Jexuus 5. BIUSTHUE OLIU®POBKM 3BYKA HA KAUECTBO
MYJBbTUMEJIMA MTPOIYKIIUNA

[Tpu mpou3BOJCTBE 3BYKOBOH MYJIbTHMEINA MPOIAYKIIMH CIEAYEeT BBIACIUTH IBE
COCTaBJISIIOIIIE B OCHOBHOM OTPEACIISAIONINE €€ KaueCTBO:

— AIII npeobpazoBanue (nau nonydenue curaana MKM);

— KOMIIPECCHUIO ITU(GPOBBIX ayIHOTaHHBIX.

5. Biusinue AL

Jlnst monydeHus TPUEMIIEMOTO KadecTBa 3alliCH, HalpUMeEp, KOMIIBIOTEPHOM
MY3bIKM HEOOXOAMMO IMOJIB30BaThCS anmaparypoil, crnocoOHol ero odecneuntsb. K
mapameTpam, OT KOTOPBIX ATO 3aBUCHUT, OTHOCSITCS, B TIEPBYIO OUCPEIb:

- Pa3psAAHOCTh aHAJIOTrO-LKU(POBOro U U POAHATOrOBOT0 Ipeodpa3zoBaTenen
3BYKOBOM KapTBhl;

- AUAIla30H YaCTOT AUCKPCTHU3AIINH.

Pa3psiHOCTh 3BYKOBOM KapThl CYIIIECTBEHHO BIIMSCT Ha KAYECTBO 3BYKa (peub
UJIET O PA3PAIHOCTH aHAIOro-u(poBoro npeodpaszosarens (AL[IT)
(Analog/Digital Converter — ADC) u 1idpoaHagoroBoro npeoopasoparesis
(ITAIT) (Digital/Analog Converter — DAC)).

3BYKOBBIE€ KapThl JIBOMHOTO HA3HAYEHUS UMEIOT B CBOEM COCTAaBE
OJIHOBPEMEHHO JIBa (PYHKIIMOHAIBHO HE3aBUCUMBIX y371a: CUHTE3aTOp U
YCTPONCTBO OLM(PPOBKHU 3BYKOBBIX CUTHAJIOB, TTOCTYTAIOIIUX C BHEITHETO
UCTOYHUKA. B KaXX/plii U3 y3J10B BXOJUT KaKk MUHUMYM 110 ogHomy LIAIL B
ycTpoicTBe orudpoBku, kpoMe Toro, umeetcst ALIIL. Hexkoropsie
noyiynpodeccruoHanbHbIe 3BYKOBBIE KapThl 000y 10BaHbI 24-0UTHBIMH
[TAIT/ALIL. 3BykoBBIEC peIaKTOPbI, paboTast ¢ TI0OBIMU 3BYKOBBIMU KapTaMH, B
TOM 4ucie U 16-OUTHBIMHU, B IIpoLiecce MpeoOpa30BaHU OTCUETOB CUTHAA
UCIIOJIB3YIOT apU(PMETUKY C Pa3psIIHOCTHIO TBOUYHOTO MPEICTABICHUS YU CIIA,
MpeBbIIAOIIEH 16. ITO MO3BOJIAET YMEHBIIUTh MOTPEIIHOCTb,
HAKaIJIMBAIOUIYIOCS B IIPOLIECCE BBHITOJIHEHUS CIIOKHBIX aITOPUTMOB 00pabOTKH,
KOTOpasi B MPOTUBHOM CJIy4ae MPOSBIISIACH Obl KaK MCKa)KEHUE 3BYKa.

Anasioro-ungpoBoe npeodpazoBaHue

[Todyemy *xe CTONb BKHO HAIMYUE OOJBIIIOTO YKCIa Pa3psiioB B YCTPOHUCTBAX
LAIT u ALII? [leno 3akiatoyaercsi B TOM, UTO HENPEPHIBHBIN (aHATOTOBbBIN) CUTHAT
npeoOpasyeTcs B IU(POBOI ¢ HEKOTOPOU MOTPEUTHOCTHIO. ITa MOTPEITHOCTD TEM
OoJIbIIIe, YeM MEHbIIE YPOBHEH KBAHTOBAHUS CUTHAJIA, T. €. YEM JAJIbIIE OTCTOST
JIpYT OT Apyra AOMYCTUMbIE 3HAYEHUSI KBAHTOBAHHOTO CUTHAJIA. YHUCIIO ypOBHEN
KBAaHTOBAaHMS B CBOIO ouepe/ib 3aBUCHUT oT paszpsiaHocTr ALTT/TIAIL



HOFpeIHHOCTI/I, BO3HUKAIOIIKC B PC3YJILTATC 3aMCHBI dHAJIOTOBOI'O CUT'HAJIA PAI0M
KBAHTOBAHHBLIX I1I0 YPOBHIO OTCUCTOB, MOKHO PaCCMATPHUBATH KAK €T'0 HCKAKCHU,
BBI3BAHHBIC BOB,I[efICTBHeM ITIOMCXH. 9Ty IMOMCXY IIPUHATO 06pa3H0 Ha3bIBATb
IITYMOM KBAHTOBAHUAI.

I_HYM KBAHTOBAHUS ITPCACTABILACT coboi Pa3HOCTb COOTBCTCTBYIOIINUX 3HAYCHUM
PCAJIBbHOI'O 1 KBAHTOBAHHOTI'O I10 YPOBHIO CUT'HAJIOB.

B ciydae npeBbIlIeHNs] CUTHAJIOM 3HAYEHHUs] CAMOT'0 BEPXHETO YPOBHS
kBaHTOBaHMS (''cTapiiero" KBaHTa), a TAKXKE B Cilydyae, KOrja 3HaUeHUE CUrHaja
OKa3bIBAETCSA MEHbILIE HUKHETO YPOBHS KBaHTOBaHusA ("'Mitaamero" KBaHTa), T. €.
IpU HU(PPOBOM OTPAHUUYEHUHU CUTHAJIA, BOZHUKAIOT UCKAKEHU, 00Jiee 3aMETHbIE
110 CPaBHEHMIO C IIIyMOM KBaHTOBaHHUS. J{J1s1 MCKITFOUEHUS UCKAXKEHUI 3TOTr0 TUIIA
JUHAMUYECKHe auana3oHbl curaana u ALl 1omKHBI COOTBETCTBOBATH APYT
JApYry: 3HAaUEHUS CUTHAJIA JOJDKHBI PACIOIaraTbCsi MEXAY YPOBHSIMH,
COOTBETCTBYIOIIMMH MJIAJIEMY U cTapiieMy kBaHTaM. [Ipu 3anucu BHEIIHUX
VICTOYHHUKOB 3BYKa 3TO JIOCTUTAETCSI C IIOMOIIBIO PETYIMPOBKHU UX YPOBHS, KpOME
TOT0, IPUMEHSIETCS CKaTHE (KOMIIpEeCcCHs) AMHAMUYECKOT0 IMana3oHa.

B 3ByKOBBIX pelakTOpax CyIIECTBYET ONEpalisl HOPMaIU3aANU aMILIATY bl
curHaia. [locie ee mpuMeHEHNS] HANMEHBIIIEE 3HAYEHUE CUTHAJIA CTAHET PABHBIM
BEPXHEMY YPOBHIO MIIQJIIIIETO KBAHTA, @ HAMOOJIbIIIEE — HIKHEMY YPOBHIO
cTapiero kBanta. TakuM 006pa3oM, OT OrpaHUYEHUS CUTHAJ CBEPXY U CHU3Y OyJleT
3alIUIIEH NPOMEXYTKAMU, IIUPUHOU B OJUH KBAHT.

JIJ1s1 HOpMUPOBAHHOT'O CUTHAJIA OTHOCUTENbHAS BEIMYMHA MAKCUMAJIbHOM
NOTpeIHOCTH KBaHTOBaHus paBHa 1/N, rae N — 4yuciio ypoBHEH KBaHTOBaHUS.
DTOH ke BEIMYUHOM, MPE/ICTABIEHHOM B JIOrapU(PMUUECKUX €IUMHHIIAX
(meunbenax), OlLIEeHUBAETCS YpPOBEHb IyMOB kBaHTOBaHus ALl 3BykoBO# KapThI.
VYpoBeHs 1IyMOB KBaHTOBaHUs onpezensercs no gopmyne: D =201g (1/N). Hns
BocbMupazpsaaHoro AT N =256, D = -48 nb; nnd mectHaaumatupaspsigHoro —
N = 65536,; D= -96 nb u nnsa nBaauatupaszpsaaoro AL N = 1648576, D = -120
nb. Ot nu@pel HATJSAIHO TEMOHCTPUPYIOT, UTO € pocToM pazpsaHoctu AL
IIYM KBaHTOBaHUs yMeHbIIaeTcs. [IpuemneMbiM cuntaercs
HIECTHAALATHPA3PAIHOE MPEICTABICHUE CUTHAJIA, SIBJISIOIIEECS B HACTOSILEE
BpEeMsI CTaHJAPTHBIM JIJIs1 BOCIIPOU3BEACHUS 3BYKa, 3aIMCAHHOTO B IIU(PPOBOIi
dopme. C TOUKH 3peHHS] CHU)KEHUS! YPOBHSI IIyMOB KBaHTOBAHUS JaJIbHENIIIee
yBenuueHue paspsaHoctu AL ocoboro cMmbicia He UMEET, T. K. YPOBEHb LITYMOB,
BO3ZHHMKIIMX [0 IPYTUM IIPUYMHAM (TEIUIOBBIE IIYMBI, & TAK)KE UMITYJIbCHBIE
IIOMEXH, TEHEPUPYEMBIE SJIEMEHTAMU CXEMBbI KOMITBIOTEPA U
pacrnpocTpaHsomuyecs J100 Mo IEensM NUTaHus, JM00 B BUJE DJIIEKTPOMAarHUTHBIX
BOJIH), BCE PaBHO OKa3bIBA€TCsl 3HAYUTEIBHO BbIIIE, 4YeM -96 1b.

Opnako yBenuuenue pazpsaHoctu ALIT o6ycnoBieHo emie 0JHUM YCIOBHEM —
CTPEMJIEHUEM PACHIMPUTh €T0 TMHAMUYECKHI hana3oH. JluHamMmudyeckui



JMana3oH HEKOTOPOTO YCTPOHCTBA 00paOOTKU MOKET OBITh ONIPEICIICH
BbIpakeHneM A = 201g (Smax/Smin), rie Smax 1 Smin — MaKCUMalbHOE U
MUHHMAJIbHOE 3HAYEHUsI CUTHAJIA, KOTOPBIN MOXKET OBITh MpeoOpa3oBaH B
udpoyro hopmy 6€3 uCKaKeHUs U MoTepyu nHpopmaluu. MUHUMaIbLHOE
3HAYEHHE CUTHAJIA HE MOXKET ObITh MEHBIIIE, YEM HaIpPsKEHUE, COOTBETCTBYIOLIEE
OJIHOMY KBaHTY, & MAKCUMaJIbHOE — HE JIOJKHO MPEBBIIIATH BETUYUHBI
HaIpsHKeHUs1, cooTBeTcTBYIomero N kBaHTaM. [1oaToMy BeIpaskeHue Jyist
nuHamudeckoro nquamna3zoHa AL 3BykoBoit kapTel mpumet Bua: D =201g (N).
Benp MoxHO cuntath, uTo Smax= kN, a Smin = k1, rae k — HexoTOpHIit
MOCTOSTHHBIN KOA()(PUIMEHT MPOTOPIIMOHATBHOCTH, YUUTHIBAIOIINNA COOTBETCTBUE
AIEKTPUYECKUX BEIMYWH (TOKA WIIA HAIIPSHKEHUS) HOMEpaM YPOBHEH
KBaHTOBaHMS.

N3 cpaBHeHus BhIpakeHUH 1t A U D cTaHOBHUTCS SICHO, YTO MPH OJMHAKOBOM
pazpsaHocty AL ot BenmumuuHBI OyAYT OTIMYATHCS JUIIL 3HaKaMu. [loaTomy
JTUHAMUYECKUM TUarma3oH s mecTHaanatupaspsaaoro AL cocraBnser 96 nb,
s aBaanarupaspsgHoro — 120 nb. MasiMu cioBaMu, 115 3aMMCH 3ByYaHHS
HEKOTOPOTO MCTOYHHKA 3BYKa, TMHAMUYECKUI Juara3od KoToporo paseH 120 ab,
Tpedyercs aBaauarupaspsaasid ALl Eciou Takoro HeT, a mMeeTcs TOJIbKO
[IECTHAIIIATUPA3PSAHBIN, TO JUHAMUYECKUN HUAMa30H 3ByKa JOJDKEH OBbITh CKaT
Ha 24 nb: co 120 n1b no 96 nb.

B npuHIuIe, CymecTByOT METObI U YCTPOHCTBA CKATHUS (KOMITPECCHH )
JUHAMUYECKOT0 Juana3oHa 3Byka. Ho To, 4TO OHU MPOJIETBIBAIOT CO 3BYKOM, KakK
HU cMsT49ai GOopMyIUPOBKH, BCE PABHO, MPECTABISAET COOOM €ro NCKaKeHHUe.
HIMeHHO 1T03TOMY TaK Ba)KHO JIJIsl OIIM(POBKH 3BYKa rcnoiab3oBath AllI,
UMEIOIINI MaKCUMaIbHOE KOJMYECTBO pa3psAioB. JAuHaAMUUecKue Aruana3oHbl
OOJBIIMHCTBA UCTOYHUKOB 3BYKa BIIOJHE COOTBETCTBYIOT TUHAMUYECKOMY
nuanasony 16-6utHol 3ByKoBO# KapThl. Kpome Toro, 24-6utHoe unu 32-0MTHOE
NpEe/ICTaBICHNE CUTHAJIA IPUMEHSETCSI B OCHOBHOM Ha 3Tarne o0paboTKu 3ByKa.
Koneunas aymuonpoaykius (CD Digital Audio u DAT) peanusyercst B 16-6utHOM
dbopmare.

O nuckperusanumn

B mporecce pa6otst ALIIT mporcxoauT HE TOHKO KBAHTOBAHHUE CUTHAJIA TI0
YPOBHIO, HO U €ro AUCKpEeTU3anus B0 BpeMeHHu. CUrHaj, HenpephIBHO
W3MEHSIOLUNCS BO BPEMEHH, 3aMEHSIOT PAJIOM OTCUETOB 3TOro curHaia. OObIYHO
OTCUETHI cUTHaja OepyTcs uepe3 OAMHAKOBbIE MPOMEKYTKH BPEMEHHU.
NHTYUTUBHO SICHO, YTO €CJIU OTCYETHI OTCTOSIT JIPYT OT Apyra Ha CIUIIKOM
OOJIBIIME UHTEPBAJIBI, TO PU JUCKPETU3ALMHI MOXKET IPOU30UTH MOTEPS
nH(popMaIu: BaXXKHbIC U3MEHEHHS CUTHAJIA MOTYT OBITh "'MPOIYIICHBI"
npeobpaszoBarTesieM, eCii OHU MPOU30UIYT HE B T€ MOMEHTHI, KOTJa ObUIN B3SITHI
orcueThl. [lomydaercs, 4To OTCUYETHI ClieyeT OpaTh C MAKCUMAJIbHOM YacTOTOIA.
EcTecTBeHHBIM MpeesioM CITyKUT OBICTpoAeicTBHE peodpa3oBartens. Kpome



TOT0, YeM OOJIbIIIE OTCYETOB MPUXOIUTCS HA EAUHUILY BPEMEHH, TEM OOIbIINN
pa3sMmep naMsaTi HeOOXOIUM JJId XpaHEHUs] HHGOPMAIIHH.

[Tpo6GsieMa OThICKaHUS Pa3yMHOTO KOMIIPOMKCCA MEX/1y YaCTOTOM B3ATHSA
OTCYETOB CUTHAJIAa U PACXO/0BAaHUEM PECYPCOB TPAKTOB IPEOOpPA30BaHuUs U
nepenay nH(GOpMAaLUK BO3HUKIIA 33]10JIT0 /10 TOr0, KaK Ha CBET MOSBUIIUCH
nepBbIE 3BYKOBbIE KapThl. B pe3ynpraTe nccneaoBanuil 0610 CHOPMYIUPOBAHO
IIPAaBUJIO, KOTOPOE MPUHATO Ha3bIBaTh TeopeMor HalikBucta — KoTenbHukoBa.

Ecnu nocraButh nepen co0oif 3anaqy o00iTHCH 0€3 (GopMyIT U UCTIONB30BaHUS
CepbE3HBIX HayYHBIX TEPMUHOB THMA "CUCTEMa OPTOTOHAIBHBIX (PyHKIUN", TO
cyTh Teopembl HaitkBucta — KoTeabHUKOBA MOKHO OOBSCHUTH CJICAYIOIINM
oOpazoM. CurHain, npeACTaBICHHbIN MOCIEI0BATENBHOCTBIO JUCKPETHBIX
OTCYETOB, MO’KHO BHOBb IIPEO0OPA30BaTh B UCXOHBIN (HETPEPHIBHBIN) BUJ O€3
noTepy UHQPOPMAIIMH TOJIBKO B TOM CIIy4ae, €CJIM UHTEPBal MEXKY COCETHUMU
OTCUETaMU HE IIPEBBIIIAET MOJIOBUHBI IIEPHOA CAMOT0 BBICOKOYACTOTHOIO
Kosie0aHus, CoAepKaILErocs B CIEKTPE CUrHAIA.

W3 cka3aHHOrO CelyeT, YTO BOCCTAHOBUTH 0€3 UCKaXKEHUH MOKHO TOJIBKO
CUTHAJI, CIIEKTP KOTOPOr'0 OrpaHUY€eH HEKOTopor yactoTor Fmax. Teopernuecku
BCE€ peallbHbIE CUTHAJIBI UMEIOT OECKOHEUHBbIE CIIEKTPbI. CIEKTPhI pealbHbIX
CUTHAJIOB, XOTS U HE OECKOHEUHbI, HO MOTYT ObITh BECbMa MIUPOKUMHU. 11 TOTO
YTOOBI PU JUCKPETU3ALMH U30€KaTh UCKAKEHUH, BBI3BAHHBIX 3TUM
00CTOSTENBCTBOM, CUTHAJI BHAYAJIE MTPOITYCKAIOT Yepe3 (PUiIbTP, MOAABISIIOLINI B
HEM BCE 4aCTOTBI, KOTOPBIE MPEBBIIIAIOT 33IaHHOE 3HaYueHne Fmax, u b 3arem
pou3BOIAT nuckpeTusanuto. CormacHo Teopeme HalikBucra — KortenbHuKoBa
4acToTa JUCKPETU3ALUH, C KOTOPOH cienyeT OpaTh OTCUeThl, cocTaBisieT Fu =
2Fmax. Teopema nosrydena aJist M€ IM3MPOBaHHbBIX ycloBuil. Eciu yuecTh
pealibHbl€ CBOMCTBA CUTHAJIOB U YCTPONUCTB IPE0Opa30BaHusl, TO 4YaCTOTY
JUCKPETU3AINH CIIEAYET BIOMPATh C HEKOTOPHIM 3al1aCOM [0 CPAaBHEHUIO CO
3HAYEHUEM, TTOJTYYEHHBIM U3 IPEABIAYIIETO BBIPAKEHUS.

B crangapte CD Digital Audio wactora nuckperusaruu paBna 44,1 kl'u. s
nM(ppoBbIX 3ByKOBBIX MarHuToPoHoB (DAT) ctanaapTHas yactora
TucKpeTusanuu coctapisieT 48 kI 1. 3ByKOBBIE€ KapThl, Kak MPaBUIIO, CIIOCOOHBI
paboTaTh B IMPOKOM JIMANA30HE YACTOT TUCKPETU3AIIH.

B nociennee BpemMsi craHOBHUTCS Bee Oojiee momy isipHbIM ctanaapT DVD-audio,
IJIe 9acTOTa JUCKPETU3AIMH MOXKET ObITh paBHOM 44,1/48/88.2/96 kI,
pasperaronias cnocooHocTsb 16/20/24 6ut, KOJIUYECTBO KaHATIOB — J10 6.

udpoanasorosoe npeodpazoBanue

J171st Bocnipou3BeieHHsI 3BYKOBOI'O CUTHAJIA, 3alTMCAaHHOTO B IIM(poBoit popme,
HE00X0AMMO MpeoOpa30BaTh €ro B AHAJIOTOBBIN CUTHAIL.



[Mudpoananorosoe rnpeoOpazoBaHue B 0OIIEM cllydyae MPOUCXOAUT B JiBa dTalla.
Ha nepBom stane u3 notoka nu(poBbIX JaHHBIX ¢ TOMOIIBIO IIU(PPO-aHATIOTOBOTO
npeoOpa3oBates BbIACIAIOT OTCYETHI CUTHANA, CIAEAYIOIIHNE C YACTOTOM
nuckperusanuu. Ha BTopom starie myTem criakuBaHus (MHTEPHOJSALNN) U3
JUCKPETHBIX OTCUYETOB (DOPMUPYETCSI HEMIPEPHIBHBINA BO BPEMEHHU aHAJIOTOBBIN
CUTHAJL

Ha Brixone npocteitero LIAIT curnan npeacrapisieT coO0i MoCaea0BaTEILHOCTh
Y3KHAX UMITYJIbCOB, HMEIOIIMX MHOTOUYUCIICHHBIE BBICOKOYACTOTHBIE CIIEKTPAJIbHBIC
KOMITOHEHTHI. Ha aHaoroBeIil GuiIbTp B 3TOM ClTydae BO3JIaraeTcs 3amada
MOJTHOCTBIO MPOMYCTUTh CUTHAJ HY>KHOTO YaCTOTHOTO Jrana3oHa (Hanpumep, 20
['m — 20 kI'11) ¥ MO BO3MOXKHOCTH HauOoJIee MOJTHO MOIaBUTh HEHYKHBIE
BBICOKOYACTOTHBIE KOMIOHEHTHI. K cokaneHunto, aHaJoroBomy GpuibTpy
BBHITIOJIHUTH TaKMe MPOTUBOPEUMBBIC TpeOOBaHUs He 1o cuity. [losTomy

M (POBOI CUTHAJ CHavajla MHTEPIOIUPYIOT, TO €CTh BCTABJISIOT JOMOJHUTEIbHBIC
OTCYETHI, BBIYMCIICHHBIE T10 CIIELIUATIBHBIM AIITOPUTMaM, U TEM CaMbIM PE3KO
YBEIIMYUBAIOT YaCTOTY JIUCKpeTu3anuu. [Ipu 3TOM HCXOAHBIN CIIEKTP MOJIE3HOTO
CUTHAJIa HE UCKAXaEeTCsl, a CUTHAJI OKa3bIBACTCS JUCKPETU3UPOBAHHBIM Ha
3HAYUTEIHHO 00JIe€ BHICOKON YacTOTE. ITO MPUBOJIUT K TOMY, YTO TOOOYHBIE
CIIEKTpaJibHbIe KOMIIOHEHTHI Ha BbIXoJe LIAII manexko OTCTOAT OT 4aCTOTHBIX
KOMIIOHEHTOB OCHOBHOTO CHUTHAJIa U, YTOOBI OTPUIBTPOBATh UX, TOCTATOYHO
MPOCTOT0 aHAJIOTOBOIO (PUIILTpA.

[Tocne nepBoro sTana uppoaHagIoroBoro npeoopa3zoBanus HHGpopManus o
BEJIMYMHE 3BYKOBOI'O CUTHAJIA UMEETCS TOJIBKO B ONPEICIICHHBIE MOMEHTHI,
cooTBeTcTBYIOMUE yactore quckperusamnuu ALl Jlononuurensuas nndopmarus
o (popme curHasia Mexay OTCUeTaMH OTCYTCTBYET. 3a/1aueil BTOporo sramna mudpo-
aHAJIOTOBOTO MPe0Opa30BaHUs SBISETCS BOCCTAHOBJICHUE 3HAYCHUSI CUTHAJIA
MEXYy OTCUETaAMU, WJIX UHTEPITOJISALIUS.

Haubosbiiee pacnpocTpaHeHHe MOTYyYUIIN JTUHEHHBIE METO/IbI HHTEPIIOSILIUU
(dbopMBbI curHalia o €ro AUCKPETHBIM OTCUYETaM, OCHOBAaHHbBIE Ha UCIIOJIb30BAHUU

1 dpoBbIX GUILTPOB. B MCX0aHYI0 MOCIEA0BATEIbHOCTh OTCUETOB CUTHAJIA
BCTABJISFOTCS JONOJHUTENbHBIE HyJIEBbIE OTCUeThl. HOBas monmyueHHas
MOCJIEIOBATEIBHOCTD MOJACTCS HAa MHTEPIIONUPYIOUU U poBoil PUIIbTp, B
KOTOPOM HYJIEBBIE OTCUETHI MPE0OPa3yIOTCsl B OUEHb TOYHO PEKOHCTPYUPOBAHHbBIE
OTCUETHI KUCXOJAHOT'O CUTHAJA. 3aTeM I CTJIaXKUBAHUSA U OKOHYATEIBbHOIO
BOCCTAaHOBJICHUS] CUTHAJI TIOJIa€TCA Ha MPOCTOM aHaNoroBbld puiibTp. [lonmydueHHsbIn
B pe3yJbTaTe HU(ppoaHasIoroBoro npeoopa3oBaHus 3ByKOBOW CUTHAJ, KaK
MIPABUJIO, TONAAAET B MUKIIEP 3BYKOBOU KapThl.

npodsembl cBsizaHHbIX ¢ ATI/AIIII

OOBIYHO ITyM KBAaHTOBAHUWA IIPEACTABIIAIOT KaK Pa3HOCTb COOTBCTCTBYIOIIUX



3HAYCHUN PEATbHOTO U KBAHTOBAHHOTO TI0 YPOBHIO CUTHAIIOB (puc. 5.1 a, 0).
Taxoe mpecTaBIeHNEe HE COBCEM BEPHO.

Ha pucynxke 5.1a Ha camom fene nugpoBoi curHai He nokasad. CTyneHyarast
JMHUS — 3TO 0TOOPaKEHUE aHAJIOTOBOTO CUTHAJIA, BOCCTAHOBJIEHHOTO U3
U(POBOro C UCIOIb30BAHUEM MHTEPIIONSILIMY HYJIEBOTO Nopsaka. Eciou u3
MCXOJTHOTO aHAJIOrOBOI'0 CUTHAJIA BBIUECTh 3TY CTYNEHYATYIO JIMHUIO, TO
MOJIYYMTCS] OYEHb CTPaHHAs U HEKpacuBas JuHus (puc. 5.10). HekoTopeie aBTOpHI
NUIIYT, YTO 3TO U €CTh IIYM KBaHTOBaHuA. Ho, BO-epBbIX, KTO CKa3aj, 4TO HYKHO
3aMEHATH U(GPOBON CUTHAT HETIPEPHIBHBIMU CTYTIEHbKaMH, U TIOYEMY UMEHHO
CTYIEHbKaMH, & HE HAKJIOHHBIMU OTPE3KaMH MPSAMBIX JIMHUN WIH KPpUBBIMU? Bo-
BTOPBIX, B IECTBUTEIILHOCTU Mbl HMEEM MPABO CPABHUBATH HEMPEPHIBHBIE U
JVCKPETHBIE CUTHAJIBI TOJIBKO B MOMEHTBI, COOTBETCTBYIOIIHE TUCKPETHBIM
orcueraM. [103TOMy U 1IyM KBaHTOBAaHMS CIIEYET PEACTABIATh
NOCJIE0BATEIBHOCTBIO JUCKPETHBIX OTCUETOB (pHC. 5.1B).
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Pucynok 5.1- Mnnmroctparnus npoiecca KBaHTOBaHUSI CUTHaJa (MHTEPIOJISIIUS
HYJIEBOT'O MOPSI/IKA)

B TCOPCTUUCCKUX pa60Tax AJI1 TpCACTABJICHUA TUCKPCTHBIX CUTHAJIOB



UCHIONB3YIOT (PYHKIIUIO OTCYETOB (AeNbTa-(PYyHKINI0) — O€CKOHEUHO OOJBIION 10
aMILTUTY/Ie U 0ECKOHEYHO KOPOTKHIA 10 BpeMeHHU umityJibc. [Inomane aenpra-
¢yHKuMu paBHa enuHuIe. Pazymeercs, QyHKIIMHM OTCYETOB B IPUPOJIE HE
CyIIEeCTBYIOT. Ha mpakTike OHU 3aMEHSIOTCS IPSIMOYTOJIbHBIMHI UMITYJIbCAMU
MaJIOH JUIUTENBbHOCTH.

Ecinu B3Th 0OCIEI0BATENIBHOCTh CMELIEHHBIX BO BPEMEHU (DYHKILIUI OTCUETOB
Y YMHOKUTb €€ Ha OpAUHATHI KPUBOW JIMHUU, COOTBETCTBYIOLIEH aHATIOTOBOMY
CUTHAJTY, TO TOJIyYUTCSI TUCKPETHBIN IO BPEMEHH CUTHAJ, KOTOPBIA MOKHO
IpeCTaBUTh TpadUuecKy TakK, Kak MOKa3aHo Ha pucyHke 1B. B janHoMm ciydae
3TO U €CTh IIyM KBaHTOBAHUs, ITPEACTABICHHBIN JUCKPETHBIMHU OTCYETAMM.

He cymectByer u ueaabHbIX QUIBTPOB, C IOMOIIBIO KOTOPHIX MOKHO ObLIO ObI
TOYb-B-TOYb BOCCTAHOBUTH AHAJIOTOBBIM CUTHAJ I10 €70 JUCKPETHBIM 3HAYCHUSM.
Opnnako B coBpeMeHHbIX ALl NCIIONIB3yOTCS METO/BI, TIO3BOJISIFOLIIUE CBECTU
HOTPEIIHOCTH, 00YCIIOBJIIEHHbBIE HEUJICAIbHOCTBIO IIPe00pa30BaHus, K Pa3yMHOMY
MHUHHUMYMY.

Ha pucynke 5.2a moka3aH WCXOIHBIN aHAJIOTOBBIN CUTHAII U CUTHAJT,
BOCCTAHOBJICHHBIN U3 U(PPOBOTO C UCIMIOIH30BAHUEM UHTEPIIOSALINU 1-r0 mopsika
(OTCUETHI COEAMHSIOTCS OTPE3KaAMU MPSMBIX JIMHUN).

BunHo, 4TO pa3sHuIla MeXay UCXOJHBIM U BOCCTAHOBJIEHHBIM CUTHAJIOM (PHC.
5.26) ropasno MeHblIIe, YeM MPU UCTIOIb30BAHIHN HHTEPIIOJISIIIUU HYJIEBOTO
nopsizika (puc. 5.1a). A Benb B coBpeMeHHbIX [IAIl ucnons3yrotcs ropaszao 6osee
CJIOHBIE AJITOPUTMBI BOCCTAHOBJICHHUSI aHAJIOTOBOTO CUTHAJIA.

Uro kacaetcs mudpoBoro mryma KBaHToBaHus (puc. 5.18), 6eccriopHo, mpu

M poaHanIoroBoM npeoOpa3oBaHUK OH TPAHCPOPMUPYETCS B HEKUI aHAJIOTOBBIM
myM. Bun sToro nrymoBoro kosnedanus Oyaert 3aBucetb oT KoHKpeTHoro ALIIL, Ho
€ro ypoBeHb OyJIeT ropas/io MEHbIIIE, YeM YPOBEHb ITyMOBOTO MpoIlecca,
MOKa3aHHOT0 Ha puc. 5.16.

PacmpocTpaneHHas cpeii CTOPOHHUKOB aHAJIOTOBOTO 3ByKa CTpPAIITUIIKa
"Pe3ynpTaT JUCKpETH3AIMH Y)KaCHO OTINYAETCS OT UCXOJHOTO CUTHANA"
OCHOBaHa IMEHHO Ha HEaJIeKBATHOM IPECTABIICHNH IIIyMa KBaHTOBaHUs (pHC.

5.16).

W3 pucyHka 5.2 BUIHO, 4TO B CIIy4ae MPEBBILICHUS CUTHAIOM 3HAYCHHUSI
caMOTro BEPXHEro YpPOBHs KBaHTOBaHMs (''cTapiiero" KBaHTa), a TAKXKE B cllydae,
KOI'/Ia 3HAYEHME CUTHaJa OKa3bIBAETCS MEHBIIE HUKHETO YPOBHS KBAHTOBAHUS
("Mnanmero" KkBaHTa), T. €. P OTPAHUYEHUH CUTHAJIA, BO3HUKAIOT UCKAXKEHMSL.
Onu MOryT OBITH rOpa3zio 00Jiee 3aMETHBIMU 10 CPABHEHUIO C IIIyMOM
KBaHTOBaHUA. I NCKIIFOUEHHSI HCKAKEHUI 3TOrO THUIIA JUHAMUYECKUE



nuarna3zonsl curHaia u ALIL qoJKHBI COOTBETCTBOBATE APYT APYTY.

Pucynok 5.2 — KBaHTOBaHHE CUTHAJA 110 YPOBHIO U UCKAKEHUS TIPU
KIIMTIITAPOBAHUY CUTHAJIA

Crnenyer ynoMsiHyTh eliie 00 0AHOM 3a0iysxieHnn. HoT1a MM rpelat gaxe
npodeccruoHanbHbIe 3ByKOpexxuccepbl. OHU YTBEPKIAAIOT MPUMEPHO CIEAYIOLIEE:
"[loBeneHne BOCCTAHOBIIEHHOTO CUTHAJA B MIPOMEXKYTKAX MEKIY OTCUETAMH HE
OTPEEICHO, OH MOXET U3MEHSTHCS IPOU3BOJIbHBIM 00pazoM". O1HaKo, TOBOPS
TaK, OHU 3a0BIBAIOT O TOM, YTO CIIEKTP aHAJIOTOBOT0 CUTHAJIa, MOBEPraroierocs
1M poaHaIoroBoMy Ipeodpa3zoBaHuio, 00s13aTEIHHO TOJDKEH OBITh OTPaHUYEH.
[Toaromy mpu aHajoro-uuppoBOoM NIpeodpa30BaHUU €ro 3HAUCHUS MEXKIY
JUCKPETHBIMHU OTCUETaMU HE MOTYT OBITh MPOU3BOJILHBIMU U MOJIAI0TCS
OJIHO3HAYHOMY BOCCTAHOBJIEHUIO 110 3TUM OTCYETAM.

I[OBOJ'H:-HO YaCTO U3TOTOBUTCIIN, N1OKa3bIBasd ITPCUMYIICCTBO CBOUX 3BYKOBBIX
KapT, TOAYCPKHUBAOT TAKOC O6CTO$ITCJ'IBCTBO, KaK HaJIM49uc y SBYKOBOﬁ KapThI



1 (POBOTO BXO/a M/UJIHM BhIX0AA. JIefiCTBUTEIHLHO, €CITU 3BYKOBas KapTa UMEET
BBIXO/JI, Ha KOTOPBIN CUTHAJIBI MOCTYNAIOT HE B aHajioroBoi (rocie 1{AIT), a B
udpoBoit popMe, ITO MO3BOJSET YMEHBIIUTh UCKAKEHUS, CBI3aHHbBIE C
JOTIOJTHUTENBHBIMU MPE0OpPa30BAHUSIMU NPU JaibHe e nudpoBoit 00paboTke
CUTHaJa BHE 3BYKOBOU KapThl.

B cooTBeTCTBHM € KOHIENINUEN BUPTYAJTIbHOW CTYUU 3BYKO3allUCH BCS
00paboTKa TOJDKHA BRITIOJHATHCS cpencTBamu ogHoro PC. C moMomipio 3TOro xe
PC MOHO NOJy4NUTh U KOHEYHBIN NPpOAYKT — KoMnakT-auck. [{AII Beicokoro
KauecTBa HYK€H TOJHKO JIMIIb JIsI MOHUTOPHUHTA, T. €. JIJISl TOTO, YTOOBI CIIBIIIATH
MIPOUCXOISINIEE B BUPTyaTbHOU cTyauu. Hamnaue mudpoBoro BeIxoaa B
BUPTYaJIbLHOM CTYAUU AA€T MPEUMYIIECTBA TOJIBKO TOT/1a, KOT/1a TpeOyeTcs
BBINOJIHUTG 3anich HAa DAT uiny noaKII0O4YATh BBICOKOKAYECTBEHHBIE
aKyCTHYECKHE MOHUTOPBI, CHA0KEHHBIE IU(PPOBBIM BXOJIOM.

Hanuune mudpoBoro Bxoaa B BUPTYaJIbHOM CTYJUU MOKET OBITh aKTyaJbHBIM B
TOM CJIy4ae, €Clii Bac HE yCTPauBaeT KaueCTBO PabOThI BCTPOSHHOTO B 3BYKOBYIO
kapty ALIIT u BeI XOTUTE HCTIOIB30BATH O0Jiee KauecTBeHHbIN BHemHu ALIL.
Kpowme atoro, nudpoBoii BX0 MOXKET OBITH MOJI€3€H, €CIIi TpedyeTcs "meperuars"”
3anuck ¢ DAT B PC.

[ITym xBanToBanus. Kak ¢ Hum 60poThes? Eciu s ipecTaBieHus 3ByKa
UCIOJIb30BaTh 24- WK 32-0UTHBIE OTCYETHI, TO O IIIyM€ KBAHTOBAHUS MOKHO
3a0bITh (Tak OH cJiad). J[a BOT 6e/1a — OCHOBHBIM MOTPEOUTEIIHLCKUM
aynuodopmatom siBasieTcst popMaT KOMIAKT-IUCKOB: 16 6ut/44,1 kl'1i/cTepeo.
[TosTOMy pa3psAHOCTh TPEACTABICHUS 3BYKOBBIX JJAHHBIX MTPUXOIUTCS MIOHUKATh.
Jlaxxe nipu 16-0uTHOM paspelieHry 3ByKa IIyM KBaHTOBaHHS HEYJIOBUMO MaJl, TEM
HE MEHEe, OH 00J1a/1aeT OJTHOM IIPEHENPUATHEHIIICH 0COOCHHOCTBIO: ATOT IITyM
KOPPEJIUPOBAH C MOJIE3HBIM CUTHAIOM. FIMEHHO IITyM KBaHTOBAaHUSI IPUHUMAET
caMo€ aKTUBHOE y4yacTue B (GOPMUPOBAHUH HETATUBHOTO 00pa3a mu(poBOro 3ByKa
B YMax JIFOJE€W — OH IIJIOCKW, METAJUTMYECKHM, TNTACTMACCOBBIN U T. I. Kak
TOJIBKO paHbIlle HU Ha3bIBanu 16-0uTHBIN 3BYK! Tak OBLIO 0 MOSBICHUS
CHEIUATBHBIX METOJI0B 00pabOTKH ITU(GPOBOTO 3BYKA, HA3BIBAEMBIX JUTCPUHTOM
(dithering) u Hoi3meiHrom (noise shaping). CyTh 1UTepUHTa COCTOUT B TOM,
YTO J10 TOHUKEHUS Pa3PsSIIHOCTH K TTOJIE3HOMY CUTHAJTY IMOIMEIIUBAETCS OYEHb
cialbIil cienuyHbli yM. B pe3ynpraTe 1ryM KBaHTOBaHUS MOMPOCTY
3a0MBaETCs ATUM IIIYMOM, KOTOPBIN B CHITy CBOMX CTaTUCTUUYECKUX CBONCTB
ropaso MEeHbIIE ACHCTBYET Ha NMCUXUKY YesioBeka. KoHeuHo, B pe3ybTare
nostydaercst 6ojee ryMHasi 3auch, HO IIIyM 3TOT, KaK U IITyM KBaHTOBaHUSI,
MPAKTUYECKUA HEYJIOBUM HA CIIyX.

Emie ogun MeTom 60pbOBI ¢ ITyMOM KBAaHTOBAHUSI, HOM3IICHITUHT, 3aKITF0UACTCS
B IPUMEHEHUHN CHEUUAIBHBIX AITOPUTMOB OKPYIJIEHUS 3HAUEHUN 3BYKOBBIX
OTCYETOB NPH MOHWKEHUU pa3psaaHOoCTU. [lociae npuMeHeHnss HOM3IEeUMHIa
OOJbIIIas 9acTh SHEPTHUH IITyMa KBAHTOBAHMS COCPEAOTOUYCHA B 00IACTH BBICOKHX



YaCTOT, K KOTOPbIM YeJI0BCUCCKHUI CHYXOBOﬁ armapaTtr HaMMCHEC BOCIIPUUMYHB.
OOBIYHO HOM3IICHITUHT IMPpUMCHACTCS COBMCCTHO C IUTCPUHI'OM.



