOBEPTrasiCh OLTyTHMOMY HEOJIaronpusITHOMY BO3JICHCTBUIO HA CKOPOCTh Nepenauu OutoB. boee
TOTO, CJIOXKHOCTb M TpeOoBaHMs K 00paboTKe, CBsI3aHHBIE ¢ BhINONHEHHEM eSBR B cooTBeTcTBHN € BapHaHTaMu
OCYIIECTBIICHHS] N300PETEHNsI, TAaK)KEe YMEHBIIAIOTCS, Tak Kak naHHble SBR HeoOXoauMo oOpabaThiBaTh TOJIBKO
OJIVH pa3, U HET OJJHOBPEMEHHOH nepenadu, Kotopas uMena Obl MecTo, eciu 061 eSBR oOpabatsiBaiicst B BuE
HOJHOCTBIO oTAenbHoro Thna oosekra B AAC MPEG-4 BMmecTo BetpanBanus B konek AAC MPEG-4 oGpatHo
COBMECTHUMBIM 00pa3oM.

3atem, co cchulkoi Ha ¢ur. 7, ommmem 3meMeHTHl Onoka ("raw data block") ouroBoro moroka AAC
MPEG-4, B koTopoMm MeTaganHbie eSBR BKIIIOUEHBI B COCTaB B COOTBETCTBHY C HEKOTOPHIMH BapHaHTAMHU OCY-
IIECTBJICHUS Hacrosmero mizooperenus. @ur. 7 - cxema Omoka ("raw_data block") GuroBoro moroxka AAC
MPEG-4, nmoka3bIBaromias HEKOTOPBIE €T0 CETMEHTHI.

brox OutoBoro moroka AAC MPEG-4 moxer BKkimodaTh B ceOsS MO MeHbIIEH Mepe oamH '"sin-
gle channel element()" (Hampumep, 3TEMEHT OAWHOYHOTO KaHalla, MOKA3aHHBIA Ha (ur. 7), W/HiIu 10 MEHbIIEH
mepe oauH "channel pair element()" (ocobo He rmokazaHHBIH Ha (UT. 7, XOTSI OH MOXKET IPUCYTCTBOBATH), B TOM
YicIle, 3ByKOBBIC JaHHbIE JUIS 3BYKOBOM NMPOTrpaMMBbl. BIIOK Takyke MOXKET BKIIIOYAThH B ce0s1 HEKOTOPOE KoJn4e-
crBo "fill elements" (Hampumep, meMeHT | 3arOIHEHHS W/WIIHM BJIEMEHT 2 3alojHeHHs 1o ¢ur. 7), BKIOYaIo-
mux B ceOs JaHHBIe (HampUMep, METaJlaHHbBIE), WMEIOIIME OTHONIeHWEe K mporpamme. Kaxapri "sin-
gle channel element()" BrmouaeT B cebs nnentudukarop (Hanpumep, "ID1" mo ¢wur. 7), ykazpiBaromuii Havano
3JIeMEHTa OJUHOYHOTO KaHala, M MOXKET BKIIOYAaTh B ce0s 3BYKOBBIC JAaHHBIC, YKA3bIBAIOIIHE APYTOM KaHAI
MHOT'OKaHaJIbHOW 3BYKOBOH mmporpammbl. Kaxmerd "channel pair element" Bkmowaer B cebs mueHTH(HUKATOP
(He mokazaH Ha ¢ur. 7), YKa3bIBAIOIIUK HAYAIO JIEMEHTA Mapbl KAaHAJIOB, 1 MOXET BKIIIOYATh B Ce0S 3BYKOBBIE
JTAaHHBIC, YKa3bIBAIOIINE /IBAa KaHAJIA IPOTPAMMEL.

fill element (B MaTepranzax HACTOSIIETO M300PETEHNUS YITOMHUHAEMBIH KaK AJIEMEHT 3alOJHEHHs) OUTOBOTO
notoka AAC MPEG-4 Bximtouaet B ce0s1 uaentudukarop ("ID2" mo ¢ur. 7), yka3plBaromuyii Hadaao dJIEMEHTa
3aIl0JHEHMS, ¥ JTaHHBIC 3alOJIHEHMs nociie uneHtudukaropa. Mnenruduxarop ID2 MoxeT cOCTOATH M3 Tpex-
OuTHOrO 0E33HAKOBOTO IIENIOr0 YHCHa, epeaaBaeMoro crapmmM outoM Brepen ("uimsbf"), uMeromero 3Have-
Hre Ox0. /laHHBIE 3allOJHEHUs] MOTYT BKJIIOYaTh B ceOs ayeMeHT extension payload() (mHorma B Marepuanax
HACTOSIIIET0 M300peTeHMsI YITOMUHAEMBIH KaK IT0JIe3Hast Harpy3Ka paciIMpeHus ), Yel CHHTaKCUC IoKa3aH B Tal-
muue 4.57 crannapra AAC MPEG-4. Heckonbko THUIIOB MOJNE3HOM HArpy3KU PacHIMPEHUs CYLECTBYIOT U HEH-
TUQUIUPYIOTCS MTOCPEJCTBOM HapaMeTpa "extension type", KOTOPBIH SIBISIETCS YETHIPEXOUTHBIM 0E33HAKOBBIM
TIEJTBIM YHCIIOM, TIepelaBaeMbIM cTapiuM outoM Briepen ("uimsbf").

Jlarnble 3amonHeHNs (HampuMep, UX MOoJe3Has Harpy3Ka pacIIipeHus) MOTYT BKIIOYATh B CE0S 3aT0JIOBOK
WM UICHTU(GUKATOP (HAarpuMep, "3arojoBok 1" mo ¢ur. 7), KOTOPBIH yKa3bIBAET CETMEHT JIAHHBIX 3aIlOJTHSHUS,
KOTOpBIE SBJISIOTCS YKa3bIBarOIMMU 00BbeKT SBR (TO ecTh 3arosoBok wmHHIMamu3upyeTr tumn "oobekra SBR",
yKa3bIBaeMBIN CCBUTKOI Kak sbr extension data() B cranmapre AAC MPEG-4). Hanpumep, mone3Hast Harpy3ka
pacummpenust perrkanuy moyioc cnekrpa (SBR) unentudumupyercs 3nauenuem '1101" wm '1110', uro kacaer-
csl ToJisl extension_type B 3aroyioBke, npudeM, '1101" uaeHTHGHUIMPYET MONe3HYI0 Harpy3Ky pacluIMpeHus ¢ JaH-
HeiMH SBR, a '1110' naeHTndUIMpyeT 1 HONE3HYI0 HArpy3Ky pacmmpeHus ¢ qaHHsIME SBR ¢ nmknmmdeckum
n366rTouHbIM KostoM (CRC) 11 mpoBepku npaBUIbHOCTH JaHHBIX SBR.

Korpma 3aronmoBok (Hampumep, mose extension type) MHMIMaIH3UpyeT THI oObekra SBR, MeramanHble
SBR (umHOrma ymoMuHaeMble Kak '"JaHHBIE pEIUIMKAllMM IOJOC CIEKTpa"' U YKa3bIBA€MBIE CCBUIKOM Kak
sbr_data() B crangapre AAC MPEG-4) cirexyioT 3a 3arojloBKOM, ¥ IO MEHBIIIEH Mepe OAMH 3JIEMEHT paciinupe-
HUS pETUTMKAITIY TI0JIOC criekTpa (Hampumep, "snemenT pacmupenus SBR" anemenTa 1 3anmonaenus no ¢wur. 7)
MOJXKET cienoBaTh 3a MeTagaHHbIMU SBR. Takoif 37eMeHT paciMpeHus perTuKaIliy MoJI0C CIeKTpa (CeTMEHT
OWTOBOTO MOTOKA) YKAa3BIBAETCS CCHUTKOM Kak KoHTeitHep "sbr extension()" B cranmapre AAC MPEG-4. Dxe-
MEHT PACITUPEHUS PETUIUKAIINH TTOJIOC CIIEKTPA TI0 BEIOOPY BKIIIOUAET B ce0s 3ar0JIOBOK (HAIIpUMeEp, "3aroJI0BOK
pactmpenus SBR" anemenTa 1 3amonaenus no ¢ur. 7).

Cranpapr AAC MPEG-4 mpeanonaraer, 4To 3J€MEHT PacIIUpPEHHs PEIUIMKALUH T0J0C CHEKTpa MOXKET
BKJIIOYaTh B ceOst naHHble PS (mapamerpudeckoit ctepeooHNn) 11 3BYKOBBIX JTaHHBIX NporpamMMbl. CTaHgapT
AAC MPEG-4 npeanonaraert, 4To, KOTJa 3aroJI0OBOK 3JIEMEHTA 3alOTHEHUs (HalpuMep, ero Moje3HO! Harpy3Ku
pacimpeHus) HHANUuanu3upyeT Tiin oobekra SBR (kak 3to gemaer "headerl" mo dwur. 7), u 3MeMeHT paciupe-
HUS PEIUTMKAalMH TMOJIOC CIIEKTpa dJIEMEHTa 3aIl0JIHeHUs BKIIIOYaeT B celst naHHbIe PS, snemeHT 3amoiHeHUs
(HanpuMep, ero mosie3Has Harpy3Ka paclinpeHus) BKIIoYaeT B ceOsl JaHHbBIC PEIUIMKALMH 1TOJIOC CIIEKTpa, U Ia-
pametp "bs_extension id", ure 3HaueHHE (TO ecTh bs_extension id=2) yka3eiBaeT, 4To maHHBIE PS BKIIOYECHEI B
3JIEMEHT PACHINPEHUS PEIUTHKALNH TT0JIOC CIIEKTPa 3JIEMEHTA 3aII0THEHHS.
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B cooTBeTcTBMM C HEKOTOPHIMH BapHaHTaMH OCYIIECTBICHHS HACTOSIIETO0 W300pETeHUs] MeTaJaHHbIC
eSBR (Hanpumep, (pnaxKoBbI NPU3HAK, YKA3bIBAIOIIN, TODKHA M 00pab0TKa yCOBEPILICHCTBOBAHHOW PEILIU-
Kauu nojoc crektpa (eSBR) BEIMOMHATECS HaJ 3ByKOBBIM KOHTEHTOM 0s10ka). Hampumep, Takoit (haaskkoBBIH
MPU3HAK YKa3bIBaeTCs B 3JeMeHTe | 3amosHeHus mo ¢ur. 7, rae GprakKoBEIM MPU3HAK BCTPEYAETCS MOCIIE 3aro-
noBka ("3aronoBka pacmmpenust SBR" anemenra 1 3anomaenus) "snementa pacumpenus SBR" anemenTa 1 3a-
nosHeHus. [1o BBIOOPY, Tako# (IaKKOBBIN MPU3HAK M JOTOJHUTENbHBIC NaHHbIe eSBR BKIIIOUYEHBI B dJIEMEHT
pacIIpeHust peruInKaIiy T0J0C CIEKTpa MOCIe 3arojIoBKa AJIEMEHTa PACIIMPEHHS PETUTUKAINH TI0JIOC CTIEKTpa
(manpumep, B dneMeHT pacmupennss SBR amemenTta 1 3amonHeHus Ha (ur. 7, TOCIE 3arojioBKa pacIIupeHUS
SBR). B cooTBeTcTBUM ¢ HEKOTOPHIMU BapHaHTAMH OCYIIECTBIICHHUS HACTOSIIETO H300PETCHUsI, JJIICMEHT 3a11oJl-
HCHHS, KOTOPBIM BKJIOUaeT B ceOs MetamaHHeie ¢eSBR, Tarke Bitoyaet B ceOs mapamerp "bs_extension id",
Yybe 3HaUeHHe (Hanmpumep, bs_extension id=3) ykasbIBaeT, yTo MeTajaHHbIe eSBR BKIIIOYEHBI B 3IEMEHT 3aI10J1-
HEHUs, ¥ 4To 00paboTka eSBR 10kHa OBITH BBHITIOIHEHA HAJl 3BYKOBBEIM KOHTEHTOM YMECTHOTO OJI0Ka.

B cooTBeTcTBMM ¢ HEKOTOPHIMH BapHaHTaMHU OCYLIECTBIICHUS N300peTeHNs MeTananHble eSBR BKiIroueHs!
B 2JIEMEHT 3allOJIHEHHMs (HarpuMep, dJeMeHT 2 3anoiHeHus 1o ¢ur. 7) 6urosoro noroka AAC MPEG-4, unsie
YeM B 3JIEMEHTE PACHINPEHUS PEINIMKAINN TO0JIO0C cTieKTpa (3nemMenTe pacmupenus SBR) sanemenTa 3amonneHus.
[IprumHa B TOM, 9TO 3JIEMEHTHI 3alOJHEHUS, coepkamme B cebe extension payload() ¢ mamaeivu SBR wm
naaabsie SBR ¢ CRC, He comepxar B ceOe HUKAKOW APYTO¥ MOJNE3HONW HArpy3Kd pacHIMpeHus JIIoOOTo IPyroro
THTa pacmmpenus. [loaTomy, B BapuaHTax OCYIIECTBICHHUS, T/ie MeTanaHHble eSBR xpansaTcs cBoeit coOcTBeH-
HOM TOJIE3HON HArpy3KOH pacIIMpeHUs], OTJAEIbHBIN 3JIEMEHT 3allOJHEHUs, UCTIONb3YeTC IJIs XpaHEHUsI MeTa-
naHHbIx eSBR. Takoli sjeMeHT 3anoaHeHus BKIIoYaeT B cedst uneHTudukarop (Hanpumep, "ID2" mo ¢wur. 7),
YKa3bIBAIOIIMI HAYaJI0 3JIEMEHTa 3allojHEHUs, M JaHHBIC 3aIlOJHEHUs rocie uaeHTudukaropa. [lanHble 3amo-
HEHUSI MOTYT BKJIIOYaTh B ce0sl aneMeHT extension payload() (MHOTrzIa B MaTepuaiax HAaCTOSIIEr0 M300pETEHUS
YIIOMHUHAaEMBIH Kak I0JIe3Hasl Harpy3ka paclIMpeHHs), Yeil CMHTaKcuc mokasaH B Tabu. 4.57 cranmapra AAC
MPEG-4. [lannble 3anoiHeHus (HanpuUMep, UX ToJie3Has Harpy3ka paclIMpeHUs) BKIIOYAaeT B ceOs 3ar0JIOBOK
(manpumep, "header2" snemenTa 2 3amosHeHus 1o Qur. 7), KOTOPBIN SBIISETCS yKa3bIBalomuM 00beKT eSBR (To
€CTh 3aroJIOBOK MHHIIMATN3UPYET THUIT O0BEKTa YCOBEPIIICHCTBOBAHHON perutnkanuy nojoc crektpa (eSBR)), u
JTAaHHBIC 3aTOJHEHMs (HampuMep, ero ToJie3Has Harpy3ka pacUuIMpeHHs) BKIIIOUYaloT B ceds mertamanHble eSBR
rmocJie 3aroyioBka. Hampumep, snemenT 2 3anoiqHeHUs 1Mo (ur. 7 BKITIOYaeT B ce0s Takoi 3aroyioBok ("header2")
Y TakKe BKJIIOYAET B cebs, IMociie 3aroioBka, MeTamanabie eSBR (To ecTh "¢nakkoBbIil mpu3HaK" B dJIEeMEHTE 2
3aI0JTHEHHS, KOTOPBIA YKa3bIBaeT, TOJDKHA JIH 00pabOTKa yCOBEPIICHCTBOBAHHOW PEIIMKAIMU TOJOC CIIEKTpa
(eSBR) BBITIONHATBCS HAJ 3BYKOBBIM KOHTEHTOM OJyioka). ITo BBIOOpY, mOTMOTHHUTENbHBIE MeTamaHHble eSBR
TaKKe BKIIIOYEHBI B JaHHBIC 3allOJIHEHHMS dJIeMeHTa 2 3anoiHeHus 1o ¢ur. 7 mocie 3arojoBka 2. B BapmanTax
OCYIIECTBIICHHUS], OTIMCHIBACMBIM B HAaCTOSAIIEM Iaparpade, 3arojJoBoK (HapuMep, 3arojoBoK 2 nmo ¢ur. 7) uMeer
UeHTU(HUKAMOHHOE 3HAUYEHHE, KOTOPOE HE SIBISETCS OJHUM M3 TPAJAWIMOHHBIX 3HAUCHHH, 3aJJaHHBIX B TaOJI.
4.57 cranpapra AAC MPEG-4, 1, B3aMeH, ABIseTCd yKa3bIBarOIUM IOJE3HYI0 Harpy3ky pacmupeHus eSBR
(Tak 4TO MOJIE extension_type yKa3bIBacT, YTO JAHHBIC 3aII0JHEHUs BKIIOYAIOT B ceOs MeTanaHHble eSBR).

B mepBoii rpynme BapuaHTOB OCYLIECTBICHHSI H300peTeHUE SBISETCS OJIOKOM 00pabOTKH 3BYKOBOTO CHI-
Haya (HampuMep, IEKOIePOM), COJIEPIKAITM

namsATh (Harpumep, oydep 201 no ¢wur. 3 wnu 4), BHIIOTHSHHYIO ¢ BO3MOXKHOCTBIO XPaHUTh 110 MEHBIIEH
Mepe 0JIMH OJIOK KOJAWPOBAHHOTO 3BYKOBOT'O OMTOBOTO MOTOKA (HAIpHUMep, 10 MEHBIIIeH Mepe OuH OJIOK OUTO-
Boro notoka AAC MPEG-4);

nedopmarep MoJIe3HON Harpy3KH OMTOBOTO MOTOKA (HampuMmep, neMeHT 205 mo ¢ur. 3 uiau anemeHt 215
o ¢wur. 4), IPUCOCTUHCHHBIH K MAMITH U BBIIOJHCHHBIA C BO3MOXKHOCTBIO JIEMYJIbTHILICKCHPOBAThH 0 MCHB-
IIeii Mepe OIHy JacTh YIOMSHYTOT0 0JI0Ka OUTOBOTO IOTOKA; 1

MOJICKCTEMY JIeKOIUpoBaHus (Hampumep, snemeHTsl 202 u 203 mo ¢wur. 3 win 3nements 202 u 213 mo
¢wur. 4), IPUCOCTMHEHHYIO M BBIIIOJIHEHHYIO C BO3MOXXHOCTBIO JICKOJMPOBATH 1O MEHbIIEH Mepe OIHY 4acTb
3BYKOBOT'O KOHTEHTA YIIOMSHYTOTO OJI0Ka OUTOBOTO TIOTOKA, IPU 3TOM OJIOK BKJIIOUAET B ce0s

9JIEMEHT 3aIlOJHEHHS, BKIIOYAIOMNK B ceOsl MICHTU(HUKATOP, YKAa3bIBAIONIMN HAYalo dJIEMEHTa 3aIlojIHe-
Hus (Hanpumep, uaeHTudukarop "id syn ele", nmeromuit 3nauenune Ox0, mo tadi. 4.85 crangapra AAC MPEG-
4), ¥ JaHHBIE 3aTOJTHEHUS TTOCIe HACHTH(PHUKATOPA, TIPH ITOM JaHHBIC 3aTIOJTHEHSI BKITIOYAIOT B ce0s

10 MEHBIIICH Mepe OAWH (IIAKKOBBIN NPU3HAK, WACHTH(DHUIMPYIOMNN, TOIHKHA JIH 00paboTKa yCOBEPIIEH-
CTBOBaHHOMU peILIMKAIUH MoJIoc criekTpa (€SBR) BEIMOMHATHCS HAJl 3BYKOBBIM KOHTEHTOM OJloKa (Hampumep, ¢
MCIIOJIb30BaHUEM JaHHBIX PEIUTMKAIIIH TOJIOC CIIEKTpa U MeTagaHHbIX eSBR, BKIIOUEHHBIX B OJI0K).

@®naXKOBBIM TIPU3HAKOM SIBISIIOTCA MeTanaHHBble eSBR, u mpumepoM (ia’kkoBOro Impu3HaKa SBISCTCA
¢maxkxoBbIit mpusHak sbrPatchingMode. Eme ogauM npuMepoM ¢iakKoBOro HMpHU3HAKa SBISETCS (IIaKKOBBIHA
npu3HaK rapmonuueckoir SBR. O0a 3Tux (hrnaxkoBBIX MpH3HAKA YKAa3bIBAIOT, 0a30Bast (popMa peruIuKaIie Mo-
JIOC CHEKTpa WIH YCOBEPIICHCTBOBaHHAS (hopMa PEIUIMKALUU CICKTpa JOJDKHA BBIOTHATHCS HAJ 3BYKOBBIMH
JaHHBIME OJy0ka. bazoBoil GopMoli perMKanuy CreKTpa SIBISETCS CIIeKTpaibHas BKIIEHKa, a yCOBEPIIECHCTBO-
BaHHOW ()OPMOH PEILTHKALIMH MOJIOC CIEKTpPa SBJISIETCSI FTapMOHMYECKask TPAHCTIO3ULINS.

B HEKOTOpPBIX BapHaHTax OCYIIECTBICHUS JaHHBIC 3AII0JIHCHHUS TAaKXKE BKIIIOUAIOT B CeOs JOTIOJIHUTEIIBHBIE
Metagannabie eSBR (To ecTh MeTamanubsie eSBR, vHbIe ueM (h1aKKOBBIN MPU3HAK).

[TamsaTe MOkeT OBITH OydepHOi amMATHIO (HanpuMep, peanusaiueii oOydepa 201 no dur. 4), koTopas xpa-
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HUT (HampuMep, HeaeMEepHBIM 00pa3oM) MO MEHBIIEH Mepe OAMH OJIOK KOAMPOBAHHOTO 3BYKOBOT'O OMTOBOTO
MOTOKa.

OrneHnBaeTCs, 9TO CIOKHOCTH BBITOJIHEHUsT 00paboTku eSBR (¢ ucTonp30BaHNEM TapMOHHYECKON TpaHC-
TIO3UITMHU U TIpeBapUTEILHOTO BhIpaBHUBaHUS eSBR) mocpenctBom nekonepa eSBR Bo Bpems mekoaupoBaHus
ouroBoro nmotoka AAC MPEG-4, xoTopsiii BKITtodaeT B cebs Metamganubie eSBR (yka3pIBaromuye 3TH cpeacTBa
eSBR), Ob11a ObI crieayromei (Isi THTHIHOTO JEKOAUPOBAHMS ¢ YKA3aHHBIMH ITapaMeTpaMu):

rapMoHudeckas Tpancrnosunus (16 kout/c, 14400/28800 I'm)

Ha ocHoBaHuM J[I1®: 3,68 WMOPS (B3BenIeHHBIX MUJUTHOHOB OTIEPAIMN B CEKYHITY);

Ha ocHoBanuu K3®: 0,98 WMOPS;

npeaBapuTenbHas o0paboTka Bkielikn ¢ momomipio K3® (mpenBaputensHoe BhlpaBHuBaHuWe): 0,1
WMOPS.

W3BectHO, uT0 ocHOBaHHas Ha /[P TpaHcnos3uus THIIMYHO paboTaeT Jydlre, 4eM ocHoBaHHast Ha K3®
TPaHCIIO3HULIUSI, IPUMEHHUTEIILHO K IEPEXOJHBIM MPOLIECCaM.

B cooTBeTcTBHM C HEKOTOPBIMH BapHaHTAMH OCYLIECTBICHHS HACTOSIIET0 M300pETCHUS DJIEMEHT 3alloJ-
HeHUs (KOAMPOBAHHOTO 3BYKOBOTO OMTOBOTO IOTOKA), KOTOPHIH BKIIOUaeT B ceOst MeTamanHble eSBR, Takke
BKIIIOWaeT B cebs mapameTrp (Hampumep, napamerp 'bs extension id"), upe 3HaueHme (Hampumep,
bs_extension id=3) curnammsmupyert, 9To MeTagaHHble eSBR BKIIIOUEHBI B JIEMEHT 3aIOJIHEHHUS B 4TO 00paboT-
ka eSBR nmoiwkHa OBITH BBITIOJNHEHA HAJl 3BYKOBBIM KOHTEHTOM YMECTHOTO OJIOKa, W/WiIH mapamerp (Harmpumep,
TOT K€ caMblif mapametp "bs_extension id", upe 3HaueHne (HampuMmep, bs_extension id=2) curHaIM3UpyeT, 4TO
KOoHTelHep sbr extension() 3JeMeHTa 3amoOHEHHs BKIOYaeT B ceOs manusle PS. Hampumep, kak ykazaHo B
Tabn. 1, mMpUBENEHHON HMXKE, TAaKOW MapaMmeTp, UMEroNnii 3HaueHne bs extension id=2, MOXXET CHUTHAIU3HPO-
BaTh, YTO KOHTEHHep sbr extension() sieMeHTa 3alOJIHEHUS BKIIOYaeT B ceOst nanHble PS, u Takoil mapamerp,
uMeromuil 3HaueHne bs extension 1d=3, MOKeT CHrHaNIM3UpPOBATh, YTO KOHTeWHep sbr extension() amemeHTa
3aIoJIHCHUS BKITIOYAeT B ce0s MeTaganHbie eSBR.

Tabiumna 1
bs_extension_id Buauenne
0 3ape3epBUPOBAHO
1 3ape3epBUPOBAHO
2 EXTENSION ID PS
3 EXTENSION ID ESBR

B coOTBETCTBHU ¢ HEKOTOPHIMH BapHAHTAMH OCYIICCTBICHUS N300PETCHUS CHHTAKCUC KaXIOTO JIEMEHTa
paCIIUPEHUs PEIUTHKALIMHU TIOJIOC CIEKTPa, KOTOPHIHA BKIItOYAaeT B ce0s MeTagannbie eSBR w/unu nanneie PS sB-
JSIETCSI TAKMM, KaK yKa3aHo B TaOJl. 2, MpUBeJICHHON BbIIe (B KOTOpO# "sbr extension()" o0o3HauaeT KOHTEH-
Hep, KOTOPBIN SIBIISICTCS AIIEMEHTOM PACIIMPEHHS PEIUIMKALH IOJIoC CIeKTpa, "bs extension id" sBnsercs ta-
KHM, Kak onmcaHo B Tabi. 1, mpuBeneHHo# Bome, "ps_data" ob6o3nadaer manaeie PS, a "esbr data" oGo3nauaer
MeTtananabie eSBR).

Tab6muma 2
sbr extension(bs extension id, num bits left)
{
switch (bs extension id) {
case EXTENSION ID PS:
num bits left -= ps datal(); lpumeuanyue 1
break;
case EXTENSION ID ESBR:
num bits left -= esbr data(); puMevaHue 2
break;
default:

bs_fill bits;

num bits left=0;

break;

}
}

lpuMeuvaHue 1: ps data() BoszBpamaeT KOJMYECTBO

CUMTaHHEX OUT.

lpumeuanre 2: esbr data() Bo3BpamaeT KOJIUYECTBO

CUMTAaHHEX OUT.
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B npumepHOM BapuaHTe ocymiecTBicHus, esbr_data(), yImoMsSHyTHIH B Ta0J. 2, MPUBEICHHON BHIIIE, SBIIS-
€TCsI YKA3bIBAIOIINM 3HAYCHUS CIICAYIOMIHUX MapaMeTPOB METaIaHHBIX:

1) omHOOWTHEIN TapaMeTp MeTalaHHbBIX, "bs sbr preprocessing”;

2) mis kaxmaoro kaHana ("ch') 3ByKOBOro KOHTEHTa KOJUPOBAHHOTO OUTOBOTO TIOTOKA, ITOJICKAIIETO JIe-
KOJMPOBAHUIO, KaXKIbI N3 OMMCAHHBIX BBIIIE TAPAMETPOB:

"sbrPatchingMode[ch]"; "sbrOversamplingFlag[ch]"; "sbrPitchInBinsFlag[ch]"; u "sbrPitchInBins[ch]".

Hanpumep, B HEKOTOPBIX BapHaHTaxX OCyIIECTBIICHU, esbr data() MOXKeT UMETh CHHTAKCHC, YKa3aHHBIN B
TabJI. 3, I yKa3aHUs dTHX MapaMeTPOB METaTaHHbBIX.

Tabnmma 3

CUHTakKcuc KommuecTBO OMUTOB

esbr data(id aac, bs coupling)
{

bs_sbr preprocessing; 1

if (id aac == ID SCE) {

if (sbrPatchingMode[0] == 0) {

sbrOversamplingFlag[O0] ;

if (sbrPitchInBinsFlag[O0])

40 B R e

sbrPitchInBins[0];

else

sbrPitchInBins[0]=0;

} else {

sbrOversamplingFlag[0]=0;

sbrPitchInBins[0]=0;
}
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} else if (id aac == ID CPE) {

If (bs _coupling) {

if (sbrPatchingMode[0,1] == 0) {

sbrOversamplingFlag[0,1];

if (sbrPitchInBinsFlag[0,1])

sbrPitchInBins[0,1];

IRTIN E

else

sbrPitchInBins [0, 1]=0;

} else {

sbrOversamplingFlag[0,1]=0;

sbrPitchInBins[0,1]1=0;

}

} else { /* bs coupling == 0 */

if (sbrPatchingMode[0] == 0) {

sbrOversamplingFlag[0];

if (sbrPitchInBinsFlag[O0])

sbrPitchInBins[0];

4 B R R

else

sbrPitchInBins[0]=0;

} else {

sbrOversamplingFlag[0]=0;

sbrPitchInBins[0]=0;

}

if (sbrPatchingMode[l] == 0) {

sbrOversamplingFlag[1l];

if (sbrPitchInBinsFlag[l])

sbrPitchInBins[1];

ITIN

else

sbrPitchInBins[1]1=0;

} else {

sbrOversamplingFlag[1]1=0;

sbrPitchInBins[1]=0;

}

}

}

}

IlpuMeuaHuUe @ bs sbr preprocessing

sbrOversamplingFlag(chl],

ISO/IEC 23003-3:2012.

pasnoee 6.2.12 ISO/IEC 23003-3:2012.

olipeneJieH,

sbrPitchInBins[ch] OIpeneJIeHH, KakK OIMCaHO

Kak OIIMCaHO

sbrPatchingMode[ch],
sbrPitchInBinsFlag([ch]

B pazspmeye 7.

B

"
5

IIpuBeneHHBIN BBIIIE CHUHTAKCUC J1a€T BO3MOXXHOCTh PAllMOHAJIBLHON peaju3alliil YCOBEPIICHCTBOBAHHOM
(hOpMBI peIUTMKAIINH TOJIOC CIIEKTPa, TAKOW KaK rapMOHHYECKasi TPAHCIIO3UINS, B KaYeCTBE PaCIIMPEHUs yHac-
JIeIOBaHHOTO Aekonepa. bomee Touno mannabie eSBR u3 Tab1. 3 BKIOYaOT B ce0s TOJBKO T€ MapaMmeTphl, HEOO-
XOJFIMBIC JJIS1 BBITIOJIHEHHSI YCOBEPIICHCTBOBAHHOH (DOPMBI PETUTUKAIIH TI0JIOC CTIEKTpa, KOTOPHIE elle He TOA-
JEpKUBAIOTCSA B OWTOBOM MOTOKE M HE SIBISIIOTCS BBIBOJMMBIMH HETIOCPEICTBEHHO M3 MAapaMeTpOB, yXKe TOA-
JIep’KMBaeMbIX B OMTOBOM IMOTOKe. Bee npyrue mapamerpsl U qaHHBIE 00paOOTKH, HEOOXOAMMBIE JJIsI BBITIOTHE-
HUS YCOBEPIICHCTBOBAHHOH (DOPMBI PEILTHKAIIMHU MOJIOC CICKTPA, M3BJICKAIOTCS U3 CYIICCTBYIOIINX paHee mapa-
METPOB B yKE ONPEICICHHBIX PACIOIOKCHUAX B ONTOBOM ITOTOKE.
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Hanpumep, coBmectumerii ¢ HE-AAC MPEG-4 win ¢ HE-AAC v2 nekoaep MOXeT OBITh PacIIHPEH, YTO-
OBl BKJIFOUATh B CE0sl YCOBEPIICHCTBOBAHHYIO (hPOPMY PEIUIMKALIMU TIOJIOC CIEKTPa, TAKYI KaK FapMOHUYECKas
TPAHCHO3UIHUSA. DTa YCOBEPIICHCTBOBAHHAS (hopMa PEIUTMKALINH T0JIOC CTIEKTpa SIBJIIETCS TOTIOJIHEHHEM K 0a30-
BOH (hopMe peIUTHKAITIH TI0JI0C CIIEKTPa, yKe MOAIepKUBaeMoi JexoaepoM. B konTekcTe coBmectumoro ¢ HE-
AAC nwmn HE-AAC v2 MPEG-4 nekonepa, 3Ta 6a3zoBast ¢popMa peIuTUKaIlIHU TIOJI0C CIIEKTPa SBISAETCS CPEICT-
BoM SBR cnekTpanbHoit BKieiiky ¢ momonisio K3®, kak onpeneneno B pasaene 4.6.18 crangapra AAC MPEG-
4.

[Ipu BBHITOTHEHWN YCOBEPIICHCTBOBAHHOM (DOPMBI PEIUIMKAIIMH TOJIOC CIIEKTPa JEKOACP PACIIMPEHHOTO
HE-AAC MOXeT MOBTOPHO HCIIONIF30BaTh MHOTHE MAapaMeTPhl OUTOBOTO MMOTOKA, YK€ BKIFOYCHHBIC B MOJIC3HYIO
Harpy3ky pacmupenus SBR 6uroBoro notoka. KoHkpeTHBIE TapaMeTpbl, KOTOPBIE MOTYT IIOBTOPHO HCIOJIB30-
BaThCsI, HAMPUMEP, BKIIOYAIOT B ce0sl pa3iHyHbIC MapaMeTpPhl, KOTOPHIC ONPEACISAIOT CBOJHYIO TaOJHIy MOJIOC
4acTOT. JTH MapaMeTphl BKIIOYAIOT B ceOs bs_start freq (mapametp, KOTOPHIH OmpenesseT Hadalio mapamerpa
CBOJIHOW TaOJIUIIBI 4acToT), bs_stop freq (mapamerp, KOTOPHIi ompenessieT OKOHYaHUE CBOJHOW TaOJIUIBI Yac-
ToT), bs_freq scale (mapameTp, KOTOPBIH OmpenenseT KOJIMYSCTBO IOJIOC YacTOT Ha OKTaBy) u bs_alter scale
(TmapameTp, KOTOPHIH U3MEHSET HIKAITy TOJ0C 9acToT). [lapaMeTpsl, KOTOpBIE MOTYT MMOBTOPHO HCIIOIB30BAThCH,
TakXKe BKIIOYAIOT B ceOsl mapaMeTphl, KOTOPBIE ONpeAessIoT Tabiauiry nryMoBbix mosoc (bs_noise bands) u ma-
paMeTpsl TaONHIBl OrpaHHYUTENBHBIX mosoc (bs limiter bands). CooTBETCTBEHHO, B pa3iMYHBIX BapHaHTaX
OCYILIECTBIICHHS, IT0 MEHBIIIEH Mepe HEKOTOPBIC W3 SKBUBAJICHTHBIX MMapaMeTPOB, 3a1aHHBIX B cTaHmapte USAC,
HE BKITIOYCHBI B OMTOBBIH ITOTOK, TEM CaMBIM, COKpAIas CIIy>KeOHbIe CUTHAIIBI U JaHHBIE YIIPABICHUS B ONTOBOM
nmoTtoke. THITMYHO, B TEX CIydasx, KOraa mapamerp, 3afaHHblii B ctannapre AAC, uMeeT SKBUBAJICHTHBIN Tapa-
MeTp, 3agannbiil B USAC, skBUBasieHTHBIN napameTp, 3aaannblii B USAC, nmeeT Takoe e HauMEeHOBaHUE, KaK
napameTp, 3afaHHbli B cTanaapTe AAC, HanpuMep, MacITabHbIi ko3 durmenT orndaromet, Eorigvapped: OnHA-
KO, SKBUBAJICHTHBIM mapaMerp, 3agaHHbll B cTaHaapte USAC, TUINMYHO HMEET Ipyroe 3HaueHHe, KOTOpoe
"mpucniocodeHo" ckopee it 00paboTku ycoBepiieHcTBoBaHHOH SBR, ompenenennoit B cranmapte USAC,
Hexenu 11t 00padoTku SBR, onpenenennoii B crangapre AAC.

B nmomonmHeHne K MHOTOYMCIIEHHBIM ITapaMeTpaM, IpYyTHe 3JIEMEHTH JaHHBIX TAaK)Ke MOTYT MOBTOPHO WC-
TOJIL30BaThCs NekoaepoM pacmupeHHoro HE-AAC npu BRITIOTHEHHH YCOBEPIICHCTBOBAHHOHN (hOPMBI peTuTiKa-
IIUH TI0JIOC CTIEKTPa B COOTBETCTBUH C BapHaHTAMHU OCYILIECTBICHHUS M300peTeHns. Hanpumep, ganasie orubdaio-
e U JaHHbIE YPOBHS COOCTBEHHBIX IIYMOB TAaK)K€ MOTYT M3BJICKaThCS M3 NaHHBIX bs data env (MacmTaOHBIX
Ko dunneHToB ornbdaromeil) u bs_noise_env (MacmTaOHBIX K03()(UITMEHTOB YPOBHA COOCTBEHHBIX IIIYMOB) U
HCIIOJIB30BaTHCS BO BPEMS YCOBEPIIEHCTBOBAHHOM (POPMBI PETIMKAIINHN TTOJIOC CIIEKTPA.

ITo cyTH, 3T BapHaHTBI OCYILECTBIICHUS HCIOJB3YIOT KOH(PHUIYpallMOHHBIC MapaMEeTPhl U JaHHBIC OTH-
Garorieit, yxxe mojnepxuBaemblie yHacienoBanHbIM aekonepoM HE-AAC unun HE-AAC v2 B nose3Hoi Harpys-
ke pacmmpenns SBR, 4To0bI caenaTh BO3MOXKHOM YCOBEPIIEHCTBOBAHHYIO ()OPMY PEIUIMKAIIMH 0JIOC CIIEKTPa,
TpeOyst Kak MOKHO MEHBIIIETO KOJMYECTBA JOTOTHUATEIBHBIX IePEeIaBacMbIX JAaHHBIX. MeTalaHHbIC H3HAYAIEHO
Ob1TH TIpucTiocoOens! i 6azoBoit hopmel HFR (Hanpumep, cnexrpanbHoii Bkieiiku SBR), Ho, B cooTBeTCT-
BUU C BapUaHTAMHU OCYIIECTBIICHUS, UCIONB3yeTCs A ycoBeprueHcTBoBaHHOU (opmbel HFR (mampumep, rap-
MoHnueckol Tpancnozumuu eSBR). Kak o0cyxaeHo paHee, MeTaJlaHHbIe KaK MPABUJIO MPEICTABISIIOT cOOOH
paboune mapameTpsl (HampuMep MacmTabHble Kod(dduImMeHTs ormbaromieii, MacmrTaOHbIe KO3(D(UIIUESHTHI
YPOBHSI COOCTBEHHBIX ITyMOB, ITapaMeTpPhl BPEMS/9acTOTHON CETKH, HH(POPMAINIO O CHHYCOWAAIHHOM JOIOJN-
HEHUH, TIEPEMEHHYIO YacTOTY/IIOJIOCY Pa3ielieHus, PeXUM OOpaTHOW (UIBTPAIlUH, pa3pelieHne OTruOaroIeH,
PEXUM CTIKUBAHUSA, PEKAM YaCTOTHOW WHTEPIOJIIAN). TIPUCTIOCOOICHHBIE M TIPEeAHA3HAYCHHBIE IS HCIIOJh-
30BaHus ¢ 6a3zoBoil popmoit HFR (wanpumep, muHelHbIM npeoOpa3zoBanueM). OHAKO, 3TH METaJaHHBIC, KOM-
OMHUPOBAHHBIC C JIOTOJHUTCIHHBIMHE IMapaMeTPaMU METAJaHHBIX, CICHU(PUIHBIMU YCOBEPIICHCTBOBAHHOU
¢dopme HFR (Hampumep, rapMOHHYIECKOH TPAHCIIO3UIUH), MOTYT HUCIIOIB30BaThCSI IS pallMOHANBHONW 1 3 dek-
TUBHOU 00pa0OTKU 3BYKOBBIX JIAHHBIX C HCIIOJIB30BAHUEM YCOBEpIICHCTBOBaHHOM popmbl HFR.

COOTBETCTBEHHO PacIIMPEHHBIE IEKOJEPHI, KOTOPbIEC MOJAEPKHUBAIOT YCOBEPIICHCTBOBAHHYIO (JOPMY perl-
JIMKAIMU TI0JIOC CIIEKTPa, MOTYT OBITh CO3MaHBI OYCHb A((EKTUBHBIM 00pa3oM, TOIarasch Ha YK€ OINpe/eIicH-
HBIE 3JIEMEHTBHI OMTOBOTO TOTOKA (HANPUMEP, TAKOBBIE B TMOJIE3HON Harpyske pacmupenus SBR) m mobaBmss
TONBKO T€ MapaMeTpbl, KOTOPBIE HEOOXOAMMBI JJIS TOINEPKKH yCOBEPIICHCTBOBAHHOW (DOPMBI pEIUTHKAIIIH
TMI0JIOC CIEeKTpa (B MOJIE3HOM HArpy3Ke pacIIpeHNUs 3JIEMEHTA 3a0HEHHS ). DTOT MPU3HAK COKPAIICHUS JaHHBIX
B KOMOWHAITH C Pa3MEIICHHEM BHOBP JI00aBJICHHBIX MMapaMETPOB B 3ape3epBUPOBAHHBIX IOJIAX JAHHBIX, TAKHX
KaK KOHTCWHEp PacCIIMpEeHHs, CYIIECTBEHHO YMEHBIIAET Oapbephl K CO3MaHUIO ACKOAEpa, KOTOPHIH IMOAIepKH-
BaeT YCOBEPUICHCTBOBAHHYIO PEINIMKAIIMIO MOJIOC CIIEKTPa, TAPAHTHPYS, YTO OMTOBBIN IMOTOK OOpaTHO COBMEC-
THM C yHACJIeIOBaHHBIM JIEKOAEPOM, HE TOAECPKHBAIOIINM YCOBEPIICHCTBOBAHHYIO ()OPMY PETIIMKAIIMH MOJI0C
CIIEKTpa.

B Tabin. 3 HOMep B mpaBoM CTOJIONE YKa3bIBaeT KOJMUECTBO OMTOB COOTBETCTBYIOIIETO [TapaMeTpa B JIEBOM
cToJone.

B HekoTOphIX BapraHTax ocyiecTBiIeHus, THII 00bekTa SBR, onpenenennsiii B AAC MPEG-4, oOHOBIIEH,
4TOOBI coJiepxath B cebe cpeactBo SBR wmimm acmekThl cpenctBa ycoBepiieHcTBoBanHoi SBR (eSBR), uro cwur-
Hanu3upyertcs B anemente pacmupenus SBR (bs_extension id== EXTENSION ID ESBR).

B HekoTOpHIX BapHaHTaX OCYIIECTBICHHUS M300peTeHHE ABISAETCA CIIOCOOOM, BKIIOYAIOIINM B ceOs dTam

-15 -



040874

KOJMPOBAHUSI 3BYKOBBIX JAHHBIX U1 (DOPMUPOBAHUS KOJAWPOBAHHOTO OUTOBOTO MOTOKA (HAaIpUMep, OMTOBOTO
noroka AAC MPEG-4), B ToM uucne nocpeacTBOM BKIHOUEHUS MeTafaHHbIX €SBR mo mensmeil mepe B oauH
CETMEHT IO MEHbBINEH Mepe OJHOTo OJI0Ka KOTMPOBAHHOTO OMTOBOTO MOTOKA W 3BYKOBBIX JAHHBIX B IO MEHB-
el Mepe OJH APYroi CerMEHT OIoKa. B THITMYHBIX BapHaHTaX OCYIIECTBICHHUS CIIOCO0 BKIIIOYAET B ceOs ATall
MYJIBTHIDIEKCHPOBAHUS 3BYKOBBIX JaHHBIX C MeTamaHHBIMH eSBR B kakmom OJ0Ke KOAMPOBAHHOTO OHTOBOTO
notoka. [Ipu THIMYHOM IeKOAMPOBAaHUH KOAMPOBAHHOT'O OMTOBOTO MOTOKA B Aekoaepe eSBR nexozaep m3Bieka-
eT Metajanabie eSBR 3 6uToBOTO MOTOKA (B TOM YHCIIE MIOCPEICTBOM CHHTAKCHUIECKOT0 pa3bopa v IeMYIIbTH-
TUICKCUPOBaHUsT MeTagaHHbIX eSBR M 3BYKOBBIX MaHHBIX) W HCTOJB3yeT MeTamaHHble eSBR mms o6paboTku
3BYKOBBIX JJAHHBIX, YTOOBI (POPMHUPOBATH TOTOK JCKOUPOBAHHBIX 3BYKOBBIX JIaHHBIX.

Eme onaum acriexkToMm m3o00pereHus sBisieTcs aekonep eSBR, BBIIOIHEHHBIH ¢ BO3MOXKHOCTBIO BBIIOJI-
HATH 00paboTky eSBR (Hampumep, ¢ ncrnosp3oBaHieM 1o MeHbIIEH Mepe oJHOTo U3 cpeacTB eSBR, n3BecTHbIX
KaK TapMOHMYECKAas TPAHCIIO3MIUS U TPEABAPUTEIBHOC BHIPABHUBAHKE) BO BPEMs JICKOJUPOBAHUS KOIHPO-
BaHHOTO 3BYKOBOTO IoToKa (Harpumep, ouroBoro nmoroka AAC MPEG-4), koTopslil He BKItoyaeT B ce0st MeTa-
nannble eSBR. TIpumep takoro aexonepa OyAeT onMcaH co CChIIKOM Ha dur. 5.

Jexonep (400) eSBR mno ¢ur. 5 Bxmogaer B ceds OydepHyro mamsate 201 (koTopas WISHTUYIHA IMaMSITH
201 o ¢ur. 3 u 4), nebopmarep 215 mosne3Hol HATPy3KH OUTOBOTO MOTOKA (KOTOPBIA HISHTHYCH AedopMaTepy
215 mo ¢wur. 4), moacucremy 202 neKOIUPOBAHUSA 3BYKOBOTO CHUTHANA (MHOTJA YITOMHHAEMYIO Kak Kackanm "oc-
HOBHOTO" JIEKOJMPOBAHMS WM TOACHCTEMa "OCHOBHOTO" NEKOAUPOBAHUS, U KOTOpas HISCHTHYHA ITOJCHCTEME
202 ocHOBHOTO nekoaupoBanus mo ¢ur. 3), moxcucremy 401 hopMupoBanus ynpaBisomyX AaHHBIX eSBR u
kackan 203 ob6pabotku eSBR (koTopslit naeHTHYeH kackaay 203 o ¢wur. 3, coennHeHHBIe Kak moka3aHo. K To-
MY K€, THITNYHO, Jekoep 400 BkiroyaeT B ceOs Ipyrue 3JIeMeHThl 00padoTKH (HE TOKa3aHsbl).

[Tpn sxcmnyaranun nexoaepa 400 mociaeoBaTeNbHOCTh OJI0KOB KOAMPOBAHHOI'O 3BYKOBOTO OHUTOBOTO TO-
Toka (butoBoro moroka AAC MPEG-4), npuanmaemoro aexonepoM 400, npenpspnsercs u3 o0ydepa 201 B me-
¢dopmarep 215.

Hedopmarep 215 npucoeMHEH U BBITOIHEH ¢ BO3MOXKHOCTBIO JIEMYJIbTUILNICKCUPOBATh KaXKIbIi OJIOK Ou-
TOBOTO ITOTOKA JUIS M3BJICYCHUS MeTalaHHBIX SBR (B TOM umcie KBaHTOBaHHBIX JAaHHBIX OT'HOArOIIEH) M TakkKe
TUTIMIHO JPYTUX METaAaHHBIX U3 Hero. Jlepopmarep 215 BBIMONHEH C BOBMOXHOCTBIO JOOABISTH 1O MEHBIIICH
Mepe Mmetananable SBR B kackam 203 o6padorku eSBR. Jlebopmarep 215 Takke MpUCOSIUHEH W BBITIOTHEH C
BO3MOKHOCTBIO M3BJICKATh 3BYKOBBIC JaHHBIE W3 KaXXIOTO OJOKa OWTOBOTO IOTOKA, M MPEIBSBISATH H3BICUCH-
HBbIEC 3BYKOBBIE JIaHHBIE B mocucTeMy 202 nexonupoBanus (Kackal ISKOIUPOBAHHUSA).

IMoacucrema 202 mekomaupoBaHus 3Byka nekoaepa 400 BBIMTOJIHEHA C BO3MOXKHOCTBIO JIGKOJTUPOBAThH 3BY-
KOBBIC JaHHBIC, U3BJIICUCHHBIC NeopmarepoM 215 (Takoe NEKOIUPOBAHHE MOXKET YIOMHHATHCSA KaK OIepalus
"OCHOBHOTO" JEKOIMPOBaHU), JIs (POpMUPOBaHHS ICKOIUPOBAHHBIX 3BYKOBBIX JAHHBIX M MPCIBABIATH ACKO-
JMPOBaHHBIE 3BYKOBBIE NaHHBIE B Kackaj 203 oOpabotku eSBR. [lekoanpoBaHue BBINONHSETCS B YacTOTHOM
obnactu. TunuuHo, 3aBepmiaromuii kackan oopadoTku B moxacucreme 202 mpuMeHseT peodpa3oBaHue U3 dac-
TOTHOW 00JIACTH BO BPEMECHHYIO 00JIACTh K JICKOJAUPOBAHHBEIM 3BYKOBBIM JAHHBIM YaCTOTHOH 00JAaCTH, TaK YTO-
OBI BRIXOJHBIMH JaHHBIMU TIOJICHCTEMEI OBLITH JICKOTUPOBAHHEIC 3BYKOBBIC TaHHBIC BpeMeHHO# obmactu. Kackan
203 BBIMOHEH ¢ BO3MOXKHOCTBIO IpUMEHATH cpenctBa SBR (u cpenctBa eSBR), ykazannbeie metaganasiMa SBR
(m3BnedeHHbIME nedopmarepom 215) u mertaganapiMu eSBR, chopmupoBanasiMu B moacucteme 401, k 1eko-
JIUPOBAaHHBIM 3BYKOBBIM JTAHHBIM (TO €CTh BBIOJHATH 00pa0doTky SBR 1 eSBR Haa BEIXOIHBIMH JTaHHBIMH TTO/I-
cuctembl 202 IEKOIUPOBAHUS C HCMONIb3oBaHKeM MeTanaHHbIX SBR n eSBR) mist ¢hopMupoBaHus MOIHOCTHIO
JIEKOAMPOBAHHBIX 3BYKOBBIX JaHHBIX, KOTOPBIE BRIBOAATCS U3 nekoaepa 400. Tummano, nekoaep 400 Bkiodaet
B ce0st maMATh (HocTynHyto u3 moacucteMsl 202 u kackanga 203), KoTopas XpaHHUT Ie(pOpMaTHPOBAHHEIC 3BYKO-
BBIC JTAHHBIC U METaJlaHHbIC, BRITAaHHEIC U3 nedopmarepa 215 (1, mo BEIOOPY, Takxke monacuctemsr 401), a kackan
203 BBIMOJIHEH C BO3MOXHOCTBIO OCYIIIECTBISTH JOCTYI K 3BYKOBBIM JIAHHBIM M METaIaHHBIM IO Mepe He00X0-
JuMocTH Bo BpeMst 00padoTku SBR 1 eSBR. O6paboTtka SBR B xackane 203 MOXeT CUNTAThCS IOCIIETYIOMIEH
00paboTkoif Ha BBIXOJAE M3 moxacucteMbl 202 ocHOBHOro nekoaupoBanus. [lo BeiOOpy, nexomep 400 Takxke
BKITIIOYAeT B ceOs MOJCHCTEMY 3aBEpIIAIOIICIO MOBBIMIAIOIICTO MUKIIAPOBAHUS (KOTOPas MOXKET MPUMEHSTH
cpenctBa nmapamerpudeckoi crepeodonun ("PS"), onpenenennsie B ctangapte AAC MPEG-4, ¢ ncnons3oBa-
HUEM MeTafaHHbIX PS, m3BnedeHHsix nedopmarepom 215), KoTopas IpUCOETMHEHA W BHITIOTHEHA C BO3MOXHO-
CTBIO BBITIONHSTH MOBBIMIAIONIEE MUKIIUPOBAHUE HA/ BBEIXOAHBIM CUTHAIOM Kackana 203, uto0bl popMupoBaTh
TIOJTHOCTBIO JIEKOTUPOBAHHBIA MOABEPTHYTHIH IOBBIIAIONIEMY MHKIIHPOBAHHIO 3BYKOBOW CHTHAJI, KOTOPBIA
BeiBouTca u3 APU 210.

IMoacucrema 401 dhopMupoBaHUS YIPABISIOMNX JaHHBIX MO (UT. 5 MPHUCOEIWHEHA W BBITIOJNHEHA C BO3-
MOXXHOCTBIO BBISIBJISITH T10 MEHBIIEH Mepe OHO CBOWCTBO KOJMPOBAHHOTO 3BYKOBOTO OMTOBOTO IOTOKA, IOJIE-
JKAIIETo ICKOIUPOBAHUIO, U (JOPMHPOBATH YIpaBistomue nanueie eSBR (KoTopble MOTYT OBITH HITH BKJIFOYATH B
cebs MmetananHbie eSBR mM000r0 U3 THIIOB, BKIIFOYCHHBIX B KOJAMPOBAHHBIC 3BYKOBBIC OHUTOBBIC MMOTOKH, B COOT-
BETCTBHH C APYTUMH BapHUaHTAMH OCYIICCTBICHUSA N300pPETCHUS) B OTBET HA TI0 MEHBIIICH Mepe OJTUH PEe3yIbTaT
JTama BBISBJICHUA. YTpamisonme nanusle eSBR mgo6aemstorest B kackan 203, 4ToOBl MPUBOAMUTE B JCHCTBHE
MpUMEHECHHE OTACTBHBIX cpeacTB eSBR mim komOuHanuu cpeacts eSBR npu BEISBICHUU KOHKPETHOTO CBOMCT-
Ba (MM KOMOHMHAIIMM CBOWCTB) OMTOBOTI'O TIOTOKA W/MIIM YIPAaBIATH MpUMEHEHHEeM TakuX cpenctB eSBR. Ha-
TIPUMeEp, JJIST TOTO YTOOBI KOHTPOJIMPOBATh BBITOIHEHHE 00paboTkn eSBR ¢ mcmonb30BanneM rapMOHHUYECKON
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TPAHCIO3HUIIUHU, HEKOTOPHIC BAPHAHTHI OCYIICCTBICHUS mocucTeMbl 401 GhopMUpOBaHHS yIIPABIISIONINX JaHHBIX
BKITIOYAJH OBl B CeOS: AETCKTOP MY3BIKH (HAIIPUMED, YIPOIICHHEBIN BapHaHT TPAJUIIMOHHOTO JETEKTOPa MY3bI-
KH) IS yCcTaHOBKHM Tapamerpa sbrPatchingMode[ch] (v mpenbsiBIIeHHs YCTaHOBJIIGHHOTO MapaMmeTpa B KacKal
203) B OTBET Ha BBISBIECHUE, YTO OUTOBBIN IMOTOK SBISETCS WM HE SBIISETCS YKa3bIBAIOIIUM MY3BIKY; IETEKTOP
TIEPEXOIHBIX MPOIIECCOB IS ycTaHOBKH Mapametpa sbrOversamplingFlag[ch] (v nmpenbsBieHusT yCTaHOBIECHHO-
ro mapamMetpa B kKackaq 203) B OTBET Ha BBISBICHNE HAJIMYHS WM OTCYTCTBHUS MEPEXOAHBIX MPOIIECCOB B 3BYKO-
BOM KOHTEHTE, YKa3bIBaeMOM OHTOBBIM ITOTOKOM; M/HMJIH IETEKTOP OCHOBHOTO TOHA JJISl YCTAHOBKH ITapaMeTPOB
sbrPitchInBinsFlag[ch] u sbrPitchInBins[ch] (n npenbsiBiIeHns ycTaHOBICHHBIX MapaMeTpoB B kKackam 203) B
OTBET Ha BEBISBJIICHUEC OCHOBHOT'O TOHA 3BYKOBOT'O KOHTCHTA, YKa3bIBAEMOTO OMTOBBIM MOTOKOM. JIpyruMu acrek-
TaMH HM300pETEHUS SBISIOTCS CHOCOOBI JIEKOAMPOBAHUS 3BYKOBOTO OHTOBOTO IOTOKA, BBIMOJHSIEMBIC JIFOOBIM
BapHaHTOM OCYILIECTBIICHHS 00JIaIaoNIero MprU3HaKaMy H300pETeHUS JCKOCPOM, OTIMCAHHBEIM B 3TOM Taparpa-
(e n npepIAyIIEeM Haparpade.

ACTICKTBI H300pETCHHS BKITFOYAIOT B ce0s CIOCO0 KOAWPOBAHUS WM JCKOJAUPOBAHUS THIIA, KOTOPBIN JIFO-
00l BapHaHT OCYIECTBICHUS 00JIATAIONINX MpH3HaKaMu n300peTeHnss APU, cucTeMBl WM YCTPOMCTBA BEITION-
HEH ¢ BO3MOXXHOCTBIO (MJTH 3alpOTpaMMHUPOBAH) BBITIONHATE. JIpyrue acrekThl n300peTeHusT BKIIOYAIOT B ce0s
CHCTEMY WJIM YCTPOWCTBO BBINIOJHEHHBIE C BO3MOXKHOCTHIO (HAampuMep, 3alpOrpaMMHPOBAHHEIEC) BEBITIONHATH
OO0 BapWaHT OCYIIECTBICHHUS OOJAarolIero NMpHU3HaKaMH HM300pEeTeHHs Ccrocoba, W MallMHHO-YATACMBIH
HOCHTENh (HaIpUMep, JNUCK), KOTOPBIA XpaHUT MAIIMHHYIO MporpamMMmy (Hampumep, HeddeMepHBIM 00pa3oM)
JUTSL pealTi3alny Jito00To BapruaHTa OCYIIECTBICHUS 00 alonero Mpru3HakaMHu U300pETeHHsI CIToco0a Uil ero
sranoB. Hampumep, oGmamaronias mpu3HaKaMu H300pPETEHUs CUCTEMa MOXET OBITh WIJIM BKJIFOYATh B CEOsI MPO-
TpaMMHUPYEMBIA TPOIIECCOp OOILIET0 MPUMEHEHHUs, NU(POBOM CUTHANBHBIA TPOLECCOP WIH MHKPOIPOIECCOP,
3anporpaMMHUPOBAHHBIN MPOTPAMMHEIM O0OCCIICYCHUEM I MUKPOIPOTPAMMHBIM OOCCIICUCHHEM W/WJIH HHBIM
00pa30M BBIITOTHCHHBIN ¢ BO3MOXKHOCTBIO BBITIOJHATH JTFOOBIC U3 MHOTO0Opa3usl OnepaIyii HaJ JaHHBIMH, B TOM
YHUCIIe, BAPUAHT OCYIIECTBICHUS O0Iaarollero mpu3HaKaMu W300peTeHHs crocoda WM ero 3TamoB. Takoi
mporieccop oOIIero MPUMEHEHUS MOXKET OBITh WK BKIIOYATh B CE0sI KOMIBIOTEPHYIO CUCTEMY, BKIIFOYAIOIIYIO B
ce0s yCTpOHCTBO BBOJA, MTAMSTh, CXeMy 00pabOTKH, 3aIpOoTrpaMMHUPOBAHHYIO (M/WJIH HHBIM 00pa30M BBITIOTHEH-
HYIO C BO3MOXHOCTBIO) BEITIONHATH BAPHUAHT OCYIIECTBICHUS 00J1a1al0Mero nMpu3HakaMu H300peTeHns crocoba
(mmu ero ATarnoB) B OTBET HA TaHHBIC, IPEIBSIBICHHBIC EMY.

BapuaHTBI OCYIIECTBICHUS! HACTOSIEr0 M300peTEeHUs MOTYT OBITh pealn30BaHBI B anlapaTHBIX CPEICT-
Bax, MUKPOTIIPOTPaMMHOM O0OECIIEUCHUH WIJIH MTPOTPaMMHOM O0ecCTiedeHUH, 100 KOMOWHAIIMEH TOTO W APYTroro
(Hampumep, B BUIE MPOTrPaMMHUPYEMON JIOTHIECKOH MaTpuibl). Ecim He yka3aH WHO# croco0 JelCcTBUM, alro-
PUTMEBI U TIPOLIECCHI, BKIFOYCHHBIC B COCTAB B KAYCCTBE YaCTH M300pETEHIS, IO CBOCH MpHUPOJE, HE UMEIOT OT-
HOIICHUS K KaKOMY OBl TO HU OBUTIO KOHKPETHOMY KOMITBIOTEpPY WIIM APYrOMY YCTPOUCTBY. B wacTHOCTH, pas-
JIMYHBIC MAIIUHBI O0IIEro MPUMEHEHHS MOTYT UCIIOIB30BATHCS C MPOTrpaMMaMH, HAITMCAHHBIMU B COOTBETCTBHH
C IOKTpUHAMH, TMPHUBEICHHBIMU B MaTepHaliaX HACTOSIIETO M300pPETCHUs, WIM MOXKET OBITh Oojiee ymoOHBIM
CKOHCTPYHPOBATh 0OJICE CICIUATU3UPOBAHHOE YCTPOWCTBO (HAIIPUMED, MHTETPANBHBIC CXCMBI) JUIS BBITIOTHE-
HUS TpeOyeMbIX 3TanoB crnocoda. Takum o0pazoM, n300peTeHre MOXKET OBITh peaM30BaHO B OJTHOM MM Ooliee
KOMIIBIOTEPHBIX IPOTPaMM, HCIIONHSIOMNXCS B OJHOW WK 0ojee MpOrpaMMUPYEMBIX KOMIBIOTEPHBIX CHCTEM
(Hammpumep, peam3anuu JJI000T0 U3 AIeMeHTOB 1o ¢ur. 1 v koauposmuka 100 mo ¢ur. 2 (wiu ero dIeMeHTa),
nm aekonepa 200 mo ¢wur. 3 (uaum ero snemMenTa), uiau aexojaepa 210 mo ¢ur. 4 (Wim ero 3yeMeHTa) WA TeKO-
nepa 400 mo ur. 5 (umu ero dIeMeHTa)), KakIas U3 KOTOPBIX COJEPIKUT TI0 MEHBIIIEH Mepe OJUH MPOIIeccop, Mo
MEHBIICH Mepe OJHy CHUCTEMY XpaHEHHWS MaHHBIX (B TOM dYHCJE, SHEPro3aBHCHMBIC WM HHEPrOHE3aBHCHUMBIC
JJIEMEHTHI MaMATH W/WIH 3alTOMHUHAIOIINE 3JICMEHTHI), IO MEHBIIEH Mepe OJHO YCTPOHCTBO HWIIU MOPT BBOJA H
MO MEHBIICH Mepe OJHO YCTPOHCTBO WIIM MOPT BBIBOJA. Y NIPABISIONIAS MIPOrpaMMa MPUMEHSICTCS K BXOJIHBIM
JAHHBIM JUTS. BBITIOJTHEHUST ()YHKIIMM, ONMMCAHHBIX B MaTepHaliaX HACTOSINEro W300peTeHus, U (HOpMUPYET BEI-
XOJHYI0 HHpOpManuio. BeixoqHas nuHbopMAIKs HATPABISICTCS B OJHO WIHM 0OJee YCTPOWCTB BBHIBOJA U3BECT-
HBIM 00pa3zoMm.

Kaxmass Takas mporpamMMa MOXKET OBITH pPEajM30BaHA HA JIFOOOM JKEIATCIHHOM KOMITBIOTEPHOM SI3BIKE
(BriTIOUas MalIMHHBIE, KOMIIOHOBOYHBIE HJIM BBHICOKOYPOBHEBBIC NPOLEAYPHBIC, JIOTHYECKHE WIH OOBEKTHO-
OPHUEHTUPOBAHHBIC S3BIKK MPOTPAMMHUPOBaHUs) 1T oOMeHa WH(pOopMaIe ¢ KOMITBIOTEPHOUM cucTeMoi. B mro-
60oM cirygae, S3bIK MOXKET OBITh KOMITMIIMPYEMBIM MITH HHTEPIIPETUPYEMBIM S3BIKOM.

Hanpumep, xorma peann3yroTcs MOCIeI0BATEIEHOCTIMI KOMaH I KOMITBIOTEPHOTO MIPOTPaMMHOTO oOecTre-
YeHHWs, pa3TUYHbIe (YHKIIMH U ATAITBl BAPHAHTOB OCYIIECTBICHUS N300pETEHISI MOTYT PEaTn30BBIBATHCS TTOCTIE-
JOBAaTEIFHOCTSMHI KOMaH MHOTOIIOTOYHOTO IPOTPaMMHOT0 00eCTIedeHNs, pabOTAIOIMMH Ha IPUTOJHBIX alla-
PaTHBIX CpeAcTBax NUGPOBOH 00pabOTKU CUTHANIOB, B KAKOM CIllydae, pa3lIMYHbIC YCTPOMCTBA, 3Tanbl U (QyHK-
[IUHM BAPHAHTOB OCYILIECCTBICHUS MOTYT COOTBETCTBOBATH MOPIKAM KOMAaH/I MPOTPAMMHOTO 00CCTICUCHHS.

Kaxmast Takasi KOMIOBIOTEpHAs MPOrpaMMa MPEIIOYTUTEIIEHO XPAHUTCS Ha WM 3arpyKaeTcs Ha 3aIlOMU-
HAOIMC HOCHUTENU WM B YCTPOMCTBO (HAampHMep, TBEPAOTECIBHYIO MAMSATh WM HOCUTEIH, JIMOO MarHUTHBIC
WIA ONTHYCCKHE HOCUTEIH), YUTACMBIC MPOTPAMMHUPYEMBIM KOMITBIOTEPOM OOIIEro MPUMEHCHHS WIIH CIICIH-
ANBHOTO Ha3HAYCHUS, JJIs KOHOUTYPUPOBAHUS U YIPABICHUS KOMITBIOTEPOM, KOTIa 3allOMUHAIOIINE HOCUTEIIN
WA YCTPOMCTBO CUUTHIBAIOTCS KOMITBIOTEPHOW CHCTEMOM, YTOOBI BBIOJIHATH IPOLEAYPHI, ONMCAHHBIC B MaTe-
puanax Hacrosmero uzooperenns. O0magaronas Mpu3HaKaMu N300PETEHHsI CHCTEMa TaKKe MOXKET OBITh peau-
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30BaHa B BHJC MAIIMHHO-YMTAEMOT0O 3aIIOMHUHAOINIETO HOCHUTEIS, CKOHOUTYPUPOBAHHOTO KOMITBIOTEPHOU TPO-
rpaMMO¥ (TO €CTh XPaHSIIETO KOMIBIOTEPHYIO HPOTrpaMMy), T/ie 3aOMUHAIONINN HOCHUTEINh, CKOH(PHUTYPUPO-
BaHHBIN TakuM 00pa3oM, moOyKIaeT KOMIBIOTEPHYIO CHCTEMY IEHCTBOBAaTh KOHKPETHBIM W IIPENOTPEIeICH-
HBIM 00pa3oM JUIA BHITOJMHEHHUS (DYHKIMN, OMFICAHHBIX B MaTepHaliaX HACTOSIIETO H300pETCHNUSI.

Bruto ommcano HEKOTOpoe KOJMYECTBO BAPHMAHTOB OCYIIECTBICHHSA M300peTeHHs. Tem He MeHee, Oyner
TIOHSATHO, YTO PAa3JINYHBIC MOIU(HUKAIINHA MOTYT OBITh IIPOU3BEICHBI, HE BRIXOAS U3 CYITHOCTH U 00beMa u3o0pe-
TeHUs. MHOTHE MOTU(UKAIINHA ¥ PAa3HOBUIHOCTH HACTOSIIETO M300pETCHHS BO3MOXKHBI B CBETE BBHIIICIIPHBE-
JIEHHBIX TOKTpuH. Hampumep, s Toro 4toOsl coneiicTBoBaTh 3 (HEeKTHBHBIM peann3anusiM, (a3oBBIE CIBUTH
MOTYT UCIIOJIb30BaThCsl B KOMOMHANIMCH ¢ rpeOcHKaMu (DPMITBTPOB PA3JIOKEHUSI CHTHAJIA M CHHTE3a CHI'HAJIa KOM-
wiekcHbIM K3®. ['pebenka GUIbTpOB pa3iiokeHUs CHTHAlla OTBETCTBEHHA 3a (MIIBTPALMIO CUTHANIA B MOJIOCE
HU3KHX 4aCTOT BPEMEHHOU 0O0JIACTH, C(POPMHUPOBAHHOTO OCHOBHEIM JICKOJICPOM, B MHOXKECTBO ITOIHANIA30HOB
(mampumep, noanuamna3onoB K3®). I'pebenka GUIbTpOB pa3iokeHUs] CUTHATA OTBETCTBCHHA 32 KOMOWHHPOBA-
HHUE BOCCTAHOBIICHHOM MOJOCHI BRICOKHAX YaCTOT, CO3AaHHOW MOCPEICTBOM BhIOpaHHOM TexHomoruu HFR (koto-
past ykazaHa NpHHATHIM HapameTpoM sbrPatchingMode), ¢ nexonupoBaHHON 1MOJIOCONW HU3KUX YACTOT, YTOOBI
CHHTE3UPOBATh IMIMPOKOTIOIOCHBIM BHIXOJHOW 3BYKOBOW CUTHAJN. JlaHHas peanuzanus rpeOeHKH (GUIBTPOB, pa-
OoTaromas B OIpeAeTICHHOM PEKUME YacTOTHI BEIOOPKH, HAIPHMEp, PEKUME HOPMAIFHOW paOOTHl Ha YIBOCH-
Ho gacToTe Wi SBR ¢ moHmkaromen AucKpeTu3amnuei, 0JHaKko, He JOHKHA UMETh (a30BbIX CIABUTOB, KOTOPHIE
3aBUCAT OT OuTOBOTO MOTOKA. ['pebenku K3®d, ncmons3yembie B SBR ABIAIOTCS paciiMpeHHEM CIIOKHON DKCITO-
HEHITMATBHON (YHKITUH TI0 TEOPHUU I'PeOSHOK (PHUIBTPOB C KOCUHYCOUIATHHOW MOAYJIIIHE. MoXkeT OBITh IOKa-
3aHO, YTO OTPAHWYCHUS MOJABIICHUS MAPa3UTHBIX CHUTHAJIOB CTAHOBSTCA YCTapEBIIUMH IPH PACIIHPEHUH Tpe-
OcHKHM (OUIBTPOB C KOCHHOCYHIAIBHOW MOIYJSAIMEH KOMIUICKCHON 3KCIOHCHIMANBLHOW Momyisiueld. Takum
o0pazoM, uto kacaercs rpedeHok n3 K3® SBR, kak GpuiabTpsl pasinoskeHus curaana, hi(n), Tak 1 GUILTPHI CHH-
Te3a curHana, fi(n), MOTyT OBITh OTIPEIEICHBI TOCPEICTBOM

h(n) = fi(n) = py(n) exp{i%(k + %)(n - g)]
, 0£n£N;0£k<M(l)
rze po (n) - BEIIECTBCHHO3HAYHBIA CHUMMETPHYHBIN WJIM HECUMMETPUIHBIN TPOTOTUITHBINA (GUIBTpP (TUIIIY-
HO, IPOTOTHITHBIA (DPUIBTP HIDKHHUX 4acTOT), M 0003HaYaeT KOJIMYCCTBO KaHAJOB, a N - MMOPSI0K MPOTOTUITHOTO
¢unpTpa. KonndecTBO KaHAIOB, HCIOJNB3YEMBIX B TPEOCHKE (QHIBTPOB Pa3lOKEHHUS CHUTHAJIA, MOXKET OBITh
WHBIM, YeM KOJINYECTBO KaHAJIOB, NCTIONB3YEMBIX B TpebeHke (GMIbTpOB CHHTE3a curHaia. Hampumep, rpebenka
GUITHTPOB pa3IoKEHH CUTHATIA MOYKET UMETh 32 KaHala, a TpeOeHKa QUIbTPOB CHHTE3a CUTHANIA MOYKET UMETh
64 xanama. [Ipu sxcrutyaranuu rpeOeHK GUIHTPOB CHHTE3a CUTHAJIOB B PEXKUME C TIOHHKAIOIICH AUCKPETH3a-
1uel, rpebeHka GUIIbTPOB CHHTE3a CUT'HAJIA MOYKET UMETh TOJbKO 32 kaHamna. [IoCKOIbKY OTCYETHI IO AraIa3o-
HOB W3 TPcOCHKU (DMIBTPOB SBISIOTCS KOMIUIEKCHO3HAYHBIMU, CTYICHb aJTUTHBHOTO BO3MOXXHO KaHAJIO3aBH-
CUMOTO (pa30BOTO CIBHra MOXKET OBITh J0OaBICHA K TpeOCHKE (PHIBTPOB Pa3IIOKEHUs CUTHANA. DTH JIOTOTHH-
TeNbHBIC ()a30BBIC CIBUTH HEOOXOIUMO KOMIICHCHPOBATH JO rpeOCHKH (DMIBTPOB CHHTE3a curHanma. HecmoTps
Ha TO, YTO 3JCMEHTHI (pa30BOTO CIBUTA B MPUHIIMIIC MOTYT OBITH MPOHM3BOJIBHBEIMY 3HAYCHUSMU, HE HAPYIIIA0-
IIMMHU paboTy ICTIOYKH PA3JIOKCHIS/CUHTE3a CUTHANA ¢ moMolnbio K3®, oHn Takke MOTyT OBITH OTpaHHYCHBI
OTIpENICIICHHBIMU 3HAYCHISIMU 1 KOHTPOJsS cooTBeTcTBUA. CurHanm SBR Oyner HaXoAWThCS MOJA BIHSHUEM
BbIOOpa (ha30BBIX MHOKUTENEH, B TO BpeMs KaK CUTHAJI HIKHHUX YacTOT, IPUXOIAIINNA U3 OCHOBHOTO JIEKONEpa,
He Oynet. KagecTBo 3ByKka BEIXOJHOTO CHT'HAJIa HE HAPYIIAETCS.
KoadhdunmenTsr mpoToTUITHOTO GMITETPA, Po(1), MOTYT OBITH OTpaHmdYeHbI HIHHON, L B 640, Kak moka3aHo
B TaOJI. 4, IpUBEICHHON HIKE.
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Tabiuma 4

n Po (n) n Po (n) n Po (n)

0 0,0000000000 214 0,0019765601 428 0,0117623832
1 -0,0005525286 215 -0,0032086896 429 0,0163701258
2 -0,0005617692 216 -0,0085711749 430 0,0207997072
3 -0,0004947518 |217 |-0,0141288827 | 431 0,0250307561
4 -0,0004875227 218 -0,0198834129 432 0,0290824006
5 -0,0004893791 219 -0,0258227288 433 0,0329583930
6 -0,0005040714 220 -0,0319531274 434 0,0366418116
7 -0,0005226564 221 -0,0382776572 435 0,0401458278
8 -0,0005466565 222 -0,0447806821 436 0,0434768782
9 -0,0005677802 223 -0,0514804176 437 0,0466303305
10 -0,0005870930 224 -0,0583705326 438 0,0495978676
11 -0,0006132747 225 -0,0654409853 439 0,0524093821
12 -0,0006312493 226 -0,0726943300 440 0,0550460034
13 -0,0006540333 227 -0,0801372934 441 0,0575152691
14 -0,0006777690 228 -0,0877547536 442 0,0598166570
15 -0,0006941614 |229 |-0,0955533352 |443 |[0,0619602779
16 -0,0007157736 230 -0,1035329531 444 0,0639444805
17 -0,0007255043 231 -0,1116826931 445 0,0657690668
18 -0,0007440941 232 -0,1200077984 446 0,0674525021
19 -0,0007490598 233 -0,1285002850 447 0,0689664013
20 -0,0007681371 234 -0,1371551761 448 0,0703533073
21 -0,0007724848 235 -0,1459766491 449 0,0715826364
22 -0,0007834332 236 -0,1549607071 450 0,0726774642
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23 -0,0007779869 237 -0,1640958855 451 0,0736406005
24 -0,0007803664 238 -0,1733808172 452 0,0744664394
25 -0,0007801449 239 -0,1828172548 453 0,0751576255
26 -0,0007757977 240 -0,1923966745 454 0,0757305756
27 -0,0007630793 241 -0,2021250176 455 0,0761748321
28 -0,0007530001 242 -0,2119735853 456 0,0765050718
29 -0,0007319357 243 -0,2219652696 457 0,0767204924
30 -0,0007215391 244 -0,2320690870 458 0,0768230011
31 -0,0006917937 245 -0,2423016884 459 0,0768173975
32 -0,0006650415 246 -0,2526480309 460 0,0767093490
33 -0,0006341594 247 -0,2631053299 461 0,0764992170
34 -0,0005946118 248 -0,2736634040 462 0,0761992479
35 -0,0005564576 249 -0,2843214189 463 0,0758008358
36 -0,0005145572 250 -0,2950716717 464 0,0753137336
37 -0,0004606325 251 -0,3059098575 465 0,0747452558
38 -0,0004095121 252 -0,3168278913 466 0,0741003642
39 -0,0003501175 253 -0,3278113727 467 0,0733620255
40 -0,0002896981 254 -0,3388722693 468 0,0725682583
41 -0,0002098337 255 -0,3499914122 469 0,0717002673
42 -0,0001446380 256 0,3611589903 470 0,0707628710
43 -0,0000617334 257 0,3723795546 471 0,0697630244
44 0,0000134949 258 0,3836350013 472 0,0687043828
45 0,0001094383 259 0,39492117¢61 473 0,0676075985
46 0,0002043017 260 0,4062317676 474 0,0664367512
47 0,0002949531 261 0,4175696896 475 0,0652247106
48 0,0004026540 262 0,4289119920 476 0,0639715898
49 0,0005107388 263 0,4402553754 4717 0,0626857808
50 0,0006239376 264 0,4515996535 478 0,0613455171
51 0,0007458025 265 0,4629308085 479 0,0599837480
52 0,0008608443 266 0,4742453214 480 0,0585915683
53 0,0009885988 267 0,4855253091 481 0,0571616450
54 0,0011250155 268 0,4967708254 482 0,0557173648
55 0,0012577884 269 0,5079817500 483 0,0542452768
56 0,0013902494 270 0,5191234970 484 0,0527630746
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57 0,0015443219 271 0,5302240895 485 0,0512556155
58 0,0016868083 272 0,5412553448 486 0,0497385755
59 0,0018348265 273 0,5522051258 487 0,0482165720
60 0,0019841140 274 0,5630789140 488 0,0466843027
61 0,0021461583 275 0,5738524131 489 0,0451488405
62 0,0023017254 276 0,5845403235 490 0,0436097542
63 0,0024625616 277 0,5951123086 491 0,0420649094
64 0,0026201758 278 0,6055783538 492 0,0405349170
65 0,0027870464 279 0,6159109932 493 0,0390053679
66 0,0029469447 280 0,6261242695 494 0,0374812850
67 0,0031125420 281 0,6361980107 495 0,0359697560
68 0,0032739613 282 0,6461269695 496 0,0344620948
69 0,0034418874 283 0,6559016302 497 0,0329754081
70 0,0036008268 284 0,6655139880 498 0,0315017608
71 0,0037603922 285 0,6749663190 499 0,0300502657
72 0,0039207432 286 0,6842353293 500 0,0286072173
73 0,0040819753 287 0,6933282376 501 0,0271859429
74 0,0042264269 288 0,7022388719 502 0,0257875847
75 0,0043730719 289 0,7109410426 503 0,0244160992
76 0,0045209852 290 0,7194462634 504 0,0230680169
77 0,0046606460 291 0,7277448900 505 0,0217467550
78 0,0047932560 292 0,7358211758 506 0,0204531793
79 0,0049137603 293 0,7436827863 507 0,0191872431
80 0,0050393022 294 0,7513137456 508 0,0179433381
81 0,0051407353 295 0,7587080760 509 0,0167324712
82 0,0052461166 296 0,7658674865 510 0,0155405553
83 0,0053471681 297 0,7727780881 511 0,0143904666
84 0,0054196775 298 0,7794287519 512 -0,0132718220
85 0,0054876040 299 0,7858353120 513 -0,0121849995
86 0,0055475714 300 0,7919735841 514 -0,0111315548
87 0,0055938023 301 0,7978466413 515 -0,0101150215
88 0,0056220643 302 0,8034485751 516 -0,0091325329
89 0,0056455196 303 0,8087695004 517 -0,0081798233
90 0,0056389199 304 0,8138191270 518 -0,0072615816
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91 0,0056266114 305 0,8185776004 519 -0,0063792293
92 0,0055917128 306 0,8230419890 520 -0,0055337211
93 0,0055404363 307 0,8272275347 521 -0,0047222596
94 0,0054753783 308 0,8311038457 522 -0,0039401124
95 0,0053838975 309 0,8346937361 523 -0,0031933778
96 0,0052715758 310 0,8379717337 524 -0,0024826723
97 0,0051382275 311 0,8409541392 525 -0,0018039472
98 0,0049839687 312 0,8436238281 526 -0,0011568135
99 0,0048109469 313 0,8459818469 527 -0,0005464280
100 0,0046039530 314 0,8480315777 528 0,0000276045
101 0,0043801861 315 0,8497805198 529 0,0005832264
102 0,0041251642 316 0,8511971524 530 0,0010902329
103 0,0038456408 317 0,8523047035 531 0,0015784682
104 0,003540124¢6 318 0,8531020949 532 0,0020274176
105 0,0032091885 319 0,8535720573 533 0,0024508540
106 0,0028446757 320 0,8537385600 534 0,0028446757
107 0,0024508540 321 0,8535720573 535 0,0032091885
108 0,0020274176 322 0,8531020949 536 0,003540124¢6
109 0,0015784682 323 0,8523047035 537 0,0038456408
110 0,0010902329 324 0,8511971524 538 0,0041251642
111 0,0005832264 325 0,8497805198 539 0,0043801861
112 0,0000276045 326 0,8480315777 540 0,0046039530
113 -0,0005464280 327 0,8459818469 541 0,0048109469
114 -0,0011568135 328 0,8436238281 542 0,0049839687
115 -0,0018039472 329 0,8409541392 543 0,0051382275
116 -0,0024826723 330 0,8379717337 544 0,0052715758
117 -0,0031933778 331 0,8346937361 545 0,0053838975
118 -0,0039401124 332 0,8311038457 546 0,0054753783
119 -0,0047222596 333 0,8272275347 547 0,0055404363
120 -0,0055337211 334 0,8230419890 548 0,0055917128
121 -0,0063792293 335 0,8185776004 549 0,0056266114
122 -0,0072615816 336 0,8138191270 550 0,0056389199
123 -0,0081798233 337 0,8087695004 551 0,0056455196
124 -0,0091325329 338 0,8034485751 552 0,0056220643
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125 -0,0101150215 339 0,7978466413 553 0,0055938023
126 -0,0111315548 340 0,7919735841 554 0,0055475714
127 -0,0121849995 341 0,7858353120 555 0,0054876040
128 0,0132718220 342 0,7794287519 556 0,0054196775
129 0,0143904666 343 0,7727780881 557 0,0053471681
130 0,0155405553 344 0,7658674865 558 0,0052461166
131 0,0167324712 345 0,7587080760 559 0,0051407353
132 0,0179433381 346 0,7513137456 560 0,0050393022
133 0,0191872431 347 0,7436827863 561 0,0049137603
134 0,0204531793 348 0,7358211758 562 0,0047932560
135 0,0217467550 349 0,7277448900 563 0,0046606460
136 0,0230680169 350 0,7194462634 564 0,0045209852
137 0,0244160992 351 0,7109410426 565 0,0043730719
138 0,0257875847 352 0,7022388719 566 0,0042264269
139 0,0271859429 353 0,6933282376 567 0,0040819753
140 0,0286072173 354 0,6842353293 568 0,0039207432
141 0,0300502657 355 0,6749663190 569 0,0037603922
142 0,0315017608 356 0,6655139880 570 0,0036008268
143 0,0329754081 357 0,6559016302 571 0,0034418874
144 0,0344620948 358 0,6461269695 572 0,0032739613
145 0,0359697560 359 0,6361980107 573 0,0031125420
146 0,0374812850 360 0,6261242695 574 0,0029469447
147 0,0390053679 361 0,6159109932 575 0,0027870464
148 0,0405349170 362 0,6055783538 576 0,0026201758
149 0,0420649094 363 0,5951123086 577 0,0024625616
150 0,0436097542 364 0,5845403235 578 0,0023017254
151 0,0451488405 365 0,5738524131 579 0,0021461583
152 0,0466843027 366 0,5630789140 580 0,0019841140
153 0,0482165720 367 0,5522051258 581 0,0018348265
154 0,0497385755 368 0,5412553448 582 0,0016868083
155 0,0512556155 369 0,5302240895 583 0,0015443219
156 0,0527630746 370 0,5191234970 584 0,0013902494
157 0,0542452768 371 0,5079817500 585 0,0012577884
158 0,0557173648 372 0,4967708254 586 0,0011250155
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159 0,0571616450 373 0,4855253091 587 0,0009885988

160 0,0585915683 374 0,4742453214 588 0,0008608443

lel 0,0599837480 375 0,4629308085 589 0,0007458025

162 0,0613455171 376 0,4515996535 590 0,0006239376

163 0,0626857808 377 0,4402553754 591 0,0005107388

164 0,0639715898 378 0,4289119920 592 0,0004026540

165 0,0652247106 379 0,4175696896 593 0,0002949531

166 0,0664367512 380 0,4062317676 594 0,0002043017

167 0,0676075985 381 0,3949211761 595 0,0001094383

168 0,0687043828 382 0,3836350013 596 0,0000134949

169 0,0697630244 383 0,372379554¢6 597 -0,0000617334
170 0,0707628710 384 -0,3611589903 598 -0,0001446380
171 0,0717002673 385 -0,3499914122 599 -0,0002098337
172 0,0725682583 386 -0,3388722693 600 -0,0002896981
173 0,0733620255 387 -0,3278113727 601 -0,0003501175
174 0,0741003642 388 -0,3168278913 602 -0,0004095121
175 0,0747452558 389 -0,3059098575 603 -0,0004606325
176 0,0753137336 390 -0,2950716717 604 -0,0005145572
177 0,0758008358 391 -0,2843214189 605 -0,0005564576
178 0,0761992479 392 -0,2736634040 606 -0,0005946118
179 0,0764992170 393 -0,2631053299 607 -0,0006341594
180 0,0767093490 394 -0,2526480309 608 -0,0006650415
181 0,0768173975 395 -0,2423016884 609 -0,0006917937
182 0,0768230011 396 -0,2320690870 610 -0,0007215391
183 0,0767204924 397 -0,2219652696 611 -0,0007319357
184 0,0765050718 398 -0,2119735853 612 -0,0007530001
185 0,0761748321 399 -0,2021250176 613 -0,0007630793
186 0,0757305756 400 -0,1923966745 614 -0,0007757977
187 0,0751576255 401 -0,1828172548 615 -0,0007801449
188 0,0744664394 402 -0,1733808172 616 -0,0007803664
189 0,0736406005 403 -0,1640958855 617 -0,0007779869
190 0,0726774642 404 -0,1549607071 618 -0,0007834332
191 0,0715826364 405 -0,1459766491 619 -0,0007724848
192 0,0703533073 406 -0,1371551761 620 -0,0007681371
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193 0,0689664013 407 -0,1285002850 621 -0,0007490598
194 0,0674525021 408 -0,1200077984 622 -0,0007440941
195 0,0657690668 409 -0,1116826931 623 -0,0007255043
196 0,0639444805 410 -0,1035329531 624 -0,0007157736
197 0,0619602779 411 -0,0955533352 625 -0,0006941614
198 0,0598166570 412 -0,0877547536 626 -0,0006777690
199 0,0575152691 413 -0,0801372934 627 -0,0006540333
200 0,0550460034 414 -0,0726943300 628 -0,0006312493
201 0,0524093821 415 -0,0654409853 629 -0,0006132747
202 0,0495978676 416 -0,0583705326 630 -0,0005870930
203 0,0466303305 417 -0,0514804176 631 -0,0005677802
204 0,0434768782 418 -0,0447806821 632 -0,0005466565
205 0,0401458278 419 -0,0382776572 633 -0,0005226564
206 0,0366418116 420 -0,0319531274 634 -0,0005040714
207 0,0329583930 421 -0,0258227288 635 -0,0004893791
208 0,0290824006 422 -0,0198834129 636 -0,0004875227
209 0,0250307561 423 -0,0141288827 637 -0,0004947518
210 0,0207997072 424 -0,0085711749 638 -0,0005617692
211 0,0163701258 425 -0,0032086896 639 -0,0005525280
212 0,0117623832 426 0,0019765601

213 0,0069636862 427 0,0069636862

[IporoTumabIil GUIBTP, Po(n), TAKKE MOXKET OBITh BBIBEICH M3 TAaOIHUIIBI 4 TIOCPEICTBOM OTHOW W OoJiee
MaTeMaTHYeCKHX OIepalunii, TAKUX KaK OKpyIJIEHHE, OHIKAMOMIAs JUCKPETU3AIINs, HHTEPIOSIHS W TIpope-
JKHBaHHE.

[TonsTHO, 4TO, B TIpenenax oobeMa npuiaraeMoi GopMyIsl H300pETeHHSI, N300PETEHHE MOXKET OBITh OCY-
IIECTBJICHO HA MPAKTHKE MHBIM 00pa3oM, 4eM KOHKPETHO OIMCAHHBINH B MaTepHaiax HACTOS’IIEro H300peTeHHSI.
JIroOble HOMepa CCBHIJIOK, COAEpIKaluecs: B HIDKecaeaylomeil GpopMyie n3o0peTeHus], npegHasHaueHbl TOJIBKO
JUTSL WUTFOCTPATUBHBIX IEJICH U HUKOUM 00pa30M HE JOJDKHBI UCTIONB30BaTHCS I TOJKOBAHUS WM OrpaHHYC-
HUS GOPMYJIIBI H300pETCHHSI.

OOPMVIIA U30BPETEHUA

1. Cnoco6 [uist TeKOMPOBAHUS KOAUPOBAHHOTO 3BYKOBOT'O OMTOBOTO MOTOKA, CIIOCOO COACPKUT dTAITbI, Ha
KOTOPBIX

TIPUHUMAIOT KOJUPOBAaHHBIN 3BYKOBOW OUTOBBIM MOTOK, KOAMPOBAHHBIN 3BYKOBO OHUTOBBIN MOTOK BKIIIO-
yaeT B ce0s 3BYKOBBIE JaHHBIC, MTPEACTABIIAIOIINE COO0M YacTh MOJIOCH HU3KMUX YacTOT 3BYKOBOTO CHUTHAJA, IPH
9TOM KOJUPOBAHHBIA 3BYKOBOW OWUTOBEIM MOTOK TAKXKE BKIFOYACT B CeOs 3JICMEHT 3alOJHCHUS C WACHTHU(HKA-
TOPOM, YKa3bIBAIOIIMM HAYAJIO HJIEMEHTA 3allOJHCHUS, U JAHHBIMU 3aTI0THEHUS MOCIe HICHTU(UKATOPA;

JIEKOTUPYIOT 3BYKOBEIC JaHHBIC U1 (POPMUPOBAHUS ICKOJAUPOBAHHOTO 3BYKOBOI'O CHTHAJA B MOJOCE HU3-
KHX 4acToT;

M3BIICKAIOT M3 KOJUPOBAHHOTO 3BYKOBOTO OHMTOBOTO MOTOKA METaJaHHBIC PEKOHCTPYKIIMH BBHICOKHUX Yac-
TOT, METAJJaHHbIC PEKOHCTPYKIIUH BBICOKHX YaCTOT BKIIOYAIOT B ce0s paboume mapaMeTphl TS Ipolecca pe-
KOHCTPYKIIMH BBICOKHX YaCTOT, KOTOPBIA JHHEHHO MpeoOpa3yeT MOCIe0BaTeIbHOE YHCIO MOIANANa30HoB U3
YaCTH IOJIOCH HU3KUX YaCTOT 3BYKOBOTO CHTHAJA B 9aCTh ITOJIOCHI BRICOKHX YacTOT 3BYKOBOTO CHTHAJIA;

GWIBTPYIOT IEKOAMPOBAHHBIN 3BYKOBOW CHT'HAJ B IIOJIOCE HU3KUX YacTOT TpeOeHKOH (QHIBTPOB pa3ioxkKe-
HUS CUTHAJNA U1 GOPMHUPOBAHUS QIIBTPOBAHHOTO 3BYKOBOTO CHTHAJIA B ITOJIOCE HU3KUX YacTOT;

M3BJICKAIOT U3 KOJUPOBAHHOTO 3BYKOBOTO OMTOBOTO TIOTOKA IAapaMeTp, YKa3hIBAIOIINI HCIOIb30BaTh WM
HET aJaNTUBHYIO IO OTHOIICHHIO K CUTHATY MEPEIUCKPETU3AIMH YaCTOTHYIO 001aCTh;

U3BIICKAIOT W3 KOJUPOBAHHOTO 3BYKOBOTO OHWTOBOTO TOTOKA (DIIAKKOBBHIM yKa3aTeib, YKa3bIBAIOIIWH,
JIOJDKHBI JTU BBITIOJTHATHCS HaJl 3BYKOBBIMU JTAHHBIMH JIMHEHHOE TPEOOpa30BaHKUE HIIM TapMOHHYCCKAsl TPAHCIIO-
3UIAS;

BOCCTaHABJIMBAIOT YaCTh MOJOCHI BRICOKHX YaCTOT 3BYKOBOI'O CHTHAJA C MCIIOJIB30BaHUEM (DHITBTPOBAHHO-
rO 3BYKOBOTO CHTHAJa B TOJOCE HU3KHX YaCTOT U METaJIaHHBIX PEKOHCTPYKIIMU BBICOKHX YacTOT B COOTBETCT-
BUU C (DITaKKOBBIM yKa3aTeneM; 1

KOMOWHUPYIOT (MIBTPOBAHHBIN 3BYKOBOW CHTHAJl B IMOJOCE HU3KHMX YacTOT M BOCCTAHOBIICHHYIO YacTh
MIOJIOCHI BEICOKUX YaCTOT 7SI POPMHUPOBAHHS ITMPOKOIOJIOCHOTO 3BYKOBOTO CHTHAJIA,

pu 3ToM rpebeHka (GUIBTPOB PAIOKEHHUS CHUTHANIA BKIIOYAET B ce0s (MIBTPHI Pa3IONKCHHS CUTHAIIA,
hy(n), KOTOpBIE ABIAIOTCS MOAYTHPOBAHHBIMU BapHUAHTAMHU MTPOTOTHITHOTO (GHIIBTPA, Po(N), COTIACHO

-25-



R (n) = po(n) exp[i%(k + %)(n - 2]]
, 0=nsN0<k<M
r7ie po(n) - BEMECTBEHHO3HAYHBI CUMMETPUIHBINA MITH HECUMMETPUIHBIA TIPOTOTUITHBIA GUILTP, M - KO-
JIMYECTBO KaHAJIOB B TpeOCHKE (DHIBTPOB Pa3lIOKECHUS cuTHaia, a N - IOPsA0K IMPOTOTHITHOTO (HIIBTpa.
2. Cnoco6 mno 1.1, B KOTOpOM MeTa/laHHbIe PEKOHCTPYKIIMH BBICOKHX YacTOT BKJIIOYAIOT B ceOs paboumii
napameTp, BBIOpAaHHBIH M3 TPYIIIBI, COCTOSIIIEH M3 MaclITaOHBIX KOI((HUIMEHTOB Orudaromel, MacuTaOHBIX
K03((PUINEHTOB YPOBHSI COOCTBEHHBIX ITYMOB, HH(HOPMALIUK O CHHYCOUIAILHOM JOIIOJHEHUH, HHPOPMAIUU O
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BpeMH/‘-IaCTOTHOﬁ CCTKEC, YaCTOThI PA3ACIICHUA U PEIKUMaA 06paTH01>i q)HHLTpaIII/II/I.

3. Cnoco6 no mn.1, B KoTopoM NpOTOTHITHEIN (QuibTp, pO(n), BEIBOAUTCS U3 KOIPPHUIIMEHTOB O Tabm. 4,

MpeACTaBICHHON HIDKE:

N po (1) N Po (1) n Po (n)

0 0.0000000000 214 0.0019765601 428 0.0117623832
1 -0.0005525286 215 | -0.0032086896 | 429 0.0163701258
2 -0.0005617692 216 | -0.0085711749 | 430 0.0207997072
3 -0.0004947518 217 | -0.0141288827 431 0.0250307561
4 -0.0004875227 218 | -0.0198834129 | 432 0.0290824006
5 -0.0004893791 219 | -0.0258227288 433 0.0329583930
6 -0.0005040714 220 | -0.0319531274 434 0.0366418116
7 -0.0005226564 221 | -0.0382776572 435 0.0401458278
8 -0.0005466565 222 | -0.0447806821 436 0.0434768782
9 -0.0005677802 223 | -0.0514804176 | 437 0.0466303305
10 | -0.0005870930 224 | -0.0583705326 | 438 0.0495978676
11 | -0.0006132747 225 | -0.0654409853 | 439 0.0524093821
12 | -0.0006312493 226 | -0.0726943300 | 440 0.0550460034
13 | -0.0006540333 227 | -0.0801372934 441 0.0575152691
14 | -0.0006777690 228 | -0.0877547536 | 442 0.0598166570
15 | -0.0006941614 229 | -0.0955533352 443 0.0619602779
16 | -0.0007157736 230 | -0.1035329531 444 0.0639444805
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17 -0.0007255043 231 -0.1116826931 445 0.0657690668
18 -0.0007440941 232 -0.1200077984 446 0.0674525021
19 -0.0007490598 233 -0.1285002850 447 0.0689664013
20 -0.0007681371 234 -0.1371551761 448 0.0703533073
21 -0.0007724848 235 -0.1459766491 449 0.0715826364
22 -0.0007834332 236 -0.1549607071 450 0.0726774642
23 -0.0007779869 237 -0.1640958855 451 0.0736406005
24 -0.0007803664 238 -0.1733808172 452 0.0744664394
25 -0.0007801449 239 -0.1828172548 453 0.0751576255
26 -0.0007757977 240 -0.1923966745 454 0.0757305756
27 -0.0007630793 241 -0.2021250176 455 0.0761748321
28 -0.0007530001 242 -0.2119735853 456 0.0765050718
29 -0.0007319357 243 -0.2219652696 457 0.0767204924
30 -0.0007215391 244 -0.2320690870 458 0.0768230011
31 -0.0006917937 245 -0.2423016884 459 0.0768173975
32 -0.0006650415 246 -0.2526480309 460 0.0767093490
33 -0.0006341594 247 -0.2631053299 461 0.0764992170
34 -0.000594¢6118 248 -0.2736634040 462 0.0761992479
35 -0.0005564576 249 -0.2843214189 463 0.0758008358
36 -0.0005145572 250 -0.2950716717 464 0.075313733¢6
37 -0.0004606325 251 -0.3059098575 465 0.0747452558
38 -0.0004095121 252 -0.3168278913 466 0.0741003642
39 -0.0003501175 253 -0.3278113727 467 0.0733620255
40 -0.0002896981 254 -0.3388722693 468 0.0725682583
41 -0.0002098337 255 -0.3499914122 469 0.0717002673
42 -0.0001446380 256 0.3611589903 470 0.0707628710
43 -0.0000617334 257 0.3723795546 471 0.0697630244
44 0.0000134949 258 0.3836350013 472 0.0687043828
45 0.0001094383 259 0.3949211761 473 0.0676075985
46 0.0002043017 260 0.4062317676 474 0.0664367512
47 0.0002249531 261 0.4175696896 475 0.0652247106
48 0.0004026540 262 0.4289119920 476 0.0639715898
49 0.0005107388 263 0.4402553754 4717 0.0626857808
50 0.0006239376 264 0.4515996535 478 0.0613455171
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51 0.0007458025 265 0.4629308085 479 0.0599837480
52 0.0008608443 266 0.4742453214 480 0.0585915683
53 0.0009885988 267 0.4855253091 481 0.0571616450
54 0.0011250155 268 0.4967708254 482 0.0557173648
55 0.0012577884 269 0.5079817500 483 0.0542452768
56 0.0013902494 270 0.5191234970 484 0.052763074¢6
57 0.0015443219 271 0.5302240895 485 0.0512556155
58 0.0016868083 272 0.5412553448 486 0.0497385755
59 0.0018348265 273 0.5522051258 487 0.0482165720
60 0.0019841140 274 0.5630789140 488 0.0466843027
61 0.0021461583 275 0.5738524131 489 0.0451488405
62 0.0023017254 276 0.5845403235 490 0.0436097542
63 0.0024625616 277 0.5951123086 491 0.0420649094
64 0.0026201758 278 0.6055783538 492 0.0405349170
65 0.0027870464 279 0.6159109932 493 0.0390053679
66 0.0029469447 280 0.6261242695 494 0.0374812850
67 0.0031125420 281 0.6361980107 495 0.0359697560
68 0.0032739613 282 0.6461269695 496 0.0344620948
69 0.0034418874 283 0.6559016302 497 0.0329754081
70 0.00360082¢68 284 0.6655139880 498 0.0315017608
71 0.0037603922 285 0.6749663190 499 0.0300502657
72 0.0039207432 286 0.6842353293 500 0.0286072173
73 0.0040819753 287 0.6933282376 501 0.0271859429
74 0.0042264269 288 0.7022388719 502 0.0257875847
75 0.0043730719 289 0.710941042¢6 503 0.0244160292
76 0.0045209852 290 0.7194462634 504 0.0230680169
77 0.0046606460 291 0.7277448900 505 0.0217467550
78 0.0047932560 292 0.7358211758 506 0.0204531793
79 0.0049137603 293 0.7436827863 507 0.0191872431
80 0.0050393022 294 0.751313745¢6 508 0.0179433381
81 0.0051407353 295 0.7587080760 509 0.0167324712
82 0.0052461166 296 0.7658674865 510 0.0155405553
83 0.0053471681 297 0.7727780881 511 0.0143904666
84 0.0054196775 298 0.7794287519 512 -0.0132718220
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85 0.0054876040 299 0.7858353120 513 -0.0121849995
86 0.0055475714 300 0.7919735841 514 -0.0111315548
87 0.0055938023 301 0.7978466413 515 -0.0101150215
88 0.0056220643 302 0.8034485751 516 -0.0091325329
89 0.005645519¢6 303 0.8087695004 517 -0.0081798233
90 0.0056389199 304 0.8138191270 518 -0.0072615816
91 0.0056266114 305 0.8185776004 519 -0.0063792293
92 0.0055917128 306 0.8230419890 520 -0.0055337211
93 0.0055404363 307 0.8272275347 521 -0.0047222596
94 0.0054753783 308 0.8311038457 522 -0.0039401124
95 0.0053838975 309 0.8346937361 523 -0.0031933778
96 0.0052715758 310 0.8379717337 524 -0.0024826723
97 0.0051382275 311 0.8409541392 525 -0.0018039472
98 0.0049839687 312 0.8436238281 526 -0.0011568135
99 0.0048109469 313 0.8459818469 527 -0.0005464280
100 0.0046039530 314 0.8480315777 528 0.0000276045
101 0.0043801861 315 0.8497805198 529 0.0005832264
102 0.0041251642 316 0.8511971524 530 0.0010902329
103 0.0038456408 317 0.8523047035 531 0.0015784682
104 0.003540124¢6 318 0.8531020949 532 0.0020274176
105 0.0032091885 319 0.8535720573 533 0.0024508540
106 0.0028446757 320 0.8537385600 534 0.0028446757
107 0.0024508540 321 0.8535720573 535 0.0032091885
108 0.0020274176 322 0.8531020949 536 0.0035401246
109 0.0015784682 323 0.8523047035 537 0.0038456408
110 0.0010902329 324 0.8511971524 538 0.0041251642
111 0.00058322¢64 325 0.8497805198 539 0.0043801861
112 0.0000276045 326 0.8480315777 540 0.0046039530
113 | -0.0005464280 327 0.8459818469 541 0.0048109469
114| -0.0011568135 328 0.8436238281 542 0.0049839687
115| -0.0018039472 329 0.8409541392 543 0.0051382275
116 | -0.0024826723 330 0.8379717337 544 0.0052715758
117 -0.0031933778 331 0.8346937361 545 0.0053838975
118 -0.0039401124 332 0.8311038457 546 0.0054753783

-29.-




040874

119| -0.0047222596 333 0.8272275347 547 0.0055404363
120 | -0.0055337211 334 0.8230419890 548 0.0055917128
121 | -0.0063792293 335 0.8185776004 549 0.0056266114
122 | -0.0072615816 336 0.8138191270 550 0.0056389199
123 | -0.0081798233 337 0.8087695004 551 0.005645519¢6
124 | -0.0091325329 338 0.8034485751 552 0.0056220643
125| -0.0101150215 339 0.7978466413 553 0.0055938023
126 | -0.0111315548 340 0.7919735841 554 0.0055475714
127 | -0.0121849995 341 0.7858353120 555 0.0054876040
128 0.0132718220 342 0.7794287519 556 0.0054196775
129 0.0143904666 343 0.7727780881 557 0.0053471681
130 0.0155405553 344 0.7658674865 558 0.0052461166
131 0.0167324712 345 0.7587080760 559 0.0051407353
132 0.0179433381 346 0.7513137456 560 0.0050393022
133 0.0191872431 347 0.7436827863 561 0.0049137603
134 0.0204531793 348 0.7358211758 562 0.0047232560
135 0.0217467550 349 0.7277448900 563 0.0046606460
136 0.0230680169 350 0.7194462634 564 0.0045209852
137 0.0244160992 351 0.710941042¢6 565 0.0043730719
138 0.0257875847 352 0.7022388719 566 0.0042264269
139 0.0271859429 353 0.6933282376 567 0.0040819753
140 0.0286072173 354 0.6842353293 568 0.0039207432
141 0.0300502657 355 0.6749663190 569 0.0037603922
142 0.0315017608 356 0.6655139880 570 0.0036008268
143 0.0329754081 357 0.6559016302 571 0.0034418874
144 0.0344620948 358 0.6461269695 572 0.0032739613
145 0.0359697560 359 0.6361280107 573 0.0031125420
146 0.0374812850 360 0.6261242695 574 0.0029469447
147 0.0390053679 361 0.6159109932 575 0.0027870464
148 0.0405349170 362 0.6055783538 576 0.0026201758
149 0.0420649094 363 0.5951123086 5717 0.0024625616
150 0.0436097542 364 0.5845403235 578 0.0023017254
151 0.0451488405 365 0.5738524131 579 0.0021461583
152 0.0466843027 366 0.5630789140 580 0.0019841140
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153 0.0482165720 367 0.5522051258 581 0.0018348265
154 0.0497385755 368 0.5412553448 582 0.0016868083
155 0.0512556155 369 0.5302240895 583 0.0015443219
156 0.0527630746 370 0.5191234970 584 0.0013902494
157 0.05424527¢8 371 0.5079817500 585 0.0012577884
158 0.0557173648 372 0.4967708254 586 0.0011250155
159 0.0571616450 373 0.4855253091 587 0.0009885988
160 0.0585915683 374 0.4742453214 588 0.0008608443
161 0.0599837480 375 0.4629308085 589 0.0007458025
162 0.0613455171 376 0.4515996535 590 0.0006239376
163 0.0626857808 377 0.4402553754 591 0.0005107388
164 0.0639715898 378 0.4289119920 592 0.0004026540
165 0.0652247106 379 0.417569689¢6 593 0.0002249531
166 0.0664367512 380 0.4062317676 594 0.0002043017
167 0.0676075985 381 0.39492117¢1 595 0.0001094383
168 0.0687043828 382 0.3836350013 596 0.0000134949
169 0.0697630244 383 0.372379554¢6 597 -0.0000617334
170 0.0707628710 384 -0.3611589903 598 -0.0001446380
171 0.0717002673 385 -0.3499914122 599 -0.0002098337
172 0.0725682583 386 -0.3388722693 600 -0.0002896981
173 0.0733620255 387 -0.3278113727 601 -0.0003501175
174 0.0741003642 388 -0.3168278913 602 -0.0004095121
175 0.0747452558 389 -0.3059098575 603 -0.0004606325
176 0.0753137336 390 -0.2950716717 604 -0.0005145572
177 0.0758008358 391 -0.2843214189 605 -0.000556457¢6
178 0.0761992479 392 -0.2736634040 606 -0.0005946118
179 0.0764992170 393 -0.2631053299 607 -0.0006341594
180 0.0767093490 394 -0.2526480309 608 -0.0006650415
181 0.0768173975 395 -0.2423016884 609 -0.0006917937
182 0.0768230011 396 -0.2320690870 610 -0.0007215391
183 0.0767204924 397 -0.2219652696 611 -0.0007319357
184 0.0765050718 398 -0.2119735853 612 -0.0007530001
185 0.0761748321 399 -0.2021250176 613 -0.0007630793
186 0.0757305756 400 -0.1923966745 614 -0.0007757977
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187 0.0751576255 401 -0.1828172548 615 -0.0007801449
188 0.0744664394 402 -0.1733808172 616 -0.0007803664
189 0.0736406005 403 -0.1640958855 617 -0.0007779869
190 0.0726774642 404 -0.1549607071 618 -0.0007834332
191 0.0715826364 405 -0.1459766491 619 -0.0007724848
192 0.0703533073 406 -0.1371551761 620 -0.0007681371
193 0.0689664013 407 -0.1285002850 621 -0.0007490598
194 0.0674525021 408 -0.1200077984 622 -0.0007440941
195 0.0657690668 409 -0.1116826931 623 -0.0007255043
196 0.0639444805 410 -0.1035329531 624 -0.0007157736
197 0.0619602779 411 -0.0955533352 625 -0.0006941614
198 0.0598166570 412 -0.0877547536 626 -0.0006777690
199 0.0575152691 413 -0.0801372934 627 -0.0006540333
200 0.0550460034 414 -0.0726943300 628 -0.0006312493
201 0.0524093821 415 -0.0654409853 629 -0.0006132747
202 0.0495978676 416 -0.058370532¢6 630 -0.0005870930
203 0.0466303305 417 -0.051480417¢6 631 -0.0005677802
204 0.0434768782 418 -0.0447806821 632 -0.0005466565
205 0.0401458278 419 -0.0382776572 633 -0.00052265¢64
206 0.0366418116 420 -0.0319531274 634 -0.0005040714
207 0.0329583930 421 -0.0258227288 635 -0.0004893791
208 0.0290824006 422 -0.0198834129 636 -0.0004875227
209 0.0250307561 423 -0.0141288827 637 -0.0004947518
210 0.0207297072 424 -0.0085711749 638 -0.0005617692
211 0.0163701258 425 -0.0032086896 639 -0.0005525280
212 0.0117623832 426 0.0019765601

213 0.0069636862 427 0.0069636862

4. Cnoco6 1o 1.3, B KOTOPOM NMPOTOTUIHEIH (GHIIBTP, Po(1), BEIBOAUTCS U3 KOG PHUIMEHTOB MO Tabu. 4 no-
CpPE/ACTBOM OJHOM MM OoJiee MaTeMaTHYECKUX OIepanunii, BRIOPaHHBIX U3 TPYHIIBI, COCTOSIICH U3 OKpYTJICHNS,
MOHIDKAIOUIEH TUCKPETH3AIH, HHTEPIIOJSIIMN HIIH TIPOPEKUBAHUS.

5. JlonroBpeMEHHbIH MallMHHO-YNTAEMbIil HOCUTENb, COJAECP)KAIINI KOMaHIbl, KOTOpPBIE, KOT/la MCIOJIHS-
I0TCSI TIPOLIECCOPOM, MOOYKIAIOT €T0 BBIIOJIHATH CII0c00 110 1. 1.

6. Jlexonep st IeKOAUPOBAHUS KOAWPOBAHHOTO 3BYKOBOTO OMTOBOTO MOTOKA, JIEKO/IEP COIAEPIKUT

BXOJIHOUM mHTepdeic s mpruemMa KOANPOBAHHOTO 3BYKOBOTO OMTOBOTO MOTOKA, KOJWPOBAHHBIN 3BYKOBOMH
OWTOBBIN MOTOK BKIIFOYAET B ce0sl 3BYKOBBIC JaHHBIC, TPEACTABIIONINE COO0I 9acTh MOJOCH HU3KUX YacTOT
3BYKOBOTO CHTHAJI,

IIPH ATOM KOJWPOBAHHEIN 3BYKOBOH OMTOBBIN IOTOK TaK)Ke BKIIOYAET B CE0S JIEMEHT 3aIllOJIHEHUS C
UACHTH()HUKATOPOM, YKA3BIBAIONIMM HAYajlo 3JIEMEHTA 3allOJIHEHUS, W JaHHBIMHU 3aI0JHEHHUS IOCTe WACHTHU-
¢ukaTopa;

OCHOBHOH JIEKO/Ep JUI IEKOAMPOBAHHUS 3BYKOBBIX JaHHBIX Ul (POPMHUPOBAHHUS JIEKOAUPOBAHHOTO 3BYKO-
BOT'O CHT'HAJIA B M0JIOCE HU3KHUX YacTOT;

CHUHTaKCHYECKUIl aHAIM3aTop IS M3BJICUCHHS, U3 KOJUPOBAHHOTO 3BYKOBOTO OMTOBOTO ITIOTOKA, METaIaH-
HBIX PEKOHCTPYKLMH BBICOKHUX YacTOT, METaJaHHbIC PEKOHCTPYKIMU BBHICOKMX YAacTOT BKIIIOYAIOT B ceOst pabo-
YKe mapaMeTpsl Ui TIpoliecca PeKOHCTPYKIMM BBICOKMX 4acTOT, KOTOPHIM JIMHEHHO mpeolpasyeT mocienoBa-
TEJNBHOE YMCIIO TIOAINANa30HOB M3 YaCTH MOJOCH HU3KMX YacTOT 3BYKOBOTO CHTHAJIa B YacTb ITOJIOCHI BRICOKUX
4acTOT 3BYKOBOTO CHTHAJIA;

rpebeHKy (QUIBTPOB Pa3l0oKeHUS CHTHANA U (GHIBTPAMK JAEKOAMPOBAHHOTO 3BYKOBOTO CHTHAaja B IIO-
JI0Ce HU3KHX YacTOT, YTOOBI (hopMUpOBaTh (PHIETPOBAHHBIIM 3BYKOBOHM CUTHAN B TIOJIOCE HU3KHX YacTOT;

CHHTaKCHYECKUH aHANIN3aToOp VI W3BJICYCHUS M3 KOAUPOBAHHOTO 3BYKOBOTO OMTOBOTO ITOTOKA (PIIAKKOBOTO
yKa3arelsl, yKa3bIBaOIIETO, JOJDKHBI JIM BBIIOJTHATHCS HAJ 3BYKOBBIMH JAHHBIMHU JIMHEHHOE MPeoOpa30BaHUE I
rapMOHHMYECKast TPAHCTIO3UIIMS, IPH 3TOM JJaHHbIE 3aII0JTHEHUS] BKIIIOYAIOT B ce0s1 (DI1aKKOBBIN yKa3aTelb;

BOCCTaHOBHTEIb BBICOKMX YacTOT ISl BOCCTAHOBJICHUS YaCTH IOJIOCH! BEICOKHX YacTOT 3BYKOBOTO CHTHA-
Jla C UCTIOJIb30BaHHEM (PHUIIBTPOBAHHOTO 3BYKOBOTO CHTHAJIAa B MOJIOCE HU3KHX YacTOT M METaIaHHBIX PEKOHCT-
PYKLHUH BBICOKHX 9aCTOT B COOTBETCTBHH C ()IIAXKKOBBIM YKa3aTeseM; U

rpeOeHKY QHUIBTPOB CHHTE3a CHI'HANA JUII KOMOMHUPOBAaHUS (PHIBTPOBAHHOTO 3BYKOBOTO CHTHAJIA B MOJIO-
C€ HU3KHUX 9aCTOT M BOCCTAHOBJICHHOW YACTH MOJOCHI BBICOKMX YacTOT I (POPMHUPOBAHUS IIMPOKOIIOIOCHOTO
3BYKOBOTO CHTHAJI,

pu 3ToM rpebeHka (GUIBTPOB PA3NIOKEHHUS CHUTHAJIA BKIIOYAET B ce0s (MIBTPHI Pa3IokKESHHs CHUTHAJIA,
hy(n), KOTOpBIE ABIAIOTCS MOAYTHPOBAHHBIMU BapUAHTAMHU MTPOTOTHUITHOTO (GHIIBTPA, Po(N), COTIACHO
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T 1 N
hi(n) = py(n) exp iﬁ(k + i)(n - E)
0<nsN,0<sk<M

/i€ po(n) - BEMECTBEHHO3HAYHBI CUMMETPUIHBINA MITH HECUMMETPUIHBIA TIPOTOTUITHBIA QUILTP, M - KO-
JIMYECTBO KaHAJIOB B TpeOCHKE (DHIBTPOB Pa3lIOKECHUS cuTHaia, a N - IOPsA0K IMPOTOTHITHOTO (HIIBTpa.

7. dexonep 1o 1.6, B KOTOPOM METaJlaHHbIe PEKOHCTPYKIMH BBICOKMX YaCTOT BKIIIOYAIOT B ce0st paboumii
napameTp, BBIOpAaHHBIH M3 TPYIIIBI, COCTOSIIIEH M3 MaclITaOHBIX KOI((HUIMEHTOB Orudaromel, MacuTaOHBIX
K03((PUINEHTOB YPOBHS COOCTBEHHBIX ITYMOB, HH(YOPMALIUK O CHHYCOUIAILHOM JOIIOJHEHUH, HHPOPMAIUU O
BPEMS1/4aCTOTHOHN CETKe, YaCTOTHI Pa3JelIeHUs U peXUMa 00paTHOW (QHUIIbTPALIUH.

8. Jlexoxep 1o 1.6, B KOTOPOM MPOTOTHITHEIN QUIBTP, Po(n), BEIBOAUTCS M3 KOIPPHUITUEHTOB MO TadI. 4,
MpeACTaBICHHON HIKE:

N Do (1) N Po (n) n Po (n)

0 0.0000000000 |214 |0.0019765601 428 0.0117623832
1 -0.0005525286 [ 215 |-0.0032086896 | 429 0.0163701258
2 -0.0005617692 [ 216 |-0.0085711749 | 430 0.0207997072
3 -0.0004947518 [217 |-0.0141288827 | 431 0.0250307561
4 -0.0004875227 [ 218 |-0.0198834129 | 432 0.0290824006
5 -0.0004893791 [219 |-0.0258227288 | 433 0.0329583930
6 -0.0005040714 [220 |-0.0319531274 | 434 0.0366418116
7 -0.0005226564 [ 221 |-0.0382776572 | 435 0.0401458278
8 -0.0005466565 [ 222 |-0.0447806821 | 436 0.0434768782
9 -0.0005677802 223 |-0.0514804176 | 437 0.0466303305
10 |-0.0005870930 224 |-0.0583705326 |438 0.0495978676
11 | -0.0006132747 [225 |-0.0654409853 | 439 0.0524093821
12 | -0.0006312493 [226 |[-0.0726943300 |[440 0.0550460034
13 | -0.0006540333 227 |-0.0801372934 |441 0.0575152691
14 |-0.0006777690 228 |[-0.0877547536 | 442 0.0598166570
15 [-0.0006941614 229 |[-0.0955533352 | 443 0.0619602779
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16 -0.0007157736 | 230 -0.1035329531 444 0.0639444805
17 -0.0007255043 | 231 -0.1116826931 445 0.0657690668
18 -0.0007440941 | 232 -0.1200077984 446 0.0674525021
19 -0.0007490598 | 233 -0.1285002850 447 0.0689664013
20 -0.0007681371 | 234 -0.1371551761 448 0.0703533073
21 -0.0007724848 | 235 -0.1459766491 449 0.0715826364
22 -0.0007834332 | 236 -0.1549607071 450 0.0726774642
23 -0.0007779869 | 237 -0.1640958855 451 0.0736406005
24 -0.0007803664 | 238 -0.1733808172 452 0.0744664394
25 -0.0007801449 | 239 -0.1828172548 453 0.0751576255
26 -0.0007757977 | 240 -0.1923966745 454 0.0757305756
27 -0.0007630793 | 241 -0.202125017¢6 455 0.0761748321
28 -0.0007530001 | 242 -0.2119735853 456 0.0765050718
29 -0.0007319357 | 243 -0.2219652696 457 0.0767204924
30 -0.0007215391 | 244 -0.2320690870 458 0.0768230011
31 -0.0006917937 | 245 -0.2423016884 459 0.0768173975
32 -0.0006650415 | 246 -0.2526480309 460 0.0767093490
33 -0.0006341594 | 247 -0.2631053299 461 0.0764992170
34 -0.0005946118 | 248 -0.2736634040 462 0.0761992479
35 -0.0005564576 | 249 -0.2843214189 463 0.0758008358
36 -0.0005145572 | 250 -0.2950716717 464 0.0753137336
37 -0.0004606325 | 251 -0.3059098575 465 0.0747452558
38 -0.0004095121 | 252 -0.3168278913 466 0.0741003642
39 -0.0003501175 | 253 -0.3278113727 467 0.0733620255
40 -0.0002896981 | 254 -0.3388722693 468 0.0725682583
41 -0.0002098337 | 255 -0.3499914122 469 0.0717002673
42 -0.0001446380 | 256 0.3611589903 470 0.0707628710
43 -0.0000617334 | 257 0.3723795546 471 0.0697630244
44 0.0000134949 258 0.3836350013 472 0.0687043828
45 0.0001094383 259 0.3949211761 473 0.0676075985
46 0.0002043017 260 0.4062317676 474 0.0664367512
47 0.0002949531 261 0.4175696896 475 0.0652247106
48 0.0004026540 262 0.4289119920 476 0.0639715898
49 0.0005107388 263 0.4402553754 4717 0.0626857808
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50 0.0006239376 264 0.4515996535 478 0.0613455171
51 0.0007458025 265 0.4629308085 479 0.0599837480
52 0.0008608443 266 0.4742453214 480 0.0585915683
53 0.0009885988 267 0.4855253091 481 0.0571616450
54 0.0011250155 268 0.4967708254 482 0.0557173648
55 0.0012577884 269 0.5079817500 483 0.0542452768
56 0.0013202494 270 0.5191234970 484 0.0527630746
57 0.0015443219 271 0.5302240895 485 0.0512556155
58 0.0016868083 272 0.5412553448 486 0.0497385755
59 0.0018348265 273 0.5522051258 487 0.0482165720
60 0.0019841140 274 0.5630789140 488 0.0466843027
61 0.0021461583 275 0.5738524131 489 0.0451488405
62 0.0023017254 276 0.5845403235 490 0.0436097542
63 0.0024625616 2717 0.5951123086 491 0.0420649094
64 0.0026201758 2178 0.6055783538 492 0.0405349170
65 0.0027870464 279 0.6159109932 493 0.0390053679
66 0.0029469447 280 0.6261242695 494 0.0374812850
67 0.0031125420 281 0.6361980107 495 0.0359697560
68 0.0032739613 282 0.6461269695 496 0.0344620948
69 0.0034418874 283 0.6559016302 497 0.0329754081
70 0.0036008268 284 0.6655139880 498 0.0315017608
71 0.0037603922 285 0.6749663190 499 0.0300502657
72 0.0039207432 286 0.6842353293 500 0.0286072173
73 0.0040819753 287 0.6933282376 501 0.0271859429
74 0.0042264269 288 0.7022388719 502 0.0257875847
75 0.0043730719 289 0.7109410426 503 0.0244160992
76 0.0045209852 290 0.7194462634 504 0.0230680169
77 0.0046606460 291 0.7277448900 505 0.0217467550
78 0.0047932560 292 0.7358211758 506 0.0204531793
79 0.0049137603 293 0.7436827863 507 0.0191872431
80 0.0050393022 294 0.7513137456 508 0.0179433381
81 0.0051407353 295 0.7587080760 509 0.0167324712
82 0.0052461166 296 0.7658674865 510 0.0155405553
83 0.0053471681 297 0.7727780881 511 0.0143904666
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84 0.0054196775 298 0.7794287519 512 -0.0132718220
85 0.0054876040 299 0.7858353120 513 -0.0121849995
86 0.0055475714 300 0.7919735841 514 -0.0111315548
87 0.0055938023 301 0.7978466413 515 -0.0101150215
88 0.0056220643 302 0.8034485751 516 -0.0091325329
89 0.0056455196 303 0.8087695004 517 -0.0081798233
90 0.0056389199 304 0.8138191270 518 -0.0072615816
91 0.0056266114 305 0.8185776004 519 -0.0063792293
92 0.0055917128 306 0.8230419890 520 -0.0055337211
93 0.0055404363 307 0.8272275347 521 -0.0047222596
94 0.0054753783 308 0.8311038457 522 -0.0039401124
95 0.0053838975 309 0.8346237361 523 -0.0031933778
96 0.0052715758 310 0.8379717337 524 -0.0024826723
97 0.0051382275 311 0.8409541392 525 -0.0018039472
98 0.0049839687 312 0.8436238281 526 -0.0011568135
99 0.0048109469 313 0.845981846° 527 -0.0005464280
100 | 0.0046039530 314 0.8480315777 528 0.0000276045
101 | 0.0043801861 315 0.8497805198 529 0.0005832264
102 | 0.0041251642 316 0.8511271524 530 0.0010902329
103 | 0.0038456408 317 0.8523047035 531 0.0015784682
104 | 0.003540124¢6 318 0.8531020949 532 0.0020274176
1051 0.0032091885 319 0.8535720573 533 0.0024508540
106 | 0.0028446757 320 0.8537385600 534 0.0028446757
107 | 0.0024508540 321 0.8535720573 535 0.0032091885
108 | 0.0020274176 322 0.8531020949 536 0.0035401246
109 |1 0.0015784682 323 0.8523047035 537 0.0038456408
110 | 0.0010902329 324 0.8511971524 538 0.0041251642
111 | 0.0005832264 325 0.8497805198 539 0.0043801861
112 | 0.0000276045 326 0.8480315777 540 0.0046039530
113 | -0.0005464280 | 327 0.8459818469 541 0.0048109469
114 | -0.0011568135 | 328 0.8436238281 542 0.0049839687
115 | -0.0018032472 | 329 0.8409541392 543 0.0051382275
116 | -0.0024826723 | 330 0.8379717337 544 0.0052715758
117 | -0.0031933778 | 331 0.8346237361 545 0.0053838975
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118 | -0.0039401124 | 332 0.8311038457 546 0.0054753783
119 | -0.0047222596 | 333 0.8272275347 547 0.0055404363
120 | -0.0055337211 | 334 0.8230419890 548 0.0055917128
121 | -0.0063792293 | 335 0.8185776004 549 0.0056266114
122 | -0.0072615816 | 336 0.8138191270 50 0.0056389199
123 | -0.0081798233 | 337 0.8087695004 551 0.0056455196
124 | -0.0091325329 | 338 0.8034485751 552 0.0056220643
125 | -0.0101150215 | 339 0.7978466413 553 0.0055938023
126 | -0.0111315548 | 340 0.7919735841 554 0.0055475714
127 | -0.0121849995 | 341 0.7858353120 555 0.0054876040
128 | 0.0132718220 342 0.7794287519 556 0.0054196775
129 1 0.0143904666 343 0.7727780881 557 0.0053471681
130 | 0.0155405553 344 0.7658674865 558 0.0052461166
131 | 0.0167324712 345 0.7587080760 559 0.0051407353
132 1 0.0179433381 346 0.7513137456 560 0.0050393022
133 10.0191872431 347 0.7436827863 561 0.0049137603
134 | 0.0204531793 348 0.7358211758 562 0.0047932560
135 |0.0217467550 349 0.7277448900 563 0.0046606460
136 | 0.0230680169 350 0.7194462634 564 0.0045209852
137 | 0.0244160992 351 0.7109410426 565 0.0043730719
138 | 0.0257875847 352 0.7022388719 566 0.0042264269
139 | 0.0271859429 353 0.6933282376 567 0.0040819753
140 | 0.0286072173 354 0.6842353293 568 0.0039207432
141 | 0.0300502657 355 0.6749663190 569 0.0037603922
142 | 0.0315017608 356 0.6655139880 570 0.0036008268
143 | 0.0329754081 357 0.6559016302 571 0.0034418874
144 | 0.0344620948 358 0.6461269695 572 0.0032739613
145 | 0.0359697560 359 0.6361980107 573 0.0031125420
146 | 0.0374812850 360 0.6261242695 574 0.0029469447
147 | 0.0390053679 361 0.6159109932 575 0.0027870464
148 | 0.0405349170 362 0.6055783538 576 0.0026201758
149 | 0.0420649094 363 0.5951123086 577 0.0024625616
150 | 0.0436097542 364 0.5845403235 578 0.0023017254
151 | 0.0451488405 365 0.5738524131 579 0.0021461583
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152 1 0.0466843027 366 0.5630789140 580 0.0019841140
153 | 0.0482165720 367 0.5522051258 581 0.0018348265
154 | 0.0497385755 368 0.5412553448 582 0.0016868083
155 | 0.0512556155 369 0.5302240895 583 0.0015443219
156 | 0.0527630746 370 0.5191234970 584 0.0013902494
157 | 0.0542452768 371 0.5079817500 585 0.0012577884
158 | 0.0557173648 372 0.4967708254 586 0.0011250155
159 | 0.0571616450 373 0.4855253091 587 0.0009885988
160 | 0.0585915683 374 0.4742453214 588 0.0008608443
161 | 0.0599837480 375 0.4629308085 589 0.0007458025
162 | 0.0613455171 376 0.4515996535 590 0.0006239376
163 | 0.0626857808 377 0.4402553754 591 0.0005107388
164 | 0.0639715898 378 0.4289119920 592 0.0004026540
165 | 0.0652247106 379 0.417569689¢6 593 0.0002949531
166 | 0.0664367512 380 0.4062317676 594 0.0002043017
167 | 0.0676075985 381 0.3949211761 595 0.0001094383
168 | 0.0687043828 382 0.3836350013 596 0.0000134949
169 | 0.0697630244 383 0.3723795546 597 -0.0000617334
170 | 0.0707628710 384 -0.3611589903 598 -0.0001446380
171 | 0.0717002673 385 -0.3499914122 599 -0.0002098337
172 10.0725682583 386 -0.3388722693 600 -0.0002896981
173 1 0.0733620255 387 -0.3278113727 601 -0.0003501175
174 | 0.0741003642 388 -0.3168278913 602 -0.0004095121
1751 0.0747452558 389 -0.3059098575 603 -0.0004606325
176 | 0.0753137336 390 -0.2950716717 604 -0.0005145572
177 | 0.0758008358 391 -0.2843214189 605 -0.0005564576
178 | 0.0761992479 392 -0.2736634040 606 -0.0005946118
179 1 0.0764992170 393 -0.2631053299 607 -0.0006341594
180 | 0.0767093490 394 -0.2526480309 608 -0.0006650415
181 | 0.0768173975 395 -0.2423016884 609 -0.0006917937
182 | 0.0768230011 396 -0.2320620870 610 -0.0007215391
183 | 0.0767204924 397 -0.2219652696 611 -0.0007319357
184 | 0.0765050718 398 -0.2119735853 612 -0.0007530001
185 ] 0.0761748321 399 -0.2021250176 613 -0.0007630793
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186 | 0.0757305756 400 -0.1923966745 614 -0.0007757977
187 | 0.0751576255 401 -0.1828172548 615 -0.0007801449
188 | 0.0744664394 402 -0.1733808172 616 -0.0007803664
189 | 0.0736406005 403 -0.1640958855 617 -0.0007779869
190 | 0.0726774642 404 -0.1549607071 618 -0.0007834332
191 | 0.0715826364 405 -0.1459766491 619 -0.0007724848
192 | 0.0703533073 406 -0.1371551761 620 -0.0007681371
193 | 0.0689664013 407 -0.1285002850 621 -0.0007490598
194 | 0.0674525021 408 -0.1200077984 622 -0.0007440941
195 | 0.0657690668 409 -0.1116826931 623 -0.0007255043
196 | 0.0639444805 410 -0.1035329531 624 -0.0007157736
197 | 0.0619602779 411 -0.0955533352 625 -0.0006941614
198 | 0.0598166570 412 -0.0877547536 626 -0.0006777690
199 | 0.0575152691 413 -0.0801372934 627 -0.0006540333
200 | 0.0550460034 414 -0.0726943300 628 -0.0006312493
201 | 0.0524093821 415 -0.0654409853 629 -0.0006132747
202 | 0.0495978676 416 -0.0583705326 630 -0.0005870930
203 1 0.0466303305 417 -0.0514804176 631 -0.0005677802
204 1 0.0434768782 418 -0.0447806821 632 -0.0005466565
205 1 0.0401458278 419 -0.0382776572 633 -0.0005226564
206 | 0.0366418116 420 -0.0319531274 634 -0.0005040714
207 | 0.0329583930 421 -0.0258227288 635 -0.0004893791
208 | 0.0290824006 422 -0.0198834129 636 -0.0004875227
209 1 0.0250307561 423 -0.0141288827 637 -0.0004947518
210 | 0.0207997072 424 -0.0085711749 638 -0.0005617692
211 1 0.0163701258 425 -0.0032086896 639 -0.0005525280
212 1 0.0117623832 426 0.0019765601

213 1 0.0069636862 427 0.0069636862

9. Hexoxep mo 1.8, B KOTOPOM MPOTOTHIHBINA QUIBTP, Po(n), BEIBOAUTCS U3 KodhdummenTos no tadi. 4
MOCPE/ICTBOM OJHOM HJIM OoJiee MaTeMAaTHUECKHX ONepaluii, BBIOPAaHHBIX W3 TPYIIIbI, COCTOSIICH M3 OKpYIJie-
HUSL, TIOHWKAIOIIEH TUCKPETU3AINY, HHTEPHOJISIUH UITH TPOPEKUBAHUSL.

/ BUTOBIV NOTOK AAC MPEG-4
71 L 2 3 4
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) 105 107 109
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i L i
i 205 204\ [ TeneeaTor |2
i VIPABNSOLLINX 1
| BUTOB [
b e e e e e e e e e e ———— ] i
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210
o .
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—i—n- BYOEP b=+  [E- || AEKOOEP # OBPAGOTKA
I
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i _ i
| 215 213 I
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