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Beryn

[Mudposuii 3Byk (anrn. Digital audio) — Tepmin, 1o
Y)KUBAETbCS Ha OKPECIeHHS HUPPOBUX TEXHOJOTIH poboTH 3i
3BYKOM. Y BY3bKOMY CEHCi ciioBa, MH(pOBHH 3BYK SBIsIE COOOIO
u(pOBUIl CHTHAJ, B SKOMY 3aKOJOBAHO 3BYK. B OuTbII mIHpOKOMY
CEHCI MOHATTS MU(PPOBHUI 3BYK OXOTUTIOE TAKOX IM(PPOBI TEXHOIOTIT
00poOkm, 30epiraHHs Ta BIATBOpPEeHHS 3BYKY. LludpoBmii 3ByK
NPUHIMIIOBO  BIIPI3HSAETBCA Big aHajuoroBoro. Sk mpaBuio,
IU(GPOBUI CUTHAT OTPUMYIOTH 3 aHAJIOTOBOTO IIJISIXOM HOTO
KoHBepralii y undposuid. Lleit mpouec Ha3uBaeThCS OLUPPYBAHHIM
(oumdpoByBaHHSAM) 1 3IIMCHIOETHCS 3a JOMOMOTOI aHAJIOTOBO-
muppoBoro meperBoproBaua (AL[[l). B wmy3wuHiii mpakTHIli
BUKOPUCTOBYIOTh OJHAK 1 CUTHAJIH, 1[0 MAlOTh BHHATKOBO HH(poBe
MOXOJUKEHHS, HAIIPUKIIA, 3TeHePOBaHi Ha MU(PPOBUX CHHTE3AaTOPAX,
B I[bOMY BHIIQJKy aHAJIOTOBO-UM(POBE TEPETBOPEHHS  HE
3IIHCHIOETHCS.

ExcnepumenTanpHi uQpoBi 3ByKo3anucy icHyBaimu 3 1960-x.
KowmeprriiiHe mnpoaykyBaHHs MHPPOBHUX 3aMUCIB  KIACHYHOT Ta
JDKA30BOT MY3UKH TOYMHAETHCS Ha moyaTky 1970-x, mioHnepamu Oynu
armoHchki kommaHii Denon, BBC Ta Opurancekuii neiidon Decca.
[Mepmmii 16-6itanit PCM-3anuc y CILIA 6yB 3poGnenuit B 1976
poui. B Oimpmiocti  BUMAAKIB  MIKIIYBAaHHS — 3BYKY — HE
3aCTOCOBYBAJIOCh; IIM(PPOBUI  CTEpeo3amiCc BHUTOTOBISABCS — Ta
BUKOPHCTOBYBABCSI SIK HE3MIHHMN MalCTep-3aluc sl HACTYITHOTO
KOMEPIIHOTO BUKOPHCTaHHs Ta mo3Hayascs sk "DDD" . Ilepmum
noBHicTIO mudposuM (DDD) ansb6omom mon-my3uku craB "Bop Till
You Drop" rypry Ry Cooder, 3anucanuii B 1978. [ludposuii 3Byk
BUSIBUBCS. KOPUCHUM JIJIsl 3amHCy, 0OpOOKH, MacoBOro BHPOOHHIITBA
Ta MOMIMPEHHS ay/io.

Cdepa BuxopucTaHHs UU(GPOBOrO 3BYKY HA JaHHWHA Yac
HEBIIMHHO pO3MIHpPIOeThCcsl. Hacammepen me pekpearriiina chepa, ane
octaHHIM uacoM i3 BrpoBamkeHHIM WEB 2.0. BinOyBaerbcs
IHTErpalis MylIbTUMEAIa, 1 U(PPOBOTO 3BYKY 30KpeMa B III00ATbHY
iHpopMaIIiitHY MEpexKy.

OcobmuBictio cydacHoro IT cycminecTBa € neaHoHiMizarlis, i
coliajli3oBaHa r'eHeparis KOHTEHTY. ToMy, OCTaHHIM 4acoM MO>KHa
crioctepiraTé OypXJIMBUH pICT Meia-HaNmpsIMKiB, TIOB’S3aHUX 13
COLIAILHUMH MepeXXaMH: pyX minkactepiB, promodj, Tomo. Tomy
BUHUKAE IJIKOM OOIrpyHTOBaHa MOTpeda B TEXHOJOTIAX 0OpPOOKH
U(ppoOBOrO 3BYKY, sKi Oynmu O IOCTYMHUMH LIMPOKOMY 3araiy
ayIUTOpIi, HE 3aJIeKHO BiJ PIBHSA TEXHIYHOT OCBITH Ta CHEIiabHUX
3HaHb.

Mera faHOi MaricTepchbkoi — JAucepTalii moisrae B
JOCTIDKeHHI 1H(POBOTO 3BYKY SIK SBHUINA, TEXHOJOTIH ioro
00poOKH, a TakoX B Po3poolIi mporpamHOro 3acoly st 00poOKH
1M (POBOTO 3BYKY.

AKTYaJIBHICTB 1aHOT poOOTH BU3HAYEHA HEBIMHHUM POCTOM
MOMYJSIPHOCTI TIUPPOBOTO PopMaTy 3BYKY, a OTXKe, TMOTPeOOI B
MpPOrpaMHUX 3aco0aX, sIKi JIO3BOJISIIOTH IPOBOJUTH OOpPOOKY
1M (POBOTO 3BYKY.

HoBu3zna gnaHoi pobOoTu mosirae y KOMIUIEKCHOMY
3aCTOCYBaHHI  alropuTMiB  OOpokm  1mH(POBOTO  3BYKYy 3
BUKOPUCTAaHHAM BIANOBITHUX METOMAIB HAOMMKEHUX OOYHCICHb
pa3oM i3 eproHOMIYHUM iHTep(ercoM, OpIEHTOBAHUM Ha IHTYITHBHE
CIIPUIHSATTS Ta KOTHITHBHE CAMOHABYaHHS KOPUCTYBaya.

Pe3yiabTaToM po6OTH Mae CTaTH KOMIUICKCHE JOCITIKEHHS
U(ppPOBOrO 3BYKY Ta METOMIB 1 TEXHOJOTIH #oro oOpoOKu.
[IpakTHYHUM pe3yIbTATOM MAa€ CTaTH MPOTPAMHUN 3aci0, SKHiA
MOBUHEH HAIaBaTH TNEPECiyHOMY KOPHCTyBadyy MOJKJIMBICTh
penaryBaHHs Ta 00poOKH TU(DPOBOTO 3BYKY.

Amnpo6anist poooTu. OxpeMi po3un aucepraitii Oymm
JOKJIa/IeH1 1 OTpuMaii 0J0OpeHHs Ha HAYKOBHX KOH(EPEHIIIAX
cryneHTiB i acmipanTiB y 2010 12011 pokax, a TakoX Ha HAYKOBOMY
ceMmiHapi kaeIpr MaTeMaTUIHOTO MOJICTIOBAHHSI.

IMy6aikanii. OCHOBHI MOJOKEHHS AUCEpTAIlil ONyOJIiKOBaHI B
MoHorpadii aBTopa : Bonscbkuii A.B. PozpoOka nmporpamuoro
3abe3neueHHs u1t 00poOKu mrudpoBoro 3ByKy. HaykoBuii kKepiBHUK
10.I" JloTiok. HaykoBwii koHcynsTanT P.M.JlitHapoBuyu. MET'Y,
Pisne, 2012.- 83 c.



OcCHOBHI M0J102KeHHA nncepTaui'l', IO BUHOCATHCHA HA 3aXUCT:

¢ JIOCIHIPKEHHS TEOPETHYHUX OCHOB LIM(POBOTO 3BYKY, Ta
OCHOBHHX TE€XHOJIOT1H Horo 00pooKw;

¢ po3poOka mporpamu yisi 00poOkH U(POBOTO 3BYKY Ha OCHOBI
OTPUMAaHUX TEOPETUUHUX PE3YNIbTATIB;

¢ Monudikalis mapaMeTpiB 3ByKOBOTO CUTHAIY;

¢ 1paBka (hparMeHTiB 3BYKOBOTO MOTOKY (CEMILTIHT);

¢ 00poOka 3BYKOBOTO psAy 3 BHKOPUCTaHHSIM  (inbTparrii
(MiKCyBaHHS);

¢ CHHTE3 HOBHX €JIEMEHTIB 3BYKOBOTO psiny (OiT-reHepaTop);

Crpykrypa i 06’°eM podoTu:

Marictepcbka JHcepTailis CKIAJa€ThCs 13 BCTYMY, JBOX
po3aTiB, pO30MTUX HA MiAPO3AUIM, BHUCHOBKIB 1 CIHCKY
BUKOpUCTaHUX JuKepen. O0csr aucepranii 83 cropinku, 11 pucyHkis,
Crnucok BUKOPHUCTAHOT JiiTepaTypu i3 15 HaliMeHyBaHb, B TOMY YHCITi
4 Ha IHO3EeMHII MOBI.

Po3ain I. Teopernuni ocHOBH 00po0KkHu HM(PPOBOTo 3BYKY.
1.1. Indpose npeacrasieHHsI 3BYKOBUX CUTHAJIB.

TpaauuiiiHe aHalOTOBE MPEACTABICHHS CUTHAJNIB 3aCHOBaHE
Ha MOMI0HOCTI (AaHAJIOTIYHOCTI) €IEKTPUYHUX CUTHAIIB (3MIH CTPyMY
1 Hampyrud) TpeACTaBIEHUM HUMH  IIOYAaTKOBHM  CHTHAJIaM
(3ByKOBOMY THCKY, TeMIepaTypi, MMBHUIKOCTI 1 T.M.), a TaKOX
noaiOHOCTI  (OopM  ENeKTPUYHUX CHUTHAIB B PIBHUX TOYKaX
MIICKITIOBAJIFHOTO 200 Tepenarodoro Tpakrty. dopma enekTpuyHOi
KpHBOI, 1110 ONUCYE (TaKOXK FOBOPATH - HECYUO1) MOYATKOBUM CHUTHAI,
MaKCHUMaJIbHO HaOJIKeHa 10 (JOpMHU KPUBOT IILOTO CUTHAIY.

Take ysaBNeHHS HAHOUIBII TOYHE, NPOTE IOHAKWMEHINE
CTIIOTBOPEHHSI (POPMU HECYUOTO EJEKTPUYHOTO CUTHATY HEMUHYYe
CIPUYUHUTH 32 COOO0 Take K CHOTBOPEHHS (OPMU 1 CUTHAIY IO
nepeHocuThes. B TepMinax Teopii iHpopMariii, KUTbKicTh iH(opmMarii
B HECYYOMY CHTHaJi B TOYHOCTI piBHa KiTbKOCTI iH(opmamii B
CUTHAJII TOYAaTKOBOMY, 1 €JIEKTpHYHE NPEICTABICHHS HE MICTUTh
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HAJMIpHOCTI, siKa MoTJia O 3aXWCTUTH HECYyYMil CHUTHAll Bif
CTIIOTBOPEHB IpH 30epiranHi, mepenadi i miJICUICHHI.

[Mudpose npeAcTaBICHHS €IEKTPUYHUX CHTHAIIB MOKIMKAHE
BHECTH B HHMX HaJIMIpHICTb, IO oOepirae ix Bia Jii mapa3suTHUX
nepemkod. Jlnsg 1mboro Ha o HeCydui  €NEKTPUYHMM  CUTHAJ
HAKJIAJal0ThCs CepHO3HI OOMEXKEeHHS - HOro aMIulTyJa MOXe
npuiiMaTH TUTBKY JBa TpaHU4HI 3HaueHHs - 01 1.

Bcst 30Ha MOXIIMBUX aMIUTITY/] B IbOMY BHIIJIKy JUTHTHCS Ha
TPU 30HU: HIDKHS TPEACTaBIsi€ HYIbOBI 3HAYCHHS, BEpXHS -
OJIMHUYHI, a MPOMDKHA € 3a00pOHEHOI0 - BCepenuHy Hei MOXKYTh
NOTPAIUIATH  TUIBKM — TMepemKkoad. TakuMm  4YuHOM, Oyab-sKa
MEPEIIKOo/a, aMIUTITY/a SKOT MEHIIIE TOJOBUHH aMIUTITYAH HECYYOTO
CUTHAITy, He POOHUTH BIUIMBY Ha MPaBHIBHICTH Nepeaadi 3HaueHb 0 i
1. Iepemkoau 3 OLIBIIOI aMIUTITYA0I0 TaKOX HE POOJSATH BILTUBY,
SKIIO TPUBAJTICTH IMITYJIBCY MEPEIIKON BITIYTHO MEHIIIE TPUBAIOCTI
iHpOpMaIlIfHOTO IMIYIBCY, a HAa BXOJI MpHiiMada BCTAHOBICHHIMA
GUIBTp IMITYJTBCHHUX TEPEIIKOI.

CbhopMoBaHMii TakMM YMHOM UUGPOBUI CUTHAI MOXKE
MEPEeHOCUTH Oyab-sIKy KOpPHCHY iHQOpMalilo, SKa 3aKoJoBaHa Y
BUTJISAI TTOCITIZIOBHOCTI OITiB - HYIIB 1 OJTMHHIIb; OKPEMHUM BHITaJKOM
Takoi iH(opmalii € eneKTpu4Hi 1 3ByKOBi curHamu. TyT KiTbKiCTh
iHpopMarllii B HecydyoMy ITUGPOBOMY CUTHAJI 3HAYHO OULTBINE, HIK B
KOJOBAaHOMY TIOYaTKOBOMY, TaK IO HECYYHMH CHUTHAJl Ma€ TMEBHY
HA/JIMIPHICTh IIIOJI0 TOYATKOBOTO, 1 OyAb-fKi CIIOTBOPEHHS (OpMH
KpUBOi HECY4Oro CHUTHAy, IpH SKUX Ine 30epiraeTbcs 3IaTHICTH
npuiiMava MpaBIIIBHO PO3PI3HATH HYIII 1 OMHUII, HE BIUTMBAIOTH HA
JOCTOBIPHICTB NIepeaBaHOl UM curHasioM iHpopmartii. [IpoTe y pasi
Aii 3HAUYHUX TMepemKkoa (Gopma CHUTHAy MOXKE CIIOTBOPIOBATHCS
HACTUTbKH, IO TOYHA Tiepelrava IMepeHoCHMOl iHdopMalii crae
HEMOXIIUBOIO - B Hil 3'IBISIOTHCS TOMMIIKH, SKi TMPH TPOCTOMY
croco0i KOAyBaHHs MpUiiMad He 3MOKe He TUIbKH BUIIPABUTH, ale i
3HAWUTH.

Jns me OUIBIIOTO MIiNBUIICHHS CTiliKOCcTi 1H(POBOTO
CHUTHAJIy [0 TEPeUIKoJ 1 CIIOTBOPEHb 3aCTOCOBYETHhCS LH(pOBE

HagMipHe KoayBaHHS 1BOX THmiB: mepeBipouni (EDC - Error
Detection Code) i kopekrytodi (ECC - Error Correction Code) xou.
8



[MudpoBe KoOIyBaHHS TMOJSTAaE B MPOCTOMY JOJaBaHHI JI0
MOYaTKOBOI iH(opMarii 1omaTkoBuUX OiTiB 1/ab0 TepeTBOpeHHi
MOYATKOBOTO OITOBOTO JIAHIIOKKA B JIAHIIIOKOK OUTBIIOT JOBXKUHH 1
iHmoi crpykrypu. EDC mo3Bosisie mpocTO 3HAWTH (PaKT MOMHUIIKU -
CTIIOTBOpPEHHsI a00 BHUMAJaHHS KOPHUCHOI ab0 TOSBY MOMMIKOBOT
udpu, mpore iHPoOpMAIlii, IO TMEPEHOCUTHCS, B IOMY BHUMAIKY
TakoX crnotBoproeThes; ECC  no3Boisise 3pa3y kK BUIIPABIATU
3HaliZIeHI MOMWIKH, 30epiraroun iHQOpMalio, MO NEPEeHOCUTHCS,
He3MIHHOI0. [t 3py4HOCTI 1 HamaiitHOCTI iH(pOpMaIliio po30MBaIOTh
Ha Onokm (Kaapw), KOXKHHNM 3 SKHX 3a0e3MeuyeThcsl BIACHUM
Ha0OPOM LIKX KOJIIB.

Koxen Burmin EDC/ECC wmae cBOo MeXy 34aTHOCTI
3HAXOAWTU 1 BUMPABIATA TIOMWIKH, 32 SKUM 3HOBY HOYMHAIOTHCS
HEe3Hal/leHI MOMWIKH 1 CcHoTBopeHHs iH(opmarii. 30iTbIIeHHS
o0'emy EDC/ECC momo o6'emy mnouarkoBoi iHdopmamii B
3aralbHOMY BWIAJKy IIIBHIIYE 3JaTHICTh IIMX KOIIB [0
3HAXO/PKEHHS Ta KOPEKTYBAaHHS CUTHAITY.

Sx EDC mnonynspamii tukiniyHuid HaaMmipamii koxg CRC
(Cyclic Redundancy Check), cyrs skoro monsirae B CKIQIHOMY
nepeMillyBaHHI MOYaTKOBOi iHGopmamii B O6momi 1 ¢GopMyBaHHIO
KOPOTKUX JIBIHKOBUX CJiB, PO3PSAON SKUX 3HAXOAATHCS B CHIIbHIN
NepeXpecHiil 3aIeKHOCTI BiJl KO)KHOTO OiTa OJIOKY.

3MiHa HaBiTH OAHOTO OiTa B OJIOII BUKIMKAE 3HAYHY 3MiHY
obuncnenoro mo HpoMy CRC, i1 BipOTigHICTP TaKOTO CIIOTBOPEHHS
o6iriB, mpu skoMy CRC He 3MIHUTBCS, HAJ3BUYAIHO MaJla HaBiTh MPH
KOPOTKHX (JIEKUJTbKa BiICOTKIB Bil JOBXHHU 0JI0KY) ciioBax CRC. fk
ECC BukopucroBytoThcst koau Xemminra (Hamming) i Pina-
Conomona (Reed-Solomon), siki Tako BKIIIOYarOTh B cede 1 GpyHKIil
EDC.

IHdopmaniiina HagMIpHICTF HECYYOTO IU(PPOBOTO CUTHATY
MPUBOAUTH JI0 3HAYHOTO (Ha MOPSAOK 1 OUTBIIE) PO3IMUPEHHSI CMYTH
9acTOT, II0 BUMAra€eThes Ui HOTO YCIIIIHOT epeaadi, B MOPIiBHIHHI
3 TMepelaydero MOYaTKOBOTO CHTHANy B aHaloroBiii ¢opmi. Oxpim
BIacHe iH(opMaLiiiHOT HAaAMIPHOCTi, [0 PO3MIMUPEHHS CMYTH
MPUBOANTH HEOOXIMHICTh 30€peKeHHS JIOCHTh KpYTUX (DpPOHTIB
U (POBUX IMITYJIBCIB.

OxpiM 1ineit 3axucty Bia 3aBaj, iHpopMmalis B nuppoBOMY
CUTHAJI MOXe OyTH TiJJaHa TaKoX JIHIMHOMY a00 KaHaJIbHOMY
KOJYBaHHIO, 3a/ladya SKOTO - ONTHMI3YBaTH €JIEKTPUYHI MapaMeTpu
curHaiy (CMyry 4YacToT, TOCTIHY CKJIQJOBY, MIiHIMaIbHy 1
MaKCUMaJIbHY KUTBKICTh HYJIBOBHUX/OJUHUYHHUX IMITYJIBCIB B cepii 1
T.I.) TiJl XapakTePUCTUKU pealbHOTO KaHaly mepenadi abo 3amucy
CHUTHAIY.

OpepxaHMii HeCydMi CHUTHajl, y CBOIO YEpry, TaKOX €
3BHYAHUM ENEKTPUYHUM CUTHAJIOM, 1 JI0 HBOTO MOXYTh OYyTH
3aCTOCOBHI Oy/Ib-sIKi omeparlii 3 TAKUMHU CHTHAJIAMHU - Tepeaada Imo
Kabemto, TMiACWICHHS, (UIBTpYBaHHS, MOMYJAIISL, 3amuc Ha
MAarHiTHHH, ONTAYHHUI a00 IHIIWI HOCHH 1 T.I. €IMHUM 0OMEXEHHIM
€ 30epekeHHs IHPOPMAIIHHOTO BMICTY - Tak, 00 MPH MOJATBIIOMY
aHami3i MoOXHa OyJlo OJHO3HAYHO BHJAUIUTH 1 JI€KOJyBaTH
iH(opMaito, a 3 Hel - MOYaTKOBHI CUTHAIL.

[TouaTkoBa opma 3ByKOBOTO CHUTHAIIYy - Oe3lepepBHA 3MiHa
aMIUTITYId B 4Yaci - TIPEJCTABIAEThCS B MHPPOBiA ¢dopmi 3a
JIOTIOMOTOF0 "MepexXpecHOi MUCKpeTH3allii” - 32 4acoM Ta piBHEM.

3rinno Teopemu KotenbHHKOBA, Oyab-sKUil Oe3nepepBHUIA
mporec 3 OOMEXKEHUM CIIEKTPOM MOK€ OYTH TMOBHICTIO ONHCAHUN
JMCKPETHOIO TMOCIIIOBHICTIO HOTO MUTTEBUX 3HA4Y€Hb, HACTYIHUX 3
94acTOTOI0, SIK MIHIMYM YJIBidi MEPEBUIIYIOY0] YACTOTY IIOHAMBUIIO]
TapMOHIKM TIpolecy; 4Yactora Fd BHUOIPKM MHTTEBUX 3HAYCHb
(BIITIKIB) HA3MBAETHCS YACTOTOIO IUCKPETHU3AILIT.

3 TeopeMHU BUXOJUTb, 1110 CUTHANI 3 4acTOTOr0 Fa Moxe OyTu
VCITIIITHO TUCKPETH30BAHUM 32 YacOM Ha 4acTOTi 2Fa TUIbKH B TOMY
BUIIAJIKY, SKIIO BiH € YUCTOIO CHHYCOi/I010, 00 Oy/Ib-siKe BiIXUICHHS
BiJl CHHYCOINANBbHOT (POPMH MPUBOAUTH 10 BUXOJY CIIEKTPY 32 MEXI
qacToTu Fa. TakuM 4WUHOM, JUIS 4aCOBOI JUCKPETHU3allii JOBUTLHOTO
3BYKOBOTO CHTHaJy (IIO 3BHYaHO Ma€, $K BIiIOMO, IUIABHO
CTaJafounii CIEeKTp), HEOOXigHUN ab0 BUOIp YaCTOTH JUCKPETU3aIlil
13 3amacoM, abo MpuUMycoBe OOMEXKEHHS CIIEKTPY BXITHOTO CHUTHATY
HIDKYE 32 [MOJIOBUHY YaCTOTH JUCKPETH3AIII].

OnHOYacHO 3 YacoBOIO JIMCKPETH3AIEI0  BHUKOHYETHCS
aMIUTITYIHa - BUMIPIOBAHHS MUTTEBUX 3HAYCHb aMIUNTYIH 1 iX
MPEJCTAaBICHHS Y BUIJIA/I YHCIOBHUX BEJIWYHMH 3 MEBHOIO TOYHICTIO.
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TouHicTe BUMIpIOBaHHS BH3HAYa€ CIIBBIAHOIIEHHS CHTHAJ/IIYM i
JIMHAMIYHUHN Jlana3oH CUTHANY (TEOPETHYHO 1€ - B3a€EMHO-3BOPOTHI
BEJIMYUHH, TIPOTE OyIb-IKH peabHUI TPAKT MA€ TaKOX 1 BIACHUMN
PIBEHb IIYMIB 1 IEPELIKO).

Opnepxanumii mOTIK ywcen (cepii ABIMKOBHX IHQp), IO
ONMHCYe 3BYKOBHH CHUTHANl, HAa3MBalOTh  IMITYIBCHO-KOJIOBOIO
moxyisiiero abo IKM (Pulse Code Modulation, PCM), ockinbku
KOKEH  IMIIyIbC  JUCKPETH30BAaHOTO 32  4YacoM  CHUTHAIy
MPEJCTABISETHCS BIIACHUM HU(DPOBUM KOJIOM.

Haifuacrime 3acTOCOBYIOTH JIiHIHHE KBAHTYBaHHS, KOJIU
YHCIIOBE 3HAYCHHS BIJIIKY MPOTOpIiiiHEe aMIUTiTyAi curHany. Yepes
norapuMiuHy IpUPOY CIyXy AOUUIBHIMM Oyno O sorapudmidne
KBAaHTYBaHHS, KOJHM YHCJIOBE 3HAUEHHS MPOMOPIliiHE BEIUYNHI
CUTHAJy B JerubOenax, mpoTe Iie 3B'S3aHO 3 TPYAHOIIAMH YHCTO
TEXHIYHOTO XapakTepy.

YacoBa IuCKpeTH3allisl 1 aMIUTITYAHE KBAaHTYBaHHS CUTHATY
HEMHHY4YE BHOCATh B CHTHQJI IIYMOBI CIOTBOPEHHS, PIBEHb SKHX
MIPUIHSTO OIIHIOBATH 1O POPMYITi:

6N + 10lg (Foucxkp/2Fmaxc) + 3 (0b),

Jie KOHCTaHTa 3 BapIlOETHCS ISl PI3HUX THITIB CUTHANIB: IS
gyrcToi cuHycoinu e 1.7 ab, Ui 3ByKOBUX CHTHAJIB - Bix -15 g0 2
nb.

3BiICK BUAHO, IO 1O 3HIKEHHA LIYMIiB B poOodYild cmy3i
gactoT (..Fmaxc TpuBOAWTH HE TUIBKUA 30UTBIIEHHS PO3PSAHOCTI
BIUTIKY, ajie i MiABUINEHHS YacTOTH TUCKpeTH3amii moao 2Fmaxc,
OCKUTBKH ITYMH KBAaHTYBaHHS '"pO3Ma3yloTbes" MO BCI CMy3i ax 10
YacTOTH JUCKpeTH3alii, a 3BykoBa iH(opmaris 3aiiMae TUIbKU
HIDKHIO YaCTUHY ITi€T CMYTH.

Y  OimpmocTi Cy4acHMX IMQPPOBUX 3BYKOBUX CHCTEM
BUKOPUCTOBYIOTBCS CTaHJAPTHI 4acTOTH auckperusamii 44.1 i 48
k['1, mpore YacTOTHMH Jiana30H CUTHAIY 3BHYAHO OOMEXKYETHCS
Ot 20 k"1 U1 3aMIIeHHS 3amacy Mo BiTHOMIEHHIO JI0 TEOPETUYHOT
Mexi. Takox HaiOULIBII TommmpeHe 16-po3psiiHe KBaHTYBaHHS IO
pIBHIO, IIO JIa€ TPAHUYHE CIIBBIAHOIICHHS CHUTHAIL/IIYM ONHU3BKO 98
nb. VY cryniiiHiii anapatypi BUKOPUCTOBYIOThCS BHIII piBHI - 18-, 20-
1 24-po3psiiHe KBaHTYBaHHS MPU YacTOTaxX AMCKpeTH3amii 56, 96 i
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192 xI'u. Lle poOuthcst ans Toro, Mmoo 30eperTH BUILI TapMOHIKH
3BYKOBOTO CHUTHANY, 5IKi O€3MOCEpeaHbO HE CIPHUIMAIOTHCS CIIyXOM,
aJie BIUIMBAIOTh Ha (POpMyBaHHS 3arajbHOi 3ByKOBOT KAPTHHH.

Jis oundpoBKK OUTBIT BY3BKOMOJOCHUX 1 MEHII SKICHUX
CHUTHQJIIB  4YacTOTa 1 PO3PSAHICTh  JTUCKPETH3allii  MOXYTh
3HIKYBATHCS; HAPUKIIAA, B TeJIeQOHHHX JIHIIX 3aCTOCOBYETHCS 7-
abo 8-pospsmHa onmdposka 3 vacroramu 8..12 k1.

[IpencraBieHHs aHAIOTOBOTO CHUTHAITY B HU(POBOMY BUTIISIL
HA3WBAETHCS TAKOXK IMIYIbCHO-KOI0BOIO Moayisitiero (IKM, PCM -
Pulse Code Modulation), OCKiTbKM CHTHaJd TIPEACTABISAETHCS Y
BUTJISAI cepil IMITYJIbCIB MOCTIHHOT 9acTOTH (YacoBa JUCKpETH3AIlis),
aMIUTITY1a SKAX TepeJacTbess IUPPOBUM KOAOM (aMILTITyIHA
muckperusanis). PCM-noTik Moxe OyTH sIK mapajelbHUM, KOJIH BCi
01T KOXKHOTO BiIUTIKY MEPEaloThCs OJJHOYACHO IO JCKLUTBKOX JIHISIX
3 YacTOTOK JWCKpeTH3alii, Tak 1 TMOCTIJOBHUX, KOIU OiTH
MePeIaloThCS OJIMH 32 OJTHAM 3 BHIOKO YACTOTOIO 110 OJIHIH JIiHii.

Cam mmdpoBuii 3BYK 1 pedi, IO BIAHOCATHCA A0 HBOTO,
NPUKHHATO TIO3HAYATH 3arajbHUM TepMmiHoM Digital Audio; ananorosa
1 dpoBa YACTHHH 3BYKOBOI CHUCTEMH IO3HAYAIOTHCS TEPMiHAMHU
Analog Domain i Digital Domain.

1.2. IleperBopenns AL Ta IAIIL

AnHanoroBo-1udppoBuil i nuppo-aHaJIOrOBUN HEpEeTBOPIOBAYI
€ HeBiJ'€MHIMH YacTUHAM KOJTyBaHHs nudpoBoro curraiy. [lepmmit
MIEPETBOPIOE aHAJIOTOBUI cUTHAN B HM(pOBE 3HAYEHHS aMILIITY.H,
ApYyrouii BHKOHYE 3BODOTHE TIEPETBOPEHHSA. Y  aHTJIOMOBHIi
mitepatypi 3acrocoBytothess Tepmiam ADC 1 DAC, a cymimeHuit
nepeTBoproBay HazuBaroTh codec (coder-decoder).

[Mpuntun po6otrn ALIl monsrae y BUMIpIOBaHHI piBHS
BXIIHOTO CHTHAJy 1 BHWAa4i pe3ynbTaTy B IHQpoBid ¢opmi. B
pesymbrati pobotu AIIIl Oe3mepepBHUII aHANTOTOBHIA CHUTHAI
MEPETBOPIOETHCS HA IMIYJIBbCHUH, 3 OJHOYAaCHUM BUMIPIOBAHHSIM
aMIUTiITYIn KoKHOTO immynbey. LIAIT HaOyBae Ha BXoni mudpose
3HAUEHHS aMIUITY[H 1 BHJIA€ HA BHUXOJI IMITYJIbCH HAmpyru abo
CTpyMy NOTPiOHOT BETMYMHH, SIKi PO3TAIIOBAHUN 32 HUM IHTETPATOP
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(amamoroBuii (GiTBTP) MEpeTBOPIOE Ha OE3MEpEepPBHUN AHAJOTOBHIA
CHUTHAJL

s mpaBunbHOi poboTu AL BXigHMI CUTHAN HE MOBHUHEH
3MIHIOBATHCS MPOTATOM Yacy MEPEeTBOPEHHS, U YOT0 Ha HOTO BXO/i
3BUYAMHO TIOMINIAEThCS CXeMa BUOIpKH-30epiranHs, 1mo (Qikcye
MUTTEBUN DPIBEHb CHTHANY 1 30epirae Horo mpoTAroM BCHOTO Hacy
neperBopenns. Ha Buxomi I[AIl Takox MoO)Xe BCTaHOBIIOBATHCS
nojniOHa cxema, M0 TMPUTHIUYyE BIUIMB TEPEXiTHUX TPOIECIB
ycepenuni L{AIT Ha mapaMeTpy BUXiJHOTO CHUTHAITY.

IIpu  dacoBii  JAWCKpeTW3amlii  CIEKTp  OAEPIKaHOTO
IMITYJIbCHOTO CHTHAJIy B CBOill HIKHIA wactuHi (..Fa TOBTOpIOE
CIIEKTp MOYAaTKOBOTO CHTHANy, a BUIIE MICTUTH DSl BiII3EpKaJCHb
(aliases, m3epkambHUX CHEKTPIB), SKi PO3TAIIOBAaHI HABKOJIO YaCTOTH
muckpernsanii Fd 1 11 rapmonik (6iuni cmyru). Ilpu npomy mepiie
BiJUI3epKAJNICHHST CIIEeKTpY Bin wactrotw Fd y pasi Fd = 2Fa
PO3TAIIOBYETHCS 0E3MOCEPETHRO 32 CMYTOI0 TIOYaTKOBOTO CUTHAINY, 1
BUMarae Jiisi WOTO TpHAyIIEHHs aHanoroBoro ¢imsTpy (anti-alias
filter) 3 Bucokorw Kkpyru3HOIO 3pidy. Y Al weit ¢impTp
BCTaHOBJIIOETHCS HA BXOJIi, 100 BHKIIIOYUTH MEPEKPHUTTS CHEKTPIB i
ix iHTepdepenmiro, a B I[AIl - Ha BuxOmi, MO0 TOJABUTH Y
BUXITHOMY CHUTHaJi HaJATOHAJbHI TEpEIIKOIH, BHECEHI YacCOBOIO

TMCKPETU3AIIIEIO.
B ocHOBHOMY 3acTocoByeThCs Tpu KOHCTpYKItii ALIIT:
e rmapajenpHi -  BXIIHMH  CHTHal  OJHOYACHO

MOPIBHIOETHCS 3 €TAJJOHHUMH PIBHSIMH HAOOpOM CXeM
MOpIBHSAHHS  (KOMIMapaTropiB), ski (QOpMyIOTh Ha
BHXO/Ii BilikoBe 3Ha4ueHHS. Y TakoMy ALIII KibKicTh
KomnapaTopiB piBHa (2 B crymeni N) - 1, ne N -

PO3PAIHICT 11 (ppoBoro KOOy (mns
BOCBMHUpPO3psAAHOrO - 255), mo He J03BOJIsE
HapOIIyBaTH po3psiaHicTh monay 10-12.

® TIIOCTIOBHOTO HAOMMKEHHS - IIEpeTBOpIOBaY 3a

nonomoroto nornomikHoro IL[AIl reHepye eranoHHMIA
CHTHAJI, TOpIBHIOBAaHWHA 3 BXigHUM. ETanoHHUi
CHUTHAJI TOCTIZOBHO 3MIHIOETBCS 33 MPUHIIUIIOM
MOJIOBUHHOTO  pO3MOALTY  (IMXOTOMIi),  SKHM
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BUKOPHUCTOBYETHCSI B 0araTbOX METOJaxX IMOIIYKY
NPUKIAJAHOT MaTeMaTHKH, 10 cxoauTbesa. Lle
JI03BOJISIE  3aBEPIIUTH TEPETBOPEHHS 3a KUIBKICTh
TakKTiB, PIBHY PO3PSIIHOCTI CJIOBa, HE3aJEKHO BIJ
BEJIMYMHH BXITHOTO CUTHAIY.

¢ 3 BUMIPIOBAHHSM YaCOBUX IHTEPBAIIB - MIUPOKA Tpyma
AL, 10 BUKOPHUCTOBYE UIsi BUMIPIOBAHHS BXiJIHOTO
CHUTHAJIy pi3HI NPUHIMIN TEPETBOPEHHsS pIBHIB B
MPONOPIIHHI YacoBi iHTEpBaIM, TPHUBAIICTh SKHX
BHUMIPIOETHCSI 32 JIOTIOMOTOI0 TaKTOBOTO T'eHepaTropa
BHCOKOI YaCTOTH.

Cepenn ALIl 3 BuUMIpIOBaHHSIM 4YacOBHUX IHTEpBAIIB
NepeBakar0Th HACTYITHI TPU THIIU:

® TIOCTIIOBHOTO paxyHKy, abo OJHOpa30BOi iHTerparii
(single-slope) - B KOXHOMY TakTi TNEpPETBOPEHHS
3aIyCKAEThCSl ~ TeHEepaTop  JIHIHHO  3pOCTarouoi
Hanpyrd, sSKa TOPIBHIOETHCA 3 BXIIHUM. 3BHYANHHO
TaKy HaAmpyry OJIepPKYIOTh Ha nomoMbkHOMy [[AII,
moxiono AL mocaigoBHOTO HAOIMIKESHHS.

e moxBiiiHOI iHTerpanii (dual-slope) - B KOXXHOMY TakTi
MIEPETBOPEHHS BX1THUH CUTHAI 3apspKae
KOHJICHCATOP, SKUH MOTIM PO3PSAIKAETHCS HA PKEPEITO
OMOpHOi HANpPYrd 3 BHUMIPIOBAHHSIM TPHBAJIOCTI
po3psy.

e crexadi - Bapiant ALl mocnimoBHOTO paxyHKy, Ipu
AKOMY  T€Heparop  CTaJOHHOi  Hampyru  He
Mepe3anycKkaeThCsl B KOXKHOMY TaKTi, a 3MIiHIOE HOTO
BiJl MONIEPEAHBOTO 3HAYCHHS J0 TIOTOYHOTO.

HaiimonynsipHimum  BapianToM crexadoro ALl e sigma-
delta, mo mpamroe Ha yacToTi Fs, sxa 3HayHO (y 64 i1 Oinplie pa3iB)
MEPEeBUIIYE YacCTOTy AMCKpeTrw3amii Fd BHXIZHOTO UU(PPOBOTO
curHaiy. Kommnaparop takoro AIIIl Bumae 3Ha4YeHHS 3HIKEHOL
po3psAaHOCTI (3a3BUYail oqHOOITOBI - 0/1), cyma sSKMX Ha IHTEpBai
mickperusanii Fd mporopiiiiHa BenMwduHI BimIiky. [TocimimoBHICT
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MAJIOPO3PSIHUX 3HAUYEHb MiATaeThes IUPPOBIH  QimpTpamii i
MOHIKEHHIO YacTOTH TPOXOJpKeHHs (decimation), BHACIIZOK YOTO
BHUXOJIUTh CEpis BIWIIKIB 13 3aJaHOI0 PO3PSTHICTIO 1 YacTOTOIO
muckperusaiii Fd.

JInsi TIONIMIICHHS! CMIBBITHOUICHHS CHUTHAJI/IIYM 1 3HMKEHHS
BIUIMBY TIOMWJIOK KBaHTYBaHHS, sK€ Yy pa3l OJHOOITOBOTO
MEPEeTBOPIOBAYA BUXOJUTH JOCUTh BUCOKUM, 3aCTOCOBYETHCS METOJ
dbopmyBaHHS TIIyMy (noise shaping) uepes3 cxemu 3BOPOTHOTO 3B'S3KY
MOMUJIKOBOTO 1 mudpoBoro  ¢QinpTpyBanHs. B pesynbrari
3aCTOCYBAaHHS IIbOTO METOAY (hopMa CHEKTPY IIyMY MIHSETbCS TakK,
[0 OCHOBHA IITyMOBa CHEPTis BUTICHSETHCS B OOJIACTH BWINE 3a
MOJIOBUHY YacTOTH Fs, He3HAUYHA YaCTHHA 3AIMINAETHCS B HUKHIN
MOJIOBHHI, 1 TIPAaKTUYHO BECh IIYyM BHIANSAETBCA 13 CMYTH
MOYATKOBOTO aHAJOTOBOTO CUTHAIY.

ITAIT B ocHOBHOMY OyAyIOThCS 32 TphOMAa MPUHLIMITAMU:

® 3BaXYyMOUi - 3 MiJICYMOBYBaHHSM 3BaKEHHX CTPYMIB
abo Hampyr, KOJM KOXEH pO3psa BXIJHOTO CIOBa
BHOCHUTH BIIIOBIMHWUNA CBOI ABIMKOBI Ba3li BHECOK B
3arajibHy BEJMYMHY OJEPKYBAaHOTO  aHAJIOTOBOTO
curnany; taki [{AIl Ha3uBarOTh TaKOXK MapalieTbHAMHU
abo GaraTopo3psiiauMu (multibit).

e sigma-delta, 3 MOTIEPETHBOIO U (PPOBOIO
MEPEAUCKPETH3AIIEI0 1 BHUAAYCI0 MAaJOPO3PSIAHUX
(3BU4aliHO  ONHOOITOBMX) 3HAY€Hb HA  CXEMY
dbopMyBaHHS €TaJOHHOTO 3apsdy, SKi 3 TakKOK X
BHCOKOI0O YacCTOTOKO JOJAIOThCA 10  BUXITHOTO
curnany. Taki [{AIT HOcsAT Takok Ha3By bitstream.

® 3 MHPOTHO-iMIyNbcHOIO Moxayisiiero (LIIM, Pulse
Width Modulation, PWM), xonu Ha cxemy BHOIpKH-
30epiraHHss ~ aHAJIOTOBOTO  CHUTHANY  BUIAIOTHCA
IMITYJIBCH TTOCTIHHOT aMITIITY/IM 1 3MIHHOT TPHBAJIOCTI,
VIPaBJIAIOYN JIO3YBaHHAM BHXIIHOTO 3apsay. Ha
[IbOMY TPHHIHMII TPAIIoTh nepeTBoproBadyi MASH
(Multi-stAge Noise Shaping - 0OaratocramiitHe
¢dopmyBanHs mymy) ¢ipmu Matsushita. CBoto Ha3By
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i [IAIl onepskanm yHAcCHiIOK 3aCTOCYBaHHS B HUX
JEKITbKOX MOCIiIOBHUX (POPMYBaUiB IIyMYy.

[Ipy BUKOPUCTaHHI TEPETUCKPETH3allii B JECATKH pasiB
(3a3Buyail - 64x..512X) cTa€ MOXJIMBHM 3MEHIIUTH PO3PSAIHICTH
LIAIT 6e3 BimuyTHOi BTpatm sikocTi curnamy; LIAIl 3 MeHmmM
YHCIIOM PO3PSIIiB BOJIOMIIOTH TAKOXK KPAIIOTO JIHIHHICTIO.

@®opma BuxigHoro curHaiy Takux LAIl € kopucHum
CHUTHAJIOM, OOpaMJICHUM 3HAYHOIO KUTBKICTIO BHCOKOYAaCTOTHOTO
mymy, SIKHH, TpoTe, eQEeKTHBHO TNPUTHIYYETHCS AHAIOTOBUM
(GUIBTPOM HABITH CEPETHBOI TKOCTI.

HAIT € "npamumu" OpUCTPOSIMHU, B SKUX TEPETBOPEHHS
BUKOHYETbCs Tpocrimie i mBuame, HbK B ALl sxi B Oumbmiocti
CBOTH - TIOCIIIOBHI 1 TOBUIBHIIII TPUCTPOI.

[lepemuckperm3arniss  (oversampling) 1e  TUCKpETH3AIlis
CHTHAIy 3 4YacTOTOI, M0 TEPEeBHIIyE OCHOBHY 4YacTOTY
muckperusanii. [lepenuckperusaiis Mo>ke OyTH aHAIOTOBOIO, KOJIH 3
MIJIBUIIIEHOI0 YaCTOTOIO POOJIATHCS BHOIPKHM MOYATKOBOTO CHTHAIY,
a00 1nn(ppoBOrO, KOJM MDK BXKE ICHYIOUMMH HU(PPOBUMH BiITiKaMU
BCTaBJIAIOTBCS  JIOJIATKOBI, pPO3paxOBaHi HUIAXOM IHTEPHOJISIIII.
[Hmuit cnocid oTpuMaHHS 3HA4YE€Hb MPOMDKHUX BiJUTIKIB IMOJIATAE Y
BCTaBIli HYJIB, MICIS YOTO BCS MOCHIOBHICTD MiIA€ThC HUDPOBIi
¢itpTpartii. v ALII BUKOPHUCTOBYETHCS aHaJIOroBa
nepenuckpermn3anis, B LIAII - nudpona.

[lepenuckpernsanis BUKOPUCTOBYETHCS ISl CIIPOIICHHS
koHcTpykiid AL i IATL. 3a ymoB 3amaui Ha Bxomi ALIIT i Buxomi
LIAIT moBuHeH OyTH BCTaHOBIIEHWH aHanmoroBuil ¢inbtp 3 AUX,
TiHIAHOT B po060YOMY Jiana3zoHi i KpyTO CIajardoi 3a HOro MeXaMHu.
Peanizarisi Takoro aHajgoroBoro (uIbTPY BEIbMH CKJIa/IHA; B TOW K€
Jac TMpU TWABUINEHHI YacTOTH JAMCKPETH3allii BiII3epKaJcHHS
CTIEKTPY, HIO BHOCSTHCS HEI, MPONOPIIHHO BiJICOBYIOTHCS Bif
OCHOBHOTO CHTHAJy, 1 aHAJIOTOBUU (ITbTp MOXKE MaTu Habararto
MEHINTy KPYTU3HY 3pi3y.

Inma mnepeBara mnepeaucKpeTH3allii MOJsIrae y TOMy, IO
MOMUJIKM  aMIUTITYIHOTO  KBaHTyBaHHA  (IIyM  JpOOJICHHS),
pO3MOALICHI TO BCHOMY CIEKTPY KBAaHTOBAaHOTO CHUTHANY, NpHU
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MiABUIICHH] YaCTOTH JTUCKPETH3aIlil PO3MOAUISIETHCS IO IIUPIITIiA
CMy31 YacTOT, TaKk IO Ha YaCTKy OCHOBHOTO 3BYKOBOTO CHTHAITY
JOBOJUTHCS MEHIIAa KUTbKICTh ImyMy. KoXXHE TMOABOEHHS YacTOTH
3HWXKYE pIiBEHb WIYMYy KBaHTYyBaHHA Ha 3 1b; OCKUIBKM OJMH
IBIMKOBHIA pO3psi eKBiBaJIeHTHUH 6 nb 1rymy, Ko)KHE 30UThIICHHS
4acTOTH B YOTHPU pa3d JO3BOJIAE 3MEHIIMTH PO3PSAIHICTH
NepeTBOPIOBaYa Ha OAMHUIIIO.

[lepemuckpern3aiiiss pa3oM 13 30UTBIICHHSM PO3PSTHOCTI
BIJUTIKY, IHTEpPIOJIALIEI0 BiMTIKIB 3 TMIABUIIEHOI TOYHICTIO 1
BUCHOBKOM ix Ha [IAIl HanexHiil po3psSAHOCTI JO3BOJISIE MOMIMIIATH
AKICTh BIJHOBJICHHS 3BYKOBOTO CHTHAITy. 3 Ili€l MPUYMHU HABITH B
16-po3psaaHUX cUCTeMaX HEPiKo 3acTOCOBYIOThCS 18- 1 20-po3psiaHi
ITAIT 3 mepemucKpeTH3aIli€ro.

AIIIT 1 TAIT 3 mepearcKpeTU3aiiclo 3a paxyHOK 3HAYHOTO
3MEHIICHHsI 4Yacy MEepeTBOPEHHS MOXYTh OOXOAMTHCS 0€3 cXeMu
BUOIpKU-30epiranus.

1.3. IlepeBaru Ta Hexioku HUGPOBOro 3BYKY.

[MudpoBe mpepcraBneHHS 3BYKY IIiHHE Tepml 3a BCE
MOKJTUBICTIO HECKIHYCHHOTO 30epiraHHs i TUpaXyBaHHs 0€3 BTpaTH
SIKOCTI, TIPOTE TIEPETBOPEHHS 3 aHAJIOTOBOi (hopMu B U(PPOBY 1 HA3a]
BCE K TAakM HEMHMHY4Y€ NPUBOAMTH JO YACTKOBOI HOro BTpaTH.
HaitmenpueMHimi Ha CIyX CHOTBOPEHHS, IO BHOCATHCS Ha eTarli
OouM(pPOBKH - TpaHYISIPHUHM IIyM, IO BUHUKA€E TPU KBAHTYBaHHI
CHTHAJIy TIO PIBHIO Yepe3 OKPYTJIICHHS aMIUTITYAH 0 HAHOIMKYI0ro
JTUCKPETHOTO 3HAYCHHS. Ha BIIMIHY BT MPOCTOTO
IIMPOKOCMYTOBOTO IIyMY, IO BHOCHUTHCS MOMHIIKAMHU KBAaHTYBaHHS,
TPaHYJISIPHUA TIYM € TapMOHIMHMMH CIOTBOPEHHSIMH CHTHAIY,
HANMOMITHIIIMMHU Yy BEPXHIi YaCTHUHI CIIEKTPY.

[ToTyXHICTb TpPaHYISIPHOTO HIYMYy OOEpHEHO MpOMOpLiiiHa
KUTBKOCTI CTYINEHIB KBAHTYBAaHHS, MPOTE depe3 JOorapupmidyHy
XapaKTepUCTUKY CIIyXy MpH JIiHIHHOMY KBaHTyBaHHiI (TOCTiifHa
BEJIMYMHA CTYIEHS) HAa TUX1 3BYKH JIOBOJUTHCS MEHIIE CTYIEHIB
KBaHTYBaHHS, HDK Ha Ty4dHi, 1 B pe3yJbTaTi OCHOBHA TyCTHHA
HENHITHUX CIIOTBOPEHb JOBOJUTHCS HAa OOJIACTh THXHMX 3BYKIB. Lle
MPUBOJIUTH 10 OOMEXKCHHS TUHAMIUYHOTO Jiana3oHy, sKHi B imeaii
(OGe3 ypaxyBaHHA TapMOHIHHUX CHOTBOpEeHb) OyB OHM piBHUI
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CITIBBIIHOIIEHHIO CUTHAJI/IITYM, IPOTE HEOOXITHICTH OOMEXKEHHS [IUX
CIOTBOPEHb 3HIKYE IUHAMIYHHMHA Jiana3oH mist  16-po3psgHoro
KosyBaHH# 110 50-60 nb.

[TonosxeHHst MOTIIO O BpSAITYBaTH Jorapu(pMivHe KBaHTyBaHHS,
MpoTe HOTO pearizalis y peaTlbHOMY 4Yaci BeJIbMH CKJIaHa 1 Jopora.

CrnoTBOpeHHS, 10 BHOCSTHCS TPAHYJISPHUM IIYMOM, MOKHA
3MEHIINTH IIJISIXOM JIOJIaBaHHS JI0 CHTHAITy 3BUYHOTO OLIOTO HIyMYy
(BumagkoBoro abo TICEBAOBUIAJKOBOTO CUTHAY), aMIUTITY0I0 B
MOJIOBUHY MOJIOJIIOTO  3HAUYMIOTO  PO3psiy; Taka OIeparis
HaszuBaeTbess 3rnamkyBaHHsM  (dithering). ILle mnpuBomuTh 10
HE3HAYHOro 3OUTBIIEHHS PIBHS IIyMY, 3aT€ OCIA0JIss€ KOPEISIIIIo
MOMUJIOK KBaHTYBaHHS 3 BHCOKOYACTOTHUMHU KOMIIOHEHTaMHU
CUTHANYy 1 TMOKpallye CyO'€KTUBHE CHPHUHSATTA. 3TJIa/DKyBaHHS
3aCTOCOBYETHCS TAKOXK IEpe]l OKPYTICHHSM BiJUTIKIB TIPU 3MEHIICHHI
ix pospsmHocti. [lo cyri, dithering i noise shaping € oxpemumu
BHITAJIKAMU OJIHIET TEXHOJIOTII - 3 TI€I0 PI3HHIICIO, IO B TEPIIOMY
BUIIA/IKy BUKOPUCTOBYETHCS OUTHIA IIIyM 3 PIBHOMIPDHUM CIIEKTPOM, a
B JIPYTOMY - IIIYM i3 creriaibHo "(popMOBaHUM" CIIEKTPOM.

[Tpu BimHOBIIEHHI 3BYKY 3 HH(POBOi (GOPMH B aHAJIOTOBY
BUHUKaE MpolieMa 3rIapKyBaHHS CTYMIHYAcTOI (OPMH CHUTHAIY i
NPUIYIICHHS TapMOHIK, 110 BHOCATHCS YaCTOTOI IMCKPETH3allii.
Yepes wneigeanpHicth AUX (inbTpiB MOXe BimOyBaTHcs abo
HEJO0CTaTHE MPUIYIICHHS IIUX TMEePENIKoJI, a00 HaIMIpHE OcabIeHHS
KOPUCHUX BHCOKOYACTOTHUX CKJanoBuX. llorano mpurHiueHi
TapMOHIKM  YacTOTH  JWUCKPETH3alii  CIOTBOPIOIOTH  (hopmy
aHAJIOTOBOTO CHUTHAIY (0COOMMBO y 00JacTi BUCOKUX HYaCTOT), IO
CTBOPIOE Bpak€HH4 "1opcTKoro", "opyaHoro" 3ByKy.

1.4. Texnousorii Ta MmeToan 00po0kH HUGPOBOro 3BYKY.

[udpoBwuii 3Byk 00pOOIISIETHCS 32 JOTIOMOTO0 MAaTEeMaTHYHUX
oreparliii, BXHBaHUX JI0 OKPEMHUX BIUTIKIB CHUTHady, ab0 1O Tpym
BI/UTIKIB Pi3HOI JOBXMHHM. BHUKOHYBaHI MaTreMaTH4Hi omeparii
MOXyTh a00 iMiTyBaTu poOOTY TpaaWIIfHUX aHAIOTOBUX 3acO0iB
00poOKH (MIKIITyBaHHS IIBOX CHUTHAJIIB - CKJIaJIaHHs,
MOCUJICHHS/OCTTA0ICHHs CHUTHAJly - MHOXEHHS Ha KOHCTaHTY,
MOJIYJISIISE - MHOYKEHHSI Ha (DYHKITIO 1 T.1.), 200 BUKOPUCTOBYBATH
aJIbTEPHATHBHI METOIH - HAIPUKJIA]l, pPO3KJIalaHHS CUTHATY B CIIEKTP
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(psn Dypbe), KOpEKIisl OKPEeMHX YACTOTHHX CKIQJ0BUX, MOTIM
3BOpOTHA "30ipKa" CHUTHAIY i3 CIIEKTpY.

O0po0Oka 1U(pPOBUX CUTHATIB MIAPO3IUIIETHCS HA NiHIWHY (Y
peampHOMYy daci, Hajx '>KMBUM" CHUTHAJOM) 1 HENIHIHHY - Haj
3a3nanerine 3amucaHuM curHaioMm. JliHiliHa o00poOka BHMarae
JOCTAaTHROT MIBUJAKOJIi OOYMCITIOBAIBHOI CHCTEMHU (MPOIEcopa); y
psAl BUIAIKIB HEMOXKIIMBE TOEIHAHHS HEOOXIMHOT MIBUIKOMIT 1
SKOCTI, 1 TOJIi BUKOPUCTOBYETHCS CIpOIIeHa 00poOKa i3 3HIKEHOIO
axicto. Heminilina 006poOka HisSK He oOMekeHa B 4yaci, ToMy Juis Hei
MOXYTh OyTH BUKOPHUCTaHI OOYHCIIOBAIbHI 3ac00M OY/Ib-SKOT
MOTY)KHOCTI, @ 4ac 0OpOOKH, OCOOIMBO 3 BHUCOKOIO SKICTIO, MOXeE
JIOCATATH IEKUIBKOX XBWIMH 1 HABITH T'OQUH.

Jlyiss 0OpOOKHU 3aCTOCOBYIOTBHCSI SIK YHIBEpCAIbHI MPOIECOPU
3aranpHOTO TIpu3HaveHHs - Intel 8035, 8051, 80x86, Motorola 68xxXx,
SPARC - Tak i cremiarizoBani 1IU(POBI CUTHAIBHI IMPOIECOPH
(Digital Signal Processor, DSP) Texas Instruments TMS xxx,
Motorola 56xxx, Analog Devices ADSP-xxxx i iH.

PizHnng mix yHiBepcanbHUM mporecopoM i DSP momsirae y
TOMY, IO TEpIIMKA OpPIEHTOBAaHWM Ha IIUPOKUH Kiac 3axad -
HAayKOBUX, CKOHOMIYHHUX, JOTIYHUX, I'POBUX 1 T.M., 1 MICTHTH
BeNMKHIA Hal0ip KOMAaHJ 3araJlbHOTO MPHU3HAYCHHS, B SKOMY
MepeBaKalOTh 3BUYHI MATEMATHYHI 1 JIOT1YHI oreparii.

DSP crerianbHO opieHTOBaHI Ha 0OPOOKY CUTHAIIB 1 MICTSTh
HaOopu crermudIuHUX omepariii - CKIaJaHHS 3 OOMEKEHHsM,
MEPEMHOKYBAaHHS BEKTOPIB, 0OYMCICHHS MaTEMaTUYHOTO PsIy 1 T.1II.
Peanizaniss HaBiTh HECKJIaJHOT 0OpOOKH 3BYKY Ha YHIBEpCAIbHOMY
MpOIIecOpi BHMAara€ 3HAYHOI WIBUAKOJII 1 J[Jaleko He 3aBkKIH
MOJIMBA Yy pEaJbHOMY 4Yaci, TOJi sSK HaBiTh mpocti DSP Hepinko
CTIPABJISIIOTHCS Yy PealbHOMY 4aci 3 BIIHOCHO CKJIaTHOI0 00pOOKoT0, a
noTykHi DSP 37aTHI BUKOHYBaTH SIKICHY CIIEKTpaibHy OOpOOKYy
BiJIpa3y JEKiITHKOX CUTHAIIIB.

UYepes croro cremianizamito DSP  pigko 3acTOCOBYIOTHCS
CaMOCTIHHO - HaWYacTile MpPUCTpiii 0OpoOKM Mae yHiBepcalbHUI
MPOIIECOP CEePEeNHBOI MOTYKHOCTI JJIsi YIPABIIHHS BCIM HPUCTPOEM,
npuiiomy/mepenadi ingopmartii, B3aeMoii 3 KOpPUCTyBa4yeM, i OJHMH
abo neximbka DSP - BrmacHe myiss 0OpOOKHM 3BYKOBOTO CHTHAIY.
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Hanpuxman, qis pearizanii HaaiiiHOT 1 IBUKOT 0OpOOKH CUTHATIB B
KOMI'IOTEPHUX CHCTEMaxX 3acCTOCOBYIOTh CIIELiali30BaHi IJIaTh 3
DSP, dyepe3 ski mpomyckaeTbess 0OpOOIIOBaHUN CHTHAN, TOJI SIK
[EHTPATHFHOMY MPOIIECOPi KOMITIOTEpa 3TUINAIOTHCS JIHIE (YHKITIT
YIIpaBIIiHHS 1 Iepeaayi.
PosrnsiHeMo 0cHOBHI MeTOAM 0OPOOKH U(POBOTO 3BYKY.
1. Montax. Ilonsrae y Bupi3yBaHHI i3 3amuCy OJHUX
JUISHOK, BCTaBIll 1HIIMX, 1X 3aMiHi, PO3MHOXEHHI 1
T.n. HasuBaetbest Takoxk penaryBanHsM. Bcei cydacHi
3BYKO- 1 Bi/I€03aIMCH B Til YU IHIIIA Mipi MiIIAI0THCS
MOHTaXY.
2. AMmiTyAHI  TIepeTBOpPEeHHsA.  BHKOHyIOTBCS — 3a
JOTIOMOTOI0 PI3HMX /il HaJ aMILTITY/I0I0 CUTHAIY, SIKi
KiHeI[b KIHIIEM 3BOJSTBCS JIO MHOXEHHS 3HAa4eHb
CEMILTIB Ha [MOCTIHHUN Koe(irieHT
(mocuneHHst/ocnadneHHs) abo QYHKIIIO-MOIYIATOD,
IO 3MIHIOETbCA B Yaci (aMIUTITyZHAa MOIYMSILS).
OxkpeMuM BHUMAQJKOM aMIUNTYIHOT MOJYJSAIIi €
dbopMyBaHHS OTHHAIOYOT JUTSI IOJAHHS CTAI[IOHAPHOMY
3BY4aHHIO  PO3BUTKY B  4Yaci.  AMIUTTYIHI
MEPETBOPEHHS] BUKOHYIOTHCS TTOCITIIOBHO 3 OKPEMHUMH
CeMIJIaMH, TOMY BOHH IpPOCTI B peaii3amii i He
BHMAararoTh BEJTUKOTO 00'eMy OOUYHUCIICHb.
3. YacroTHi (crieKTpalbHi) epeTBOpeHHs. BUKOHyIOThCS
HaJl YAaCTOTHUMHU  CKJIAQJIOBUMHU  3BYKYy.  SIKmio
BUKOPHUCTOBYBATH CIEKTPaIbHE PO3KIAJaHHA - (hopmy
NpEJCTaBICHHS 3BYKY, B SKil 10 TOpPHU30HTAII
BIUTIYYIOTBCS ~ 4acTOTH, a IO  BepTUKaIl -
IHTEHCUBHOCTI I[UX 4YacTOT, TO 0araTo 4YaCTOTHUX
MEePEeTBOPEHh CTAIOTh CXOKMMH Ha  aMIDIITYIHI
MEPeTBOPEHHsIM  HajJ  crnekTpoM.  Hampukian,
butbTpariss - MOCWUICHHS abo ocialbJeHHS TEBHUX
CMYT 4acTOT - 3BOJUTHCS 1O HAKIJIAJCHHS HAa CHEKTP
BIIMOBIIHOT ~ aMIUIITYTHOT ~ OTHHAKOYOL. [IpoTe
YaCTOTHY MOJIYJISIII0 TAaKAM YUHOM IIPEICTAaBUTH HE
MOJKHA - BOHA BUTJIAJAE, K 3CYB BCHOTO CIIEKTPY abo
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5.

HOro OKpeMHX IUISHOK B 4aci MO TICBHOMY 3aKOHY.
Jlnst peanizaniii 4aCTOTHUX TIEPETBOPEHb 3BUYAWHO
3aCTOCOBYETHCS CIEKTPAIbHE PO3KIATAHHS IO METOTY
®dypbe, sike BUMarae 3Ha4HHX pecypciB. [Ipore €
anropuT™M MmBHUIAKOTO mnepeTBopeHHs Dypbe (BIID,
FFT), sikuii poOUTHCS B LUTOYHMCENbHINA apupmeTHi i
JI03BOJISIE BXKE€ HAa MOJIOJIIUX MOJENSAX MPOIECcOpiB
po3BepTaTH y peaTbHOMY 4Yaci CHEKTp CHTHAILY
CepeHbOT IKOCTI.

®a3oBi mepeTBOpeHHS. 3BOAATHCS B OCHOBHOMY JIO
MOCTIHHOTO 3pyIIeHHs (a3 curHairy abo il MOTyIIsIil
nesikoro (QyHKIiE0 abo IHITUM CHTHAJIOM. 3aBISKH
TOMY, IO CIYXOBUH amapaT JIOJAWHU BHUKOPUCTOBYE
a3y mis BU3HAYCHHS HANpsiMy Ha JDKEPENOo 3BYKY,
¢$a3oBi TEPEeTBOpPEHHSI CTEPEO3BYKY  JIO3BOJIAIOTH
oziep)aTh e(eKT 3BYKY, 10 00epTaEThCS, XOpY 1 HoMy
MoAi0H1.

Yacosi meperBopeHHs. [lomsiratoTe B JI0JIaBaHHI [0
OCHOBHOTO CHUTHAJy HOTO KO, 3CYHYTHX B 4Yaci Ha
pi3Hi BenuuuHHU. [IpM  HEBENMKHUX  3PYIICHHSX
(mopsinky menmie 20 mMc) e ga€ epexkT po3MHOKEHHS
JpKepena 3BYKy (eeKT Xopy), MpU BEIUKUX - CPEKT
JTyHHU.

@®opmaHTHI TepeTBOpeHHs. € OKpPEeMHUM BHUIAJIKOM
YacTOTHUX 1  OmepywoTs 3  (opMaHTamMu -
XapaKTepHUMH CMYT'aMU YacTOT, L0 3yCTPIYarOThCs B
3ByKax, BHMOBHHUX JIOAWHOIO. KOXHOMY 3BYyKY
BIJINIOBIIa€ CBOE CIIBBIMHONMICHHS aMIUTITY/ 1 9acTOT
JNeKUTbKOX  (opMaHT, sKe BHU3HA4Yae TeMOp 1
po30IpiMBICTE  TOJIOCY.  3MIHIOIOYM  [apameTpu
(dbopMaHT, MOKHA TIIKPECTIOBATH a00 3aTyIIOBYBATH
OKpeMi 3BYKH, MIHATH OJHY TOJIOCHY Ha IiHIIY,
3COBYBATH PETiCTpP rOJOCY 1 T.I.

Posrnsinemo OCHOBHI edexTH, AK1 MOXYTh
BUKOPHUCTOBYBATUCH TIPU POOOTI 13 IUPPOBUM 3BYKOM.
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BiOparo - aMInIiTyqHa a00 YacTOTHA MOJYJSIlis
CUTHaJly 3 HeBenukoro yacrtotoro (mo 10 I'm).
AwmmutityHe BIOpaTo TakoX HOCHTH Ha3By TPEMOJIO;
Ha CIyX BOHO CIPHUIMA€ETBCS, SK 3aBMUpPAHHS abo
TPEMTIHHS 3BYKY, a YacTOTHE - 5K "3aBHBaHHA" a0o
"rutaBanHs" 3BYKY (THIIOBA HECIPABHICTH MEXaHi3My
Mar”irooHa).

nuHamivHa QinpTpamis (wah-wah - "Bay-Bay") -
peani3yeTbCsi 3MIHOIO 4YacToTH 3pidy abo cmyru
MpONyCKaHHs (QiIbTPY 3 HEBENMKOI dYacToToro. Ha
CIIyX CHpUKMAaEThCH, AK  o0epraHHs abo
3aTYJSTHHS/BIIKPUTTS JUKepesa 3BYKY - 30UTbIICHHS
BHCOKOYACTOTHHUX  CKJIQJIOBHX  ACOLIIOEThCA 3
IpKepesioM, 0OEpHYTHM Ha ciyxada, a iX 3MEeHIIeHHS -
3 BIIXHJICHHSIM BiJ] IIbOTO HATIPSIMY.

dnemxkep (flange - oOnsmiBka, rpebinb). Hasma
MOXOJIUTh B crmocoly pearizamii 1poro edexry B
aHAJIOTOBHUX MPHUCTPOSX - 32 JOMOMOTOI0 TaK 3BaHUX
rpebinyactux ¢unbTpiB. Ilonmsrae B monmaBaHHI 10
MMOYAaTKOBOTO CUTHATY HOTO KOTiid, 3CYHYTHUX B Yaci Ha
HeBeNWKI BenumuuHU (10 20 MC) 3 MOXKIHBOIO
YaCTOTHOK MOMYJIAIIE0 KOmMid abo BeJIWYWH IX
TUMYAaCOBHX 3pYIIEHb 1 3BOPOTHMM  3B'I3KOM
(cymapHMii CHTHaJ 3HOBY KOTIIOETBHCS, 3COBYETHCS 1
T.1.). Ha cmyx me BimayBaerbcst sk "nmpoOneHHs",
"po3mazanHs" 3BYKY, BAHUKHEHHS OUTTS - PI3HUIIEBUX
94acTOT, XapaKTepHUX JJIsl TPU B YHICOH ab0 XOPOBOTO
cmiBy, ToMy (UIeH)Xepd 3 TIeBHHUMHU IapaMeTpaMu
3aCTOCOBYIOTBCSI [UII OTPUMAHHS XOPOBOTO €(eKTy
(chorus). Minsiroun mapameTpu QieHxepa, MOKHA B
3HAYHIN Mipi 3MIHIOBaTH MIEPBUHHUIN TEMOp 3BYKY.
peBepOeparris (reverberation - MMOBTOPEHHS,
BiJUI3epKaJIeHHs). BUXOAUTh NUIAXOM J10/aBaHHS 0
MOYAaTKOBOTO CHUTHANy 3aryxardoi cepii Horo
3CYHYTHX B 4aci komiil. Lle imiTye 3aracaHHs 3ByKy B
NPUMIIIEHHI, KOJHM 3a paxyHOK OaraTokpaTHUX
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Bi/UI3epKAJICHb BiJ CTiH, CTETi 1 IHIIMX TOBEPXOHH
3BYK OTPHUMYEE TIOBHOTY 1 TYIKICTh, a TIiCIs
MPUITMHEHHS 3BYYaHHS JDKEepelia 3aTyXae He Bijpasy, a
noctynoBo. Ilpu 1poMy dYac MDK TOCIIOBHHUMH
BigroMoHamu (mpuOin3HO 10 50 MC) acoUifoeThCs 3
BEJIMYMHOIO NMPHUMIIICHHS, a iX IHTEHCUBHICTD - 3 HOTO
rynkictio. ITo cyri, peBepOeparop € OKpeMHM
BHITAJIKOM (pIICHXKepa 13 30UTBIIICHOI0 3aTPUMKOI0 MK
BI/UTYHHSIMH OCHOBHOTO CHUTHAJy, IPOTE OCOOIMBOCTI
CIIyXOBOTO CHPHHUHATTS SIKICHO PO3PI3HSAIOTH IIi JIBa
BHUIU 0OPOOKH.

nyHa (echo). PeBepOepartist 3 me OUTbIT 30UTBIICHAM
gacoMm 3atpumku - Bumi 50 mc. Ilpu mpomy ciyx
nepecTae Cy0'eKTUBHO CIIPHIMATH BiIA3epKalICHHS, 5K
MPU3BYKH OCHOBHOTO CHTHAITY, 1 OYMHAE CIIPUAMATH
ix sk moBTOpeHHs. JlyHa 3BHUYAifHO peaizyeThcsl Tak
caMmo, SK 1 TMPUPOAHE - 13 3aracaHHSAM KOIIii, II0
MTOBTOPIOIOTHCHS.

nicromH (distortion - CIOTBOPEHHS) - HaBMFECHE
CTIIOTBOPEHHS ()OPMH 3BYKY, IO JOJA€ WOMY PI3KHIA,
CKperouyunii BiATiHOK. Hawmbonbliee 3acTOCyBaHHS
ollepaB SIK ritapHuidl edekT (K1acuyHa rirapa heavy
metal). BuxomuTs mnepemiacHIeHHSIM I10YaTKOBOTO
CUTHATy JI0 TIOSIBU OOMEXEHb B MIJCHIIIOBadl (3pi3y
BEPXIBOK IMIYNIbCIB) 1 HABITh HOTO Camo30yKEHHS.
3aBIsSKH I[bOMY MOYATKOBUM CHUTHAJI CTa€ CXOXKUU HA
NPSIMOKYTHUH, YOMY B HBOMY 3'SBIISIETHCS BEIIMKA
KUTbKICTh HOBHX YaCTOTHUX CKJIAJIOBUX, IO PIi3KO
po3mmproroTh crekTp. Llel edekT 3acTocoByeThes B
pi3HuX Bapiamisx (fuzz, overdrive 1 T.m.), MmO
PO3PBHAIOTECS  CHOCOOOM  OOMEXEHHS  CHTHATY
(3BuuHe abo0 3IJIaJKeHe, BeCch CHEeKTp abo cmyra
94acTOT, BECh AaMIUNTYIHHH jaiama3oH abo ioro
YacTUHA 1 T.M.), CHIBBIAHOIICHHSM ITOYaTKOBOTO 1
CIIOTBOPEHOTO CHUTHATIB y BHXIJIHOMY, YaCTOTHUMH
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XapaKTEepPUCTUKAMU MiCHITIOBAYiB
(HasIBHICTB/BIICYTHICTH (ITBTPIB HA BUXOII).
KOMIpECist - CTHCHEHHS IUHAMIYHOTO Jiana3oHy
CHTHAITy, KOJIA CJIa0Ki 3BYKH ITOCHIIIOIOTHCS CHIIBHIIIE,
a cwipHI - crnaOkimi. Ha cmyx crnpuiiMaeTses sk
3MEHIICHHS PI3HUII MDK TUXUM 1 TYYHHM 3BYYaHHSM
MOYAaTKOBOTO  CHTHaNy. BuKopucTOBYyeThCS — UIst
MOJIANBII0T 0OpOOKH METO/aMH, UyTIMBUMH JI0 3MIHU
aMILTITy T CUTHAITYy. Y 3BYKO3aIucCi
BUKOPUCTOBYETHCS ISl 3HWKEHHS BiTHOCHOTO PIBHS
IIyMy 1 3amo0iraHHs NepeBaHTaXeHHsAM. Sk rirapHa
MPUCTaBKa JO3BOJIAE 3HAYHO (HA JECATKH CEKYHJ)
NPOJOBXKHUTHA 3BY4YaHHS CTpyHH 0Oe3 3aracaHHs
T'YYHOCTI.

¢eiizep (phase - ¢asza) - 3MilIyBaHHS MMOYATKOBOTO
CUTHAITy 3 HOTO KOMisiMH, 3cyHyTHMH 110 asi. [To cyTi
CTpaBH, II€ OKPEeMHH BHIAJOK (QIeHxepa, aie 3
Habararo TPOCTIIO AaHAJOTOBOIO  peaNlizalliero
(mudpoBa peamizamist oaHakoBa). 3MiHa (Pa3oBUX
3pYIIEHb pPE3yIbTYIOUWX CHTHAIIB MPHUBOJUTH 0
NPUIYIICHHS OKPEMHX TapMOHIK a00 YacTOTHUX
oOmacreif, sik B 6araTocMyroBomy (ibTpi.

BOKojIep (voice coder - KOyBaTbHUK TOJIOCY) - CHHTE3
MOBM Ha OCHOBI JIOBUIBHOTO BXIJIHOTO CHTHAIY 3
OaraTuM crieKTpoM. MOBHHI CHHTE3 Pealli3yeThCs 3a
JOTIOMOTO10 (POPMAHTHUX NEPETBOPEHb: BUAUICHHS 3
CUTHAy 3 JIOCTAaTHIM CIIEKTPOM TOTPIOHOTO HAOOpY
(dbopMaHT 3 TOTPIOHWMH CIHIBBIJHOIIEHHSIMHU JOJIA€
CUTHAJTy BJIACTUBOCTI Bi/IMIOBITHOTO TOJIOCHOTO 3BYKY.
CrouaTKy  BOKOJEpHM  BHUKOPUCTOBYBAIMCSA IS
nepenavyl  KOJOBAHOI  MOBHU: I[UISXOM  aHATI3Y
MOYATKOBOTO MOBHOTO CHUTHATy 3 HBOTO BHIUISIIACS
iH(OpMaris Mpo 3MiHy NOJOKEHb (HopMaHT (mepexis
BiJl 3BYKY /IO 3BYKY), fIKa KOJyBayacs 1 mepenaBaiacs
mo JiHii 3B'I3Ky, a Ha NpPUHAMaTbHOMY KiHII OJIOK
KEepOBaHUX (UIBTPIB 1 MiJCUITIOBAYIB CHHTE3yBaB MOBY
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HaHOBO. [lomatoum Ha OJOK MOBHOTO CHHTE3Y
3BYYaHHS, HAPUKJIJ, €NEKTPOTITapH 1 BUMOBIISIOUN
cioBa B MIKpo(OoH OJIOKY aHaTi3y, MOXKHA OJIEpKaTH
edexT "po3MOBIIIOYO] ritapu'; MpHU MOIa4i 3BYJYaHHS
3 CHHTE3aTopa BUXOJUTH BioMuil "rojoc pobora", a
1oJia4ya CUTHaITy, OJIN3BKOTO 10 CIEKTPY A0 KOJHMBAaHb
rOJIOCOBHUX 3B'I30K, aji€ BIIMIHHOI'O 110 YaCTOTI, MIHsIE
perictp TOJOCYy - YOJNOBIUMA Ha IKiHOYMH abo
JUTSYNM, 1 HABITAKH.

[Ile oxHi€Er0 OCOONUBICTIO, SIKY CIIIJl BpaXOBYBAaTH MPHU POOOTI
13 mupoBUM 3BYKOM € jitter - TpeMTiHHA (IIBUIKI KOJIMBaHHA) (a3u
CHHXPOCHTHAJIIB B IU(PPOBUX CHCTEMAx, IO MPU3BOIUTH O
HEPIBHOMIPHOCTI B 4Yaci MOMEHTIB CIIpallbOBYBaHHS TaKTOBAaHUX
[IUMH CUTHAJIAMU IIUPPOBHUX MPUCTPOIB.

Cami mo coOi nu¢poBi NPUCTPOi HEUYTIMBI A0 TaKUX
KOJINBaHb, TOKH BOHU HE JOCATAIOTh 3HAYHOI BEJIMYUHH B
MOPIBHSAHHI 13 3araJibHOI0 TPUBATICTIO IMITYJBCIB, TPOTE B
"IPUKOPIOHHUX" MPHUCTPOSX, IO 3HAXOIATHCS HA CTUKY IHU(POBOI 1
anayioroBoi yactu cxemu - AIIIT i ITAIT - mxirTep npu3BOIUTH 10
HEPIBHOMIPHOCTI MOMEHTIB CHpaiboByBaHHs KommapaTtopis ALl
abo wmouis LAII, mo B cBOIO uepry MmpHU3BOIUTH 10 TOPYILIECHHS
MPaBUIBHOCTI (HOPMHU aHAJIOTOBOTO CHT'HAITY.

JInsi BUCOKOYACTOTHUX KOMITOHEHT CHTHAly TPEMTIHHS (a3u
MPU3BOAUTH JI0 "pO3MMBaHHS" 3BYKY - MOPYLUIEHHIO CYO'€KTUBHOT
MPOCTOPOBOI JIOKANI3aIlii JDKEPeN, OCKUIBKH CIyXOBE CIPHAHSITTS
nokamizamii Ga3yeTbCsi B OCHOBHOMY Ha (a3oBux, a He Ha
aMILTITYTHUX CITIBBITHONIIEHHSIX CTEPEOKAHATIB.

JUKITTEp MOXE€ BHHUKATH d4epe3 Oynb-sSKy HeCTaOUIbHICTh
Hanpyr i crtpymiB y o6macti LIAIT/ALIl. Hampuknan, KomuBaHHS
KHUBJITYMX HANPYT 3MIHIOIOTH YacTOTy OIOPHOTO TeHEepaTopa,
€JIEKTPOMATHITHI HAaBEACHHS CIOTBOPIOIOTH (GopMy HH(PPOBHUX
curHamiB. HaBiTh AKmO 11i CIIOTBOPEHHS HE  3MIHIOIOThH
iHpOpMaLIfHOTO BMICTY CHTHAIY - YKJIaJIeHOi B HbOMY OiTOBOi
MOCIITIOBHOCTI, BOHM MOXYThb MOPYIIMTH PIBHOMIPHICTh BXiJHOTO
3BykoBoro curaaiy B ALl abo Bumgauy BuxigHoro curnary 3 LIAII i
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MPUBECTH JI0 CIOTBOPEHb (OPMH, OCOOIHMBO TIOMITHOIO Yy O0JIacTi
BHCOKHX YacTOT.

Bennumna JpKiTTepa TMO3HAYa€ MakCHMajbHE aOCONIOTHE
BIZIXMJIGHHS MOMEHTY MEPEX0/y TAKTOBOTO CUTHAIY 3 OJHOTO CTaHY
B IHIIWMI BiJl pO3paxXyHKOBOTO 3HAYEHHS, 1 BUMIPIOETHCS B CEKYHIaX.
JInst cucTeM CepeAHboi SKOCTI JONMycTUMa BEIMYMHA JDKITTEpa
ckinanae mopsinka 100 mikocekynm, st cuctem kimacy Hi-Fi 1i
MparHyTh TPAHUYHO MIHIMI3yBaTH.

Jnst GOpoTbOM 3 JDKITTEPOM BUKOPUCTOBYETHCS TaKTyHOUe
ALIT i HAIT BucokocTaOUIBHUMU T€HEPATOPaMH, a JUIsl IPUYIICHHS
HEpIBHOMIPHOCTI MH(PPOBOTO MOTOKY, mo mocrynae Ha [IAIl -
npoMmikHUME Oydepamu THma FIFO (uepra). [yis 3MeHmeHHS
BIUIMBY TEPEIIKO] 3aCTOCOBYIOTHCSI 3BHUHI METOJH - €KPaHYBaHHS,
PO3B'SI3KM, BUKIIOUEHHS "3eMJISTHHX TeTeNnb", pO3IUIbHI JpKepena
KUBJICHHS, XUBJICHHS KPUTHYHUX CXEM BiJ aKyMmyssTopa i T.IIL
HoOpi pe3ynpTaTe  naroTh 30BHIIHI Moxymi I[[AIl, B skux
pearizoBaHi onHcaHi MeToH, - Hanpukiaa, Audio Alchemy DAC-in-
the-Box 1 iHmIi.

HeoOxigHO po3pi3HATH "TIPUKOPAOHHUHN" KITTED, JiF0Unii Ha
Me)Kax aHajoroBoi i HUQpoBoi yacTuHU cxemu - y obmacti ALIIT ab6o
IIAII, 1 "BHyTpimHIA", M0 BUHUKAE B OYyAb-SIKUX IHIIUX JUISTHKAX
YUCTO UPPOBOT CXEMHU.

BrmB Ha 3BYKOBHH CUTHAJI Mae€ TUTbKM "TIPUKOPAOHHHHA"
JDKITTEp, 00 TUTBKH BiH Oe3MOCepeHbO MOB'I3aHUHN 3 IEPETBOPEHHIM
aHaJIOTOBOTO 3BYKOBOTO cWrHaimy. Bech "BHyTpimHIN" uKiTTEp TpU
IpaMOTHIM MOOY/IOBI CXeMH MOBHHEH MOBHICTIO MPHUTHIYYBATUCS B
iHTepelWCHUX JIaHIIoraxX, IMPOTEe HEKOPEKTHA peaizailis MOKe
IpomycKaTH Horo i 6e3nocepeanbo Ha LIATI/ALIII.

Bunukatounii B naHiiorax ¢GopmyBaHHs, 00poOKH, mepeadi,
3aMuCy 1 4YWTaHHS UUQPPOBUX CHUTHANIB "BHYTPIIHIA" KIiTTEp
IIUTKOM MO>K€ PO3TIOBCIOJKYBATUCS 110 CUCTEMI, BUXOUTH 3a il MexKi
1 TEepeHOCHUTHCS MDK CUcCTeMamH dYepe3 IudpoBi iHTepdeiicu
nepenadi abo uu¢posi x Hocii iHGopmanii. [Ipu mpomy BenmnynHa
JDKITTEpa MOXKE SK OclabnsaThcs, Tak 1 mnocwioBarucsa. [lpu
BUKOpUCTaHHI iHTep(deliciB mepenaui 3 "BOymoBanum" (embedded)
CHHXPOCHTHAJIOM, a TaKO0X NpU YUTaHHI 3 OyIb-SKOTO HOCIs,
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npuiiManbHa CTOPOHA BUMYIIIEHA CHHXPOHI3YyBAaTUCS 3 MepeaaBadeM
[IJITXOM BUKOPUCTaHHS CHCTeM (ha30BOTO  aBTOIIJICTPOIOBAHHS
gactotn (DAITY, Phase Locked Loop - PLL), sixa BHOCHUTH
JOJaTKOBI TPEMTiHHS, OyAy4d HE B 3MO31 MUTTEBO BIICTEXKYBAaTH
3MiHU (Da3u 1 9aCTOTH CUTHANY, IO MPUHMAETHCS.

OmuH 3 MOXJIMBHX CHOCOOIB OCTa0JIeHHS JDKITTEpa IpH
nepefayi - BUKOPUCTAHHS CHHXPOHHHUX IHTep(deHciB 3 OKpeMHM
taktoBUM curHaioM (Word Clock), a me kpamie - acCHHXpOHHHX
JIBOHAIPABIICHUX 3 MOXJIMBICTIO Y3TOJ/DKEHHS TEMITy Mepeiadi, Ha
3pazok RS-232. B npomy BuUNAAKy CTOPOHM MOXYTh HE OOSTUCH
MOXXJIMBOTO  OMYCTiHHS a00 mepenoBHIOBaHHsS Oydepa Ha
npUiMaNbHOMY KiHI[I, TIepeada MOXKE BUKOHYBATHCS OJIOKaMH 3
BHIIOI0 MIBUKICTIO, YAM #JIe MOTIK 3BYKYy, a MpUMaJibHa CTOPOHA
MOX€ BHUKOPHUCTOBYBATH IIOBHICTIO HE3aJICXKHUH  CTaOUTHHHMIA
TeHepaTop I BUTSTaHHS BilikiB 3 Oydepa. [Ipore Bce e mae ceHe
TUIBKH Y TOMY BHIIQJIKy, KOJIM TpUiiMad mpaiioe Oe3rnocepeHpo Ha
LIAIT - mpu 3ammci Ha HOCIH HEpPIBHOMIPHOCTI TakOi BETUYWHU
BIUIMBY Ha SIKICTh 3BYKY HE JalOTh.

TakuM 9MHOM, B KOPEKTHO peani3oBaHIi CHCTeMi BCi BUAM
JDKITTEpa, 110 BUHUKAIOTh B YHCTO HU(PPOBUX OJOKaX i MK HUMH, €
"BHYTpiIHIMH" 1 TOBHHHI OyTH NMPHUTHIYEHI 10 mepeaadi nuppoBoro
curHany Ha LIAIl nns xpaitoBoro meperBopenHs. Lle moxe Oytu
3po0iIeHO 3a J0MOMOror mpomikHOTO Oydepa, cxemu DAY 3
TUTABHOKO 3MIHOIO YaCTOTH TeHeparopa (MOBUIbHA 3MiHA B HEBEITUKUX
Me)Xax, Ha BIIMIHY BiJ] TPEMTIHHS, MPAKTHYHO HE BiAYyBA€THCS Ha
ClIyX), 00 STKUM-HEOY/Ib HIITUM METOJIOM.

JlJiss CIIyXOBOi OIIHKM 3BYKOBOTO CHTHAIIy HOTO HEOOXITHO
BiATBOpUTH ab0 OJHOYACHO Ha JBOX pI3HUX cHUCTeMax, abo
MIOCIIITIOBHO - HA OJTHIN.

HaBith skmio B 000X BHITagKax caM IUQPPOBHIA cUTHAT Oyjie
OJTHAKOBMM, Ha0Iip CyYNyTHIX YMOB - amapar, HOCIi, ¥#oro
MIKPOCTPYKTYpa, MEPBHHHI CHTHAIM TpPH 34YUTYBaHHI iH(opmailii,
0coOMMBOCTI pOOOTH JAEKOJIEPIB, CIEKTP AaHAIOTOBUX IIYMIB 1
MEPEIIKOJ - Maibke 3aBkau Oyae pisHmid. Bcei mi moGiuni mponecu
MOXYTh CTBOPIOBaTH TMAapa3WTHI HaBEACHHS, IO CHOTBOPIOIOTH
¢bopmy udpoBOTO CUTHATY, TOPOHKYIOTH JUKITTEp, 1 BIUIMBAIOTH HA
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JIQHIIOTY JKUBJICHHS Ta IHIII AHAJIOrOBI KOMIIOHEHTH CHUCTEMH. Y
MPABWIBHO CKOHCTPYHOBAHUX 1 peTEIhHO BUKOHAHUX araparax BCi 11l
BIUIMBH TIOBUHHI OyTH TpPUTHIYEHI O piBHSA, HEAOCTYITHOTO
CIPUHHATTIO, TpOTe JUIs OUIBIIOCTI MOOYTOBHX 1 0COOIHMBO
O0/DKETHUX araparis 1e He Tak.

MoxyTs OyTH 1 mpo3aluHilli TPUYMHU JUIS BUHUKHEHHS
pi3HUI - Taki, K HECTilike 3YUTyBaHHS LU(GPOBOTO HOCISA, TPHU
SKOMY JICKOJIEp HE B 3MO31 OJIHO3HAYHO BiTHOBUTH 3aKOJIOBaHUU
3BYKOBUH CHTHaJl i BUMYIICHHWH BIaBaTHUCS JO WOTO IHTEPIIOJIALI,
SIKa MOTIPIIYE SIKICTh 3BYYaHHSI.

Taka >k iHTepmoismis abo raciHHsA BimOyBaeThcs y pasi
MOMUJIKOBOTO  iX mpuiloMy 1o UU(PPOBUX  MDKCHCTEMHHX
iHTEepdeiicax, mo Moxe OyTH BUKIMKaHE IOTaHOI0 SKICTIO abo
HA/IMIPHOIO TOBJKHWHOIO KaOelro, /Ii€l0 Ha HhOTO CHIIBHUX TEPENIKOI,
HECTIPABHICTIO MpHiiMaya abo mepeaaBada, MOraHok X CYMICHICTIO 1
Tn. ToMy mHMTaHHA TPO TIOPIBHAHHSA 3BYy4YaHHS IIOBHUHHE
pO3rIsSIaTHCS TUIBKH ICIAS TOTO, SK JIOBEJACHA I1JICHTUYHICTH
M (pPOBHUX MOTOKIB, M0 MOCTynatTh Ha kpaiioBuit LIATL ITix T1AIT
TYT TOBHHEH pO3YMITHCS caMe HEeNOJUThbHHH, "camuii ocTaHHIN"
MEPETBOPIOBAY, a HE IOBUTBHUN CKIIQIHHUHA MPUCTPIid, IO OJEPKYe Ha
BXO/J1i TU(POBHIA CUTHAI 1 BU/Ia€ HA BUXO1 aHAJIOTOBHIA.

1.5. Ocob61uBocCTi 30epiraHHs IKOCTi 3BYKY NpPH
npoBeJeHHi HMPPOBUX NepPeTBOPEHb.

Ockinbkn Oynp-sSKuil TU(GPOBUN CUTHAT TPEACTABISAETHCS
peaTbHOI0 eIEKTPUYHOI0 KPUBOIO HAIIPYTH abo cTpymy - Horo ¢opma
TaK YK IHAKIIe CIOTBOPIOEThCS TIpH OyAb-AKid mepemadi, a
"3amMoporkeHui" s 30epiraHHs CUrHaN (CUTHAIOTpaMMa) CXUITbHUN
70 Aerpazgauii yepes3 3BU4HI (iznyHi npuunHU. Bei i aii Ha Gopmy
HECYYOTO CHTHAIIy € TEPeIIKOJaMH, SIKi 10 TEBHOI BEJIMYMHHU HE
3MIHIOIOTh  IH(GOpPMAIIHHOTO  3MICTy  CHUTHally, SK  OKpeMi
CTIIOTBOPEHHS 1 BUNIaJlaHHS OYKB B CIIOBaxX 3BHYAHO HE 3aBaXKAIOTh
MPaBWIBHOMY PO3YMIHHIO IIUX CIiB, MPUIOMY HAJIMIPHICTH
iHpopMaIlii, K 1 30UTBIIEHHS JOBXWHHY CJIIB, ITiIBUIIYE BIPOTITHICTH
VCITIIITHOTO PO3Ii3HABAHHSI.

[Hmmmu cioBamMu,  caM  HECYy4yMH  CUTHAI — MOXKE
CIIOTBOPIOBATHUCS, NpPOTE IHPOpMAIlis, IO HUM MEPEHOCUTHCS -
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3aK0JIOBAaHUH 3BYKOBHI CUTHAJ - B aOCOJIFOTHIN OLTBIIOCTI BHUITA IKIB
3aJIMIIAETHCS HE3MIHHOTO.

Jist Toro, MO0 SKICTh HECYYOTO CUTHAITYy HE IMOTipIryBajacs,
Oyzp-sika Tmepefada KOPHUCHOI 3BYKOBOI iH(popMaIlii - KOTIIOBaHHS,
3aIuC Ha HOCIH YUTaHHS 3 HHOTO - OOOB'I3KOBO TOBHHHA BKITIOUATH
oTIepaIlifo BIJIHOBIICHHS (JOPMU HECY4OTO CHTHAIY, a B igeami - i
MEPBUHHOTO IM(POBOTO BUAY CHTHANY iH(GOPMALIAHOTO, 1 JIHIIE
MICNI IbOTO HAHOBO C(OPMOBAHUI HECYYMil CHTHAI MOXe OyTh
nepeaHnii HaCTYIHOMY CIIOXKHBady. Y pasi HMpSMOTO KOIIFOBaHHS
0e3 BIAHOBJIECHHS SKICTh IH(POBOTO CHUTHATY MOTIPIIYETHCSA, XOUa
BiH SIK 1 paHille MOBHICTIO MICTUTH BClo iH(popmariro. [IpoTe micms
0araToKpaTHOTO  TOCTIIOBHOTO  KOMilOBaHHS a00  TpUBAJIOro
30epiraHHsl SKICTh TOTIPIIYETHCS HACTUTBKM, IO TOYHWHAIOTH
BUHHUKATH HEMOMPABHI IMOMUIKH, M0 HEOOOPOTHO CIIOTBOPIOIOTH
iHpopmanito. Tomy KomiroBaHHA 1 mepenady IU(PPOBUX CUTHAITIB
HEOOXIJJTHO BECTH TUIBKH B IU(PPOBUX MPUCTPOSX, a MPH 30epiranui
Ha HOCIIX - CBO€YacHO "OCBDKaTH'" HE YEKarouu HeoOOpOTHOI
nerpanaitii. [IpaBwibHO TiepemaHa abo OHOBIeHa mHQpoBa
CHTHAJIOTpaMMa SIKOCTiI HE BTpadae i MOXKE KOTIIOBATUCS 1 ICHYBaTH
BIYHO B a0COJIFOTHO HE3MIHHOMY BUTJISIII.

[Ipote, He cmig 3a0yBaTH, MO0 KOPEKTyIHOUa 3MATHICTH OY/Ib-
SKOTO KOy KiHIIEBa, a peajbHi HOCIl Jajieki BiA iIeaqbHUX, TOMY
BUHUKHEHHSI HETONpPaBHUX MOMHIIOK - Ha Taka BXKE€ pilIKicHa pid,
0COOJIMBO TPU HEAKypaTHOMY MOBOKEHHI 3 HocieM. [lpu unranHi 3
HOBUX 1 TPAaBWIBHO 30€pEKEHUX HOCIIB B SKICHHX 1 HamiHHUX
armapatrax TaKdX IOMIJIOK TPAaKTHYHO HE BHUHUKAE, IMPOTE TIPHU
CTapiHHi, 3a0pyIHEHH] 1 TOIIKO/DKEHHI HOCIIB 1 3YMTYIOUUX CHUCTEM
ix crae Oumpe. OMMHOYHA HEBUNIPABIICHA TIOMIJIKA MaiKe 3aBKIU
HETIOMITHA Ha CIIyX 3aBJSKH IHTEPHOJIAIi], IPOTEe BOHA MPUBOJHUTD JI0
CIOTBOpPEHHS  (OPMH  IOYATKOBOTO  3BYKOBOTO  CHTHAIy, a
HAKOTIMYEHHS TAaKUX MOMMJIOK 3 YacOM IOYMHAE BiT4yBaTHCA 1 Ha
ciyx. Oxkpemy mpobiemMy CKIAJae  CKIATHICTh — peecTpartii
HEBUNPABJICHUX MOMMJIOK, a TaKOX IEePEeBIPKA IIEHTHYHOCTI
opuriHaia i Korii.

Ilepm 3a Bce, HEOOXiTHO pO3pi3HATH '"croTBOprorodi” i
"HecrioTBOprotowi"  Buau  0OpoOku. Jlo mepmmx  BiTHOCATHCS
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orepatiii, 10 3MIHIOIOTh POPMY i CTPYKTYpY CUTHAIY - 3MIIlIyBaHHS,
MOCHUJICHHS, (UTbTpaIlisi, MOAYIALISA 1 T.M., IO APYTUX - OMepartii
MOHTaXy (BHpi3Ka, BKJIEWKa, HaKJIaJEHHs) 1 TIEpEeHECEHHS
(KoTifOBaHHS).

SIKicTb ~ cUTHaJly ~ MOXe  CTpaXJaTh  TUIBKH — TIpH
"croTBOprOOYiit" 00po0Il, nMpuuoMy OyAb-SKHW - 1 aHAJIOTOBUH, 1
mupoBuil. Y mepuioMy BHIAAKy I BiOyBaeTbcs B pe3yibTarTi
BHECEHHS IIyMiB, TapMOHIHHUX, IHTEPMOAYISALIAHUX 1 IHIIMX
CTIIOTBOPEHb y BY3JaX aHAJIOTOBOTO TPAKTy, B APYrOMY - 3aBISKH
KIHIIEBIf TOYHOCTI KBaHTYBaHHS CHTHAJIY 1 MaTeMaTHYHUX
obOumciienb. Bci mudpoBi 0OYKCIEHHS BUKOHYIOTHCS B JESKId
po3psiHil citii ikcoBaHOT MOBXUHM - 16, 20, 24, 32, 64, 80 1 OLbmI
OuTuii; 30UIBIIEHHS PO3PSIHOCTI CITKM TIABHILYE TOYHICTH
00YHCIICHDb 1 3MEHIIY€e MOMWIKH OKpPYIJIEHHS, MPOTE B 3araiLHOMY
BHUITAJIKy HE MOXE BUKIIOYUTH I1X MOBHICTIO. KiHIIEBa TOYHICTH
KBAaHTYBAaHHS TEPBUHHOTO AaHAJOTOBOTO CUTHATY MPHU3BOAUTH O
TOTO, IO HaBiTh TpU aOCONIOTHO TOYHIA OOpOOI OJep:KaHOTO
M(POBOT0 CHTHATY KBAaHTOBAHE 3HAYEHHS KOXKHOTO BIUTIKY BCE
OJIHO BIJIPI3HSETHCS BiJl CBOTO i1eaTbHOTO 3HA4YCeHHS. [ MiHiIMi3aril
CIIOTBOPEHB MPH 00POOIIi B CTYIISIX BBAXKAIOTH 32 Kpare 00poOIsITH i
30epiraTd CHTHaJOrpaMMH Ha MAaKHCTEep-HOCIAX 3 IiIBHIIECHUM
no3sosiom (20, 24 abGo 32 po3psiau), HaBITh SKIIO PE3yJabTaT
TUPAXYBATUMETHCS Ha HOCIi 3 MEHIIIUM JI03BOJIOM.

OxpiM BIacCHE TOMMUJIOK OOYHCICHb 1 OKpYIJICHHS, Ha
TOYHICTh CHJIBHO BIUIMBA€ BUOIp MPEACTABICHHS YHCIOBUX BiIUTIKIB
CUTHAITy TIpH 00poOIIi.

Tpamuuiiine yssrnenass PCM 3 Tak 3BaHOI0 (PIKCOBAaHOIO
kpankoto (fixed point), KOMW BiUTIKU TPEICTABISIOTHCS IUTHMH
qyHucIaMM, HaWOUTbII 3pydHe 1 3a0e3medye MIiHIMYM HaKIaTHHX
BUTPAT, NpPOTE TOYHICTH OOYHMCICHb 3aJIeXKHUTh B MacmTady
orepaiii - HanpuKJaa, P MHOKEHHI yTBOPIOIOTHCS YUCINA YIBidi
OLTBIIOT PO3PSATHOCTI, SKi MOTIM JOBOJWTHCS MPHBOJIUTH Ha3ajd 0
PO3PSTHOCTI TOYATKOBUX BIUTIKIB, a 1€ MOXE TMPUBECTH [0
MIEPENOBHIOBAHHS PO3PSIIHOT CITKH.

KomnpoMicHUM BapiaHTOM CIIY)KUTh MPOMDKHE 30UTbIICHHS
PO3PSTHOCTI BUITIKIB (Hanpukiam, 16->32), mo 3HIKYE BIpOTiIHICT
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MEPETIOBHIOBAHHS, TMPOTE BUMAarae OUIBIIOI  OOYHCIIOBAILHOT
MOTY)KHOCTI, 00'eMy Mam'sITi 1 BHOCUTb JIOAATKOBI CIIOTBOPEHHSI MPH
3BOPOTHOMY TIOHWKEHHI po3psinHOCTi. KpiM TOro, 3HMKEHHIO
NOTPITHOCTI ~ CHpHs€  TPaBUIbHUA  BHOIp  IMOCHIZOBHOCTI
KOMYTaTUBHUX OTepalliid, rpynyBaHHS TUCTPHOYTHBHHX OTEparliy,
00K 0coOnMBOCTEH poOOTH KOHKPETHOTO TpoIiecopa i T.IL.

[HmuM cnoco6oM 30UTBIIEHHS TOYHOCTI € TEepPETBOPEHHS
BiUTIKiB y ¢opMy 3 miaBarouoto kpankoro (floating point) 3
PO3UIEHHSM Ha 3HAYyIly YAaCTHHY - MAHTHUCY 1 MOKa3HUK BEITHYMHH
- mopsnok. Y miii ¢opmi Bci omepanii 30epiraroTb po3pSAHICTD
3HAYYIIO1 YaCTUHH, 1 MHOXXEHHS HE TIPUBOJUTH JI0 NIEPENOBHIOBAHHS
po3psanHoi citku. IIpoTe, sik came mepeTBOopeHHs MiX (opmamu 3
(iKCOBaHOIO 1 MIABAIOYOI0 KPANKOIO, TaK 1 0OUMCIIEHHS B IiK Gopmi
BUMAraroTh Ha MOPSIKH OUTBIIOT IIBUIKOMAII MPOIIecopa, IO CHIILHO
YTIpYyIHsI€ iX BUKOPHCTOBYBAHHS Y pealbHOMY Yaci.

He nuBnsumch Ha Te, IO SKICTh CUTHANy HEMHUHY4Ya, Xoua i
HE3HAYHO, TMOTIPIIYEThCS PU Oy/b-sKii "croTBoproroyii" nnuposiit
00poO0I1i, eski omepallii 3a MeBHUX YMOB € TMOBHICTIO 1 OJHO3HAYHO
00OpOTHUMH.

Hanpukian, mocuieHHs CHUTHAIY MO aMIUTITYAl B TPH pasu
MOJISTAE B MHOKEHHI KOKHOTO BIIUTIKY HAa TPH; SKIO ISl OTepaIis
BUKOHYBasIacsi 3 (PIKCOBAaHOIO KpAamkow i MpH IIbOMY HE BHUHHUKIO
MEPENOBHIOBAHHS, 32 JIOTIOMOTOI0 PO3IMOJUTY Ha TPU TOTIM MOXHA
Oyle TOBEpPHYTH BCi BUUTIKM B IOYATKOBHHM CTaH, TUM CaMHM
MOBHICTIO BiJHOBMBIIM NEPBHUHHUIN CTaH cUrHaimy. I B TO# ke 9ac
IICII MHOXKEHHS KOXXEH BIUTIK BUSBUTHCS 30UTHIIEHUM TOYHO B TPHU
pasu, TOMY IMOMMWJIKAa MIOJO0 TOYAaTKOBOTO AaHAJOTOBOTO CHUTHAIY,
BHECEHA TPU KBAaHTYBaHHI, TAaKOX 30UIBIINUTECS B CEPETHBOMY B TPH
pas3u, THM CaMUM TOTIPIINBIIN 3arajbHy SIKICTh CUTHAIY.

CkazaHe BHIIE JEMOHCTPYE, IO TMOTIPIICHHS SKOCTI IpH
"coTBOprotouiit" mudpoBili 00poOIli 30BCiM HE 00OOB'I3KOBO
HAKOTIMYYETHCS 3 YacOM, X04Ya B OUTBIIOCTI peaJbHUX 3aCTOCYBaHb
BiOyBaeThcsl caMe Tak. KpiM Toro, me He o3Hadae, Mo Oyab-sKa
omepariii 1HU(PPOBOTO TMOCWICHHS 3aBXKIU OyJae OJHO3HAYHO
00OpOTHOIO - 1I¢ 3aJIeXUTh B 0ararboX 0COOIHMBOCTEH
3actocyBaHHs ormepamii. [Ipore, rpamMoTHO 1 SIKICHO peani3oBaHa
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muppoBa o00poOKa MOKe JaBaTH ICTOTHO MEHIIUN PIBCHb
CIOTBOpPEHb, HDK Taka K aHajorora, xiba mo wue OyayTh
CTIOTBOPEHHSI Pi3HUX BUIIB.

Tinpku y TOMYy BHIIAQAKY, KOJH B TPOLECi MEPETBOPEHHS
3aCTOCOBYIOTBCSL '"CHOTBOpIOrOUI" omeparlii - 3MiHa pPO3PSAHOCTI
BIJUTIKY, YacTOTH JAWCKpeTH3alii, (iIbTpyBaHHS, CTUCHEHHS 3
BTpaTamu 1 T.i. lIpocTe 30UTBIICHHS PO3PSIHOCTI BULIIKY 13
30epeKEeHHSIM YacTOTH JUCKpeTH3alii OyAe HEeCIOTBOPIOIOYNM,
MPOTE TaKe * 30UTbLICHHS, 3B'13aHE 13 3aCTOCYBAHHSM 3TJIa/UKYI0YO]
¢byHKIi - BxKe HeMae. 3MEHIICHHS PO3PSAHOCTI BIIUTIKY 3aBXKAU €
CIIOTBOPIOIOYOIO OTIepaIli€lo, KpiM BHITAJKy, KOJM MEPETBOPIOBAHI
BIUTIKM Oymud OJep)KaHI TaKUM Ke TMPOCTUM 30UIBIICHHSIM
PO3PSTHOCTI - PIBHOT 200 MEHIIIO].

barato ¢opmaTiB BiIpi3HSAIOTECS OIUH Bif OJHOTO TUIBKH
nopsAKOM OITiB B CJIOBi, BiUTIKIB JIIBOTO 1 MpaBOTO KaHAJIB B MOTOIII
1 cTy)00BOI0 1HPOPMAITIEIO - 3ar0JIOBKAMU, KOHTPOJIBHUMHU CYMaMH,
3aBaJ03aXMCHUMHUI Kojmamu 1 T.m. TouyHWH cmocid mnepeBipku
HECTIOTBOPIOBAHOCTI CHTHAIIy TIOJSITa€ B TEPETBOPEHHI JEKUIBKOX
pi3HUX MoTOKIB (aiiniB) popmary F1 y popmar F2, a moTim Hazan B
Fl. Sxmo iHpopmamiiiHa yacTHHA KOXXHOTO TOTOKY (¢aitny) mpu
poMy OyJie iIGHTHYHA TOYaTKOBOIO - JIAHWH BHJl NEPETBOPEHHS
MO’KHA BBa)KAaTH HECIIOTBOPIOIOYHM.

[Tix iHbOpMAaIIHHOIO YACTHHOIO MOTOKY ((haiiry) po3yMieThes
BJIacHe Halip [aHWX, [I0 ONKCYIOTh 3BYKOBHUH CHTHAN; peIITa
YaCTUHH BBAXKAETHCS CIY>KOOBOIO 1 HAa (YOPMY CUTHAITY B 3aralbHOMY
BUITAJIKy HE BIUTMBae. Hampukiaa, sKIo B CIIy»KO0BIii yacTuH1 (aiimy
a00 MOTOKY mependayeHe moJie AJsl yacy Horo cTBOpeHHs (mepeaadi),
TO HaBITh Yy pa3i MOBHOTO 30iry iH(pOpMaIiiHUX YACTHH JIBOX PI3HUX
¢aiiniB ab0 MOTOKIB iX CIy)O0BI YaCTUHU BUSBISATHCS PI3HUMH, 1 1€
Oytu 3adikcOBaHO JIOTIYHMM aHATI3aTOPOM Yy pa3i MOTOKY abo
pOTrpamMoro NOOANTHOTO MOPIBHIHHSA - Y pasi ¢ailry.

OxpiM IIOTO, YacOBE 3pYIIEHHS OIHOTO CHUTHATY II0JI0
HIIOTO, 110 BUHHUKAE TNPHU BUPIBHIOBaHHI HU(PPOBOTO MOTOKY IO
MeXax ciIiB abo OJIOKIB 1 MoJiATae B /I0/1aBaHHI HYJBOBHUX BIUTIKIB B
nmoyaTok 1/abo B KiHeup (aitiry abo MOTOKY, TAKOXK MPUBOIUTH J0 X
YSIBHOTO ITU(POBOTO HECHIBMNAAaHHA. Y TaKUX CHUTyaIlisX Uis
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MEPeBIpKM  iIEHTHYHOCTI  IHU(POBUX  CHTHAIIB  HEOOXITHO
KOPHUCTYBATHCS CIEIIaIbHOIO anapaTypoio abo mporpamoro.

Jnst "meperoHKH" 3BYKYy MDK CIeEIialli3oBaHUMH CHCTEMaMH,
0 MarTh CyMicHI nudpoBi iHTepdelicH, TOCTaTHRO 3'€HATH IX
uppoBUM KabeneM 1 epenucaT 3BYyK 3 OJIHIET CHCTEMH Ha IHIY; Yy
psl MOETHAHD MIPUCTPOIB MPU I[OMY MOXKIIMBE TOTIPIIEHHS SIKOCTI
CHTHAITy Yepe3 3MEHIICHHS PO3PSIIHOCTI BILTIKY, MepeicbKpeTi3arui
a0o cTuUCHEeHHs 3BYKYy. Hampukiaa, mpu KOMIIOBaHHI 3BYKY MiK
OJTHAKOBMMHU cuctemMamu uepe3 iHTepdeiic S/PDIF  crucnuit
3BYKOBHH TOTIK Ha TepeIatodiil CTOPOHI MiIJa€ThCs BITHOBICHHIO, a
HAa  TpuUiMaTbHI -  MOBTOPHOMY  CTHUCHEHHIO.  YHACIiIOK
HecuMmeTpuyHocTi anroputMmy ATRAC B 3ByK MHpH MOBTOPHOMY
CTHCHEHHI OyAyTh BHECEHI 10JIATKOBI CIIOTBOPEHHSI.

Jlnst iepeTBOPEHHsI KOMIT'IOTEpHOTO (aiiiny B iHIIHHA Gopmar
BUKOPHUCTOBYIOTHCS IpOTrpaMHU-KOHBEPTOPH:
WAV2AIFF/AIFF2WAV, Convert, AWave 1 inmi - na IBM PC,
SoundExtractor, SampleEditor, BST - na Apple Mac.

OOMiH 3BYKOBOIO iH(oOpMaIi€l0 MDK KOMI'FOTEPHOK i
CTELIANI30BaHOI0  CHCTEMOIO HEPIIKO MOXIHMBHUH  JIEKUIbKOMa
ciocobamu: [Ipsime nepeHecenHs nmo nudpoBomy iHTepdeiicy, Ko
y 000x cucrteM € cymicHI 1udposi iHTepdeiicu. IIpum mpomy Ha
KOMIT'FOTEPHI cUCTeMi BUKOPHUCTOBYETHCSA nporpama
3aMmuCcy/BiATBOpeHHs, Mo (Gopmye abo BIITBOPIOIOYA CTaHIAPTHUHN
IUTSL TaHOT CUCTEMU 3BYKOBHIA (haiii.
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Po3zaia I1. Po3po6ka nporpamMuoro 3a6e3nevyeHHs st 00poOku
u(ppPoBOro 3ByKY

2.1. AHaJni3 Ta nocTaHoOBKa 3aa4i.

[TpoBeneMo aHami3 MpeAMETHOIramy3i Ta MOCTAHOBKY 3a1adi
0 PO3pOOIIi MPOrPaMHOTO PillIeHHs sl 00pOoOKH UPPOBOTO 3BYKY.

Ilepmr 3a Bce Ha eTami 3araJlbHOCHCTEMHOTO IMPOEKTYBAHHS
HEOOXIJJTHO BH3HAYUTH KOHLEMII0 MaiOyTHROT CHCTEMH, sKa
BU3HAYaTUME  TOJANbHUA  Xi  TMPOEKTYBaHHS  BHMOT IO
(YHKIIOHATTBHUX XapaKTEPUCTHK.

[IpoekTyBaHHS PO3MOYMHAETHCS 3 BH3HAYCHHS I[UTHOBOT
ayauTopii, Ha AKy Mae OyTH pO3paxoBaHUM MpPOTpaMHUU 3acid, 110
po3poliisieThesi. BpaxoByrounm HasBHI TEXHIYHI MOXIMBOCTI, Ta
TeHaAeHIiT po3BUTKY | T-KOMBIOHITI, CITiZi 3BE€PHYTH yBary Ha IIbOBY
ayIUTOpIf0  migkacTtepiB  (aBTOpiB  aymioONoriB) a TakoX Ha
ayJIHUTOPI0 0ci0, IO MOYNHAIOTH 3aliMaTHCh 0OPOOKOIO 1 CTBOPEHHSIM
€JIEKTPOHHOI MY3UKH, aJie HE MAlOTh JIOCBITy Ta HEOOXIHUX 3HAHb
JUIsS. BUKOPCTaHHs MPO(deciifHOTo MporpaMHOro 3a0e3neueHHs], sKe €
JIOCUTH CKJIaJHUM 1 BUMAarae CreriajbHuX MpodecifHuX 3HaHb Ta
YMiHb.

Buxozsiuu i3 n1aHoi minkoBOi ayauTOpii MOYKHA BUAUTUTH DS
puC, IKUM Ma€ BIAMOBigaTH po3pobiroBaHa mporpama. Hacammepen
mporpaMa  TOBHHHA  3a0e3MeduyBaTH  MOJKJIMBICTD  IIBHUAKOTO
penaryBaHHs ITU(POBOTO 3BYKY, Ta OOpOOKYy HOTO 3a JIOTIOMOTOIO
neBHOro Habopy edekriB. Pazom 3 muM mporpama mae OyTH JTOCHTH
MPOCTOI0 y BUKOPHCTaHHI i TOTO, MO0 i (QyHKIIOHAIOM MOra
KOPHUCTYBATHCh JIFOJIHA, KA HE BOJIOJIIE CIICIiaTbHUMHU 3HAHHSIMU B
cdepi 00poOKH 3BYKY.

OTxe, BUAUTMMO OKpeMi 3a/1a4i, SIKi HeOOX1IHO peaizyBaTH B
poIIeci po3poOKH:

1. Tlporpama moBHHHA 3a0e3MeuyBaTH MOXKIUBICTh
00poOKH SK ICHYFOUOTO 3BYKOBOTO TIOTOKY, TaK i
MOTOKOBOTO CHTHAITY 13 IH(POBOTO UM aHAIOTOBOTO
HOCISI, @ TAKOXK MOXJIMBICTh KOMOIHYBAaTH IIi JpKepena
3ByKy. Ciriji 3a0€3MeUnTH MOKJIMBICTh KOJYBaHHS Ta
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JNCKOHYBAaHHS Yy  HaWOUIBII  IIHUPOKO  BXKHBaHI
CTaHJApPTH CTUCHEHHS ay/liodaHuX.

2. HeoOximHo  Hamatu  (yHKIIOHAN  KepyBaHHS
YaCTOTHUMH XapaKTEPUCTUKaMU 3BYKOBOTO TOTOKY
(IMpuHA MOJIOCH, KUTBKICTh KaHAIIIB, OITPEHT, TOIIO).

3. Cmig 3a0e3meyuTH MOXJIMBICTH JIsI  POOOTH 3
OKpeMUMH (parMeHTaMu 3BYKOBOTO psiay, TOOTO
CTBOPUTH (PYHKIIIOHAT [Tt pOOOTH 13 CeMILTIaMH.

4. TloTpiOHO HAJATH KOPUCTYBAUy MOXIIUBICTH JI0JIaBATH
710 3BYKOBOTO PSATY TIEBHI €PEKTH.

[Tporpama MoBMHHA MaTH 3pyYHHUI Ta IHTYITUBHO 3pO3YyMIIHIA
KOpHCTYBaIbKuil iHTEepdetic. Bei enemMenTH kepyBaHHS OBUHHI OyTH
CTaH/IaPTU30BaHI Ta 3rPYNOBaHI BIIMOBIAHO JIO MPABUII €PrOHOMIKH.

[IporpamMa mMOBHHHA BiNIOBIATH CYY4acHUM BHMOTaM IO
MPOTPaMHOTO 3a0E3MEeUeHHs, Ta NpAIOBaTH y BCIX CyYacHHX
orepauiifHux cucremax cimeiicta Microsoft Windows.

2.2. AHaJi3 pUHKY IPOrpamMHoro 3ade3ne4eHHs 1Jsi
00po0ku undPpoBoro 3ByKy.

Ha punky mporpamuoro 3abe3nedyeHHsl iCHY€ JOCHTh BelUKa
KUIBKICTh PI3HUX TMPOTpaMHUX 3aco0iB ais poOoTH i3 nudpoBumM
3ByKOM. PosrissHeMo HailOumbml BioMi 3 Mporpam IbOTO THITY, Ta
BHU3HAYHMMO IX IepeBaru Ta HeI0JIIKH.

[lepmoro mporpamoro, Ky ciig posrisHytd € Adobe
Audition (puc. 2.1.)

Adobe Audition (Cool Edit Pro) - mpodeciiinuii iHCTpyMEHT
it poOoTH 3 aymio-daiinamu, mpu3HadeHu Il GaxiBIiB y o6macTi
0o0poOku aymio 1 Bimeompoxnykmii. Adobe Audition mpormnonye
HEOOMEKEHI MOXKIIMBOCTI MIKITYBaHHS, pelaryBaHHsS, CTBOPEHHS
Maiictep-komiii 1 00poOku 3BykoBuX crierieekriB. [TpoaykT cymimae
THYYKICTh TEXHOJIOTIYHOTO TMpoIecy 3 TPAHUYHOIO TPOCTOTOIO |y
BUKOPDUCTaHHI 1 JIO3BOJIIE CTBOPIOBATH PI3HOMAHITHY ayJio-
MIPOIYKITHIO BUCOKOT sikocTi. Adobe Audition - 11e TOBHOIIHHA CTY/Iis
3BYKO3aIINCy, OCHAIEHa THYYKUMH 1 IPOCTHUMH Y BUKOPHUCTOBYBaHHI
IHCTpyMEHTaMHU.
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& Sans titre* - Adobe Audition

Fichier  Edtion Affichage Effets Générer Analyser Favoris Options Fendlre Aide

rrEE BEEEE PRREENE

Ervegister 1] [IdE 153651 441|][|'15h|ls'5le'rn ZWEEMD
T demarer | A abtwakaiot. |3 1 R @l‘aw
Puc. 2. 1 IHTep(’peHc poTpamMu Adobe Audition.
OCHOBHOIO TIEPEBarol0 JaHOTO MPOTPaMHOTO 3acoly € Horo
Ha/3BUYAifHO BHCcoKa (yHKIioHANBHICTE. OCHOBHUHM HENONIK —
KOPUCTYBa4 TMMOBHHEH MAaTH 3HAHHS 13 MPUHIOUIB OYyIOBH 1
nporecinry mudpoBoro 3ByKy. TakuM YHHOM BXIAHHHA TOpIT
BUKOPUCTaHHS 0OMEXKYETHCS piBHEM MPOQECiiiHIX 3HAHb.
HacrymHoio mporpaMoro, SIKy MU pO3TJISTHEMO, € 3BYKOBHM
penaktop Audicity. /lanmii mporpaMHUil MPOAYKT MOIIUPIOETHCS 32
JIIEH3II€0 open-source, TOOTO Ha BiIMIHY BiJl CBOTO MOTEPEIHUKA €
0€3KOIITOBHUM.
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[Iporpama Mmae 1OCHTH MMIHUPOKHH (YyHKIIOHAN, MO € i

OCHOBHOIO MEPCBATrol0.
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Puc. 2.2. Aynio-penakrop Audicity.

OCHOBHUM HENOJIIKOM JaHOTO MPOTPAMHOTO TPOIYKTY € Te,
0 BiH Ma€ HE APYXKHIA 0 KOpHCTyBada iHTepdeiic, depe3 Mo
KOPHUCTYBAaTHCh JaHOIO TPOTPaMOI0 [Uisi HOBOTO KOPHCTyBada €
JTOCUTH CKIIQJIHO.

HacrynHoto mporpamoto, siky Mu po3risinemo, € Audio Editor
Pro. Jlanuii ayniopeqakTop J03BOJISE 3aMMMCYBATH 1 pearyBatu mp3,
wma, wav Qaiau 13 3aCTOCYBaHHSM PI3HOMAHITHUX IHPPOBUX
cneuedextiB i pinpTpiB (20 aynmioedexriB i 6 QimbTpiB), a TaKOXK
KOHBEpTYBaTH (aiiiu 3 ogHOro ¢opmary B iHIIIN 1 mepenucyBaTH
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CD na xopcrkuit auck. [ligrpumytorscst mp3 VBR konek, Windows
Media 9, ID3-15rH1, a Takox 3aBaHTaxkeHHs ganux 3 CDDB.
& 2.mp3 - Audio Editor Pro g[@gj
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Puc. 2.3. Intepodeiic Audio Editor Pro.

Jlana mporpama € BIJHOCHO MpPOCTOI0 y BUKOPHUCTaHHI, i
pasoM 3 THM JIPY)KHBOIO JI0 KOPUCTYyBada, OJJHAK Ma€ CYTTEBHUU
HEJIONIK — JUIsi BUKOPUCTAHHS HEOOXIHO MpUIOATH JIIEH3II0, 10
poOuTh NaHy mporpamMy HE 30BCIM JIOCTYIHOIO IS IMEpPEeciuHOTO
KOPHCTyBaya.

[Tpu po3po0bIIi mporpamMu HEOOXITHO CKOPHCTATUCH JTOCBIIOM
PO3TIITHYTUX BUIIE MPOTPAMHUX 3acOo0iB, 1 pO3poOHTH 3 OJNHIET
CTOPOHH MAaKCHMAaJbHO CHpPOINEHUH 1 3pO3yMUIMH Ui KOXHOTO
KOPHCTyBaya MPOTPaMHUI MPOAYKT. 3 iHIIOT CTOPOHH, HE 3BaXKAIOUU
Ha TMPOCTOTY HEOOXiMHO 3a0e3MeYnTH  BUKOHAHHS  BCHOTO
HEoOXiHOTO (DYHKIIOHATY MpH poOOTI i3 UPPOBUM 3ByKOM. Tomy
CITiI OTHOYACHO BPaxoByBaTH 0OWBA 11i HATIPSIMKH PO3POOKH.
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2.3. O0rpyHTyBaHHs 3ac00iB peaJi3zaiii.

B skocti 3aco0y peamizaiii o0epeMo CHCTeMy iHTETPOBAaHOT
po3pobku nonatkiB Borland Delphi 7. IIpoananizyemo ocobauBoCTi
JTAHOTO CEPEIOBHIIIA.

Delphi — 1e iHTerpoBaHe cepeOBHIIE MIBUAKOI PO3POOKH
nporpamMHoro 3a0esnedeHHst st poboTu mix Microsoft Windows.
Bono miarpumye po3pobky Windows-3acTOCYHKIB Ha  MOBI
nporpamyBanss Delphi, sika € mHactynuunero mosu Object Pascal.

Delphi 2007, onmuHammsTa Bepcisi, BXOAWTH JIO CKIAdy
CodeGear RAD Studio 2007, sika TakoXX MIATPUMYE pO3pOOKYy Ha
C++ ms 32-6itHoi Microsoft Windows, a takosx Ha Delphi 1 C# nnst
wiatgpopmu Microsoft .NET. ¥V Delphi 2009, mo BunymeHna y ceprsi
2008-oro, 6iomiotekn VCL ta IDE mnoBHicTIO mepeBeneHi Ha
IOHikon, Takox 3'SBWIMCS HOBI  MOKJIHMBOCTI  KOMIIUISATOpA
(yzaranpaenHs (anrin. Generics) 1 aHOHIMHI MeToau), B IDE Oymo
J0JJTAaHO MEHEDKEP PecypciB Ta MOBHICTIO MepeOya0BaHO MEHEIKED
npoektiB. HaitHoBima, 15 Bepcis, mae HazBy Delphi XE i Bxoauts 10
Embarcadero RAD Studio XE.

Delphi B OCHOBHOMY BHKOPHUCTOBYETHCS JJIsI PO3POOKH
HACTUIPHUX 3acTOCyHKIB Ta koprmoparuBHuX CKBJl, mpore mei
IHCTpYMEHT MO’KHa BUKOPHCTOBYBAaTH JUIS PO3POOKH Oyab-SKOTO
3arajlkHOTO MPOTpaMHOTo 3abesnedyeHHs. He 3anmmieHa oCTOpoHb i
MOXJIHMBICTE TOOymoBH  Beb-3acTocyHKiB, Tak TOTpIOHUX Y
cy4acHOMY iH(}opMaliifHOMy CBITi.

Delphi momuproeTscsi y KUIBKOX peAaklisxX 3 pIi3HUMHU
MOXKJIMBOCTSIMH 1 IiHamMu: Personal (Ha naHuii yac HEZOCTYITHHUNA),
Professional, Enterprise (panime Client/Server) ta Architect.

Borland Kylix — ne eksiBanmenT no Delphi ans miardopmu
Linux. IIpore, po3poOka HacTymHUX Bepciii Oyra NpuUIUHEHA
komnaniero Borland. Tlpote 16 tpaBust 2009 poky Ha KoH(pepeHIii
Delphi Live 2009 Oymo orojomeHO Tpo poOOTy Haa TPOEKTOM
Delphi «X», mo mnonsrae Ha BBEICHHI KpOCIUIATPOPMEHHOI
HIATPUMKH Ui po3poOku Ha Mac OS Ta Linux.

Turbo Pascal ta Borland Pascal 6ynu nemesumu 16-6itHuMEU
KOMIISATOpaMH. 3a POKM CBOTO ICHYBAaHHS, BOHHM TPOWIUIM yepes
Oarato pemni3iB, i B OCHOBHOMY BUKOPHCTOBYBAJIHCS Ui CTBOPEHHS
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mporpam, 10 BUBOAWIM iH(OpMaLio y TekcToBoMy pexumi. Komu
BUKOPUCTaHHA TpadiuHoro iHTepdeiicy KOopHCTyBaua CTajio
HeoOxigauM y Microsoft Windows 3.1, Gyno mpencrasineno Delphi,
po3pobiene Ha ocHoBi Borland Pascal. Delphi Oyna meprioro Tak
3BAHOIO0 CHCTEMOIO MIBHAKOI PO3pOOKH, BHUMYIIEHOIO y 1995-omy
pori s 16-6itHoi Windows 3.1.

Delphi 2, mpencraBieHa pokoM TMi3HilIe, migTpumyBana 32-
6itne Windows-cepenoBuiie, a Bepcis, [0 BUKOPUCTOBYBaIa MOBY
C++, mig Ha3zBoto C++ Builder moGaunna cBir ime KiTbkoMa poKaMu
Mi3HIIIE.

l'onoBHuM apxirektopom Delphi Ha TOM wac OyB AHzaepc
IefincOepr, sxuii po3pobus Turbo Pascal. Bin nepeiimos y Microsoft
y 1996 nnst po3poOku moBu CH#.

Y 2001-omy pomi Oyma mpeacTaBieHa Bepcis I
omnepaniitHoi cucremu Linux mig Ha3Boro Kylix. [Ipote ayxe mBuIKO
BOHA Oyna PO3KPUTHKOBAHA 32 HU3BKY SIKICTh 1 BEIUKY KUIBKICTH
NOMUJIOK. Yepe3 1ie, BpaxOBYIOUM HU3BKHUU PIBEHb MPOAAXy, BOHA
Oyna 3aHe0aHa Micis TPEThoi Bepcii.

byma 3pobGmena cmpoba 3pobutu minTpumky 1 Linux, i
Windows st GararoriatrgopmMHOi po3poOKH, BHACTIIOK YOTO Y
Delphi 6 Oyma Bkmrouena O6ibmioreka CLX, OararommaTdopmHa
Bepcis 6i0miotekn VCL. Texnomoris CLX Tex 3a3Hana Mopaskd i
micist maniaas Kylix Tex Oyma 3akunyTa.

[le mounnarouw 3 nepimoi Bepeii 1.0 po3poOka mporpam st
0a3 maHWX cTayia ojHiel0 3 cwibHHX cTopiH Delphi. bibmioreka
Bi3yanpHUX KoMmmnoHeHT (anri. Visual Component Library, VCL)
MICTHJIa BENHKY Oi0MiOTeKy KOMIIOHEHT s JIOCTyIly Ta
MaHinmymtoBanHs 3 0Oazamu manux. Borland Database Engine Oyma
OpUTIHATFHOIO TEXHOJIOTIEI0 3B'SI3KY 3 0a3zaMu JaHUX, 1 Oyna €IMHUM
pimeHHsiM y paHHix Bepcisx Delphi. Haire 3apas3, konu BoHa pifko
BUKOPUCTOBYEThCS, ocTaHHS Bepcis IDE Bce mie mocTaBisieThes 3
BDE, He000B'I3K0BUM JIJI1 BCTAHOBJICHHS.

Delphi 7, Bunymena y cepni 2002, crana cranmapToMm Je-
dakTo mns Garatbox Delphi-po3poOHuKiB, 1 HaBiTh 3apa3 BOHA
aKTHBHO BHKOPHCTOBYeThCs. B Delphi 7 monaHo minTpumKy ais Tem
Windows XP 1 mokpameHO MOXJIHBOCTI Uit ToOymnoBu Web-
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3acTtocyHkiB. Takoxk me Oyna ocranHs Bepcis Delphi, sika morma
BUKOpUCTOBYBaTHCs Oe3 akTuBaiii. Bona mana numie HeoOOB'SI3KOBY
peectparlito, Ky MOXkHa Oyio mpocto mpoirHopyBatu. Delphi 7 €
HaiiOubm  ominenoto IDE, ctBopenoro Borland 3aBaskm cBoiit
CTaOUTHHOCTI, MIBUAKOCTI 1 HU3BKHMH BUMOTAaMH JI0 anapaTHOTO
3abe3neueHHs. He3paxkatoun Ha 1ie y wiit Bepcii Delphi, six i y Beix
1HIMX, OyJia BeTWKa KUTBKICTh BIIOMHUX MOMUJIOK, TaK 1 HIKOJIH HE
BunpasieHux Borland. 3aBmaHHs BuUNpaBieHHS NIHMX MNOMMIIOK
KOMMaHisg 3anmummia Ha coibHoTy Delphi (nuBiThes  «IpoekT
BigpoxeHHs Delphiy).

Delphi 8, mpencraBnenuit y rpyani 2003-oro, OyB nuiie
NET-penizom, 1mo 103BOJISIB pO3pOOHUKAM KOMIILTIOBATH BUXIJIHI
komu Object Pascal y .NET CIL. Takox BiH ayxke BiIpi3HSIBCS Bif
MoTepeHUKIB  30BHIMHIM Burisggom IDE, B skomy Bmepmie
3aCTOCOBAHO 0araTOBIKOHHHWI CTHJIb, 0araro B 4YOMYy CXOXXHH Ha
cepenosuie Microsoft's Visual Studio.NET. Xowa MoxnuBiCTH
nepemukanHs y kinacwuHe (anri. Classic Undocked) posmimeHHs
BIKOH BC€ M€ 3aJTHIIUIACS.

Hacrynna Bepcis Delphi 2005 (Delphi 9) Bkirowana B cobi
MOJIMBICTh PO3po0KH sk utst TuaTdopmu Microsoft .NET, tak i mig
«pinay» Win32. Takox 1151 Bepcist 103BOJIsIa MaHITyTIOBAaTH JAaHUMHU
3 0a3 IaHUX 1€ Y PeKUMI Tu3aifHepa. BinzHavanocs i BIOCKOHAIEHE
IDE, a 3 MOBHUX MOXJHMBOCTEl OyB HOBHII BUpa3 for ... in (aHamOr
foreach y C#'1). IIpore, cepenoBuiie Oyio 3HOBY PO3KPHTUKOBAHE 3a
BUsiBNIeHI momMmiikun — obuasi Bepcii Delphi 8 i Delphi 2005 manu
npoOseMH 13 cTabUTBHICTIO, K1 OyJM JIUIIE YaCTKOBO BHUIIPABJICHI Y
CEpBICHUX TTaKeTax.

Hanpuxkinni 2005-oro Oymo Bunymeno Borland Developer
Studio 2006, sixa Bximoyana C#, Delphi. NET, Delphi Win32 ta C++
y equaomy IDE. Lls Bepcis Oyma Habararo cradinpHima 3a Delphi 8
g Delphi 2005, i me Oinpine moiniieHa 3 BUIYCKOM CEPBICHUX
MAKeTiB Ta OHOBJICHb.

8-oro mortoro 2006-oro poxy Borland orosnocuia mpo momryk
nokynist A ii IDE i1 niHii npoaykTiB Ui 6a3 JaHUX, IO BKIIOYAIO
Delphi. Ile pimieHHs  KOMMaHis  TOSCHWJIA  HaMaraHHSIM
CKOHIIEHTPYBATHUCS Ha cBOIH NiHil mpoaykTie ALM. s HoBuHa Oyna
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CTIIpUIHATA 3 HEOJHO3HAYHOIO PEAKIIi€I0 PO3POOHUKIB, K1 BCE IIIE HE
nosmmun Delphi.

[octoro Bepecus 2006-oro Developer Tools Group (poboua
Ha3Ba I€ HE BIAIUIEHOT Tpymu po3poOHMKIB) kommanii Borland
Software Corporation BumycTHJIIM OJHOMOBHI Bepcii Borland
Developer Studio, moBepHyBIIHCH 10 TOmyJsipHOro iMeHi Turbo.
Hab6ip «Turbo» npoaykriB Bximoyas Turbo Delphi for Win32, Turbo
Delphi for .NET, Turbo C++, ta Turbo C#. KoxHa Bepcis qocTymnHa
B JBOX penakiisx: Explorer — Bepcist s BUIBHOTO CKadyyBaHHS; Ta
Professional — nereBa (US$899 nnst HoBux kopuctyBauis, US$399
JUIi  OHOBJICHHS) BepCis, fKa BiIKpuBajla JOCTYH JO0 THCSY
KOMIIOHEHT CTOpOHHIX BUpoOHMKiB. Ha Binqminy Bin pannix Personal
Bepciii Delphi, nHoBi Explorer-penakitii MOTJIn BUKOPHCTOBYBATHCS
JUTSE KOMEPITIHHOT po3poOKH MPOTrPaMHOTO 3a0e3MeUeHHS.

14-oro mucromnana 2006 Borland oronocwia mpo BiIIIICHHS
IpyIu po3poOHUKIB y He3anexHy AovipHio koMmnaHito CodeGear.

Delphi 2007 — mepma Bepcist Bunymena CodeGear 16-oro
oepesns 2007. Win32-Bepcis Oyna mpejcTaBiieHa MEpIoro, Mi3HIIIe
oyna Bunymena .NET-epcis Delphi 2007 sx uyacTuHa TpOAYKTY
CodeGear RAD Studio 2007. HoBi MOXIHMBOCTI BKIIOYAJIH
niarpuMky MS Build Ta Bnockonanenns Visual Component Library
st Windows Vista. CodeGear takox mpenctasuina DBX4 sk HOBY
Bepcito dbExpress. Bmepmie Delphi moxxHa Oyno 3aBaHTaXHUTH 3
IHTEpHETY 1 aKTUBYBATH JileH31HHUM KimroueM. JlokarizoBaHi Bepcii
Delphi 2007 Oynu omHOYacCHO TIPEICTABIICHI HA AHTJIHCHKIH,
¢bpanIy3bKiif, HiMeNbKid Ta snoHCbKiH MoBax. RAD Studio 2007,
sKa BKiIroYana po3pooky Ha Delphi. NET ta C++, Oyna BumyieHa 5-
oro BepecHs 2007-oro.

VY Delphi 2009 (komoBa Ha3Ba Tiburdn) gonano 6araro HOBUX
MOKJIMBOCTEH, 30KpeMa y3arallbHeHHs (aHIJI. generics), aHOHIMHI
metoau (s Win32 ta .NET), noBuictio nepepobierno VCL ta RTL
i moBHOT migTpuMkn FOHIKOTY.

Borland mpomanma CodeGear kommanii Embarcadero
Technologies B 2008. Embarcadero 36eperna Bimmin CodeGear,
crBopernit Borland, st inenTudikamii KyruieHuX IpoayKTiB, CBOT XK
po3pobku Embarcadero Bupimmia po3MOBCIOKYBATH IiJ| IMEHEM

42



DatabaseGear. 25 ceprust 2009 poky Oyno Bumymieno 14-ty (13-ty
Bepcito po3poOHuKH mpomyctuinu) Bepcito — Delphi 2010. 30
cepras 2010 Bumymeno 15ty Bepciro — Delphi XE.

Bubip came 1i€i cucreMu TOSICHIOETHCS THM, IO BOHA €
MPOCTOI0 Y BUKOPUCTAHHI, Ma€ 3BUYHUHN Ta IHTYITHBHO 3pO3YyMiIHN
CHHTaKCUC, 1 pa3oM 3 THUM J03BOJISIE BHKOPHUCTOBYBATH MOTYXKHI
MPOrpaMHi KOMIIOHEHTH: Bil BOY/JIOBAaHUX JI0 3araJIbHOCHCTEMHUX.

2.4. [IpakTuyHa peaJizaiisi cucTeMu AJs1 00poOKH
uugpoBoro 3ByKy.

Po3rnsiHeMO pakTH4HY peaizallito IporpaMHOTO 3aco0y st
00poOku U(ppOBOTO 3BYKY.

[TIporpama X3M ElJay peanizoBana y BUTJSAI BIKOHHOTO
JIOJIaTKy JJsi omepariiiHoi cuctemu Microsoft Windows. Beroro y
mporpaMi MPHUCYTHI TPU BiKHA: TOJOBHE BIKHO, IO MICTHTh BECh
OCHOBHHUIA (PYHKITIOHAJI, BIKHO JTOBIIKOBOI CHCTEMHU, IO MICTUTh JaHi
po poOOTY 3 MpoTpamMoro, Ta iHGopMaIliiiHe BIKHO PO MPOrpaMmy.

o
m Outavsten [Conexant Smatdudia H
: . - - onoteora
m Murpomon (Conesant SmartdudaH » ‘ :
ClE DI Voteal  smong e [ws 2

Tapreron Npaeka | Tesupmaui | Cimes

Ty | gl

Beragimy iy El
-ﬂoﬁasneme v |

& B anirosws,qaaﬁn 0w >

Puc. 2.4. Tarepdetic nporpamu X3M ElJay.
43

KopucryBanpkuii  inTepdeiic mporpamu  po3AUIEHO Ha
JeKUIbKa JIOTTYHUX 30H. Jl0 mepmioi 30HU BIAHOCSTHCS EIEMEHTH
iHTEepdelicy, 10 BiINOBINAIOTH 3a 3aBaHTAKEHHS Ta KepyBaHHS
3BYKOBUM IOTOKOM (puc. 2.5.)

m Durarauin [Conexant Smartdudio H =
m Mupodon [Conexant Smartdudio H =

e P11 o F|0He
r

Puc. 2.5. EnemenTH kepyBaHHS BXiJHUM Ta BHXIJTHUM
MOTOKAMH.

B niBoMy BepXHbOMY KYTKY 3HAXOAATHCS CEIEKTOPU
BXIJHOIO Ta BHXIZHOTO IIOTOKIB. BXIZHHM TOTOKOM IIO
3aMOBYYBAaHHIO € po03’eéM MIKpo(oHa 3BYKOBOI KapTH, BHXIJIHUM
MMOTOKOM — BHUXITHUI p03’€M 3BYKOBOi KapTH.

Hwxue posramoBaHi €l1eMEHTH KepyBaHHS 3aBaHTAXCHHAM
3BYKOBOTO PS/Iy 3 ICHYIOUOTO TpEKy Ta 30epiraHHsi MOTOYHUX 3MiH.

[Ipu 3aBaHTa)k€HHI TOTOBOTO TPEKY BiJOYBA€TbCS BUKIIHMK
CTaHJAPTHOTO JiaJIoTy BiIKpHUTTS (hailiry, Micis 4oro NuIsix J0 (aidmy
MEPelacTTCsd Ha BIAMOBIMHUN OOpPOOHWK, 1 Jaji HACTYMHUH KO
OTPanbOBYE (ailil TPEKy:

if (Status<>'starting')and(Status<>'waiting') then Exit;

if OpenDialog. Execute then FileName =
OpenDialog.FileName else Exit;

Status := 'opening';

AudioData.Data.Clear,

if GetFileAttributes(PChar(FileName)) and
FILE ATTRIBUTE READONLY = FILE ATTRIBUTE READONLY
then
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SetFileAttributes(PChar(FileName),

GetFileAttributes(PChar(FileName))
FILE ATTRIBUTE READONLY);

Ext := ExtractFileExt(FileName),;

fori:=1to Length(Ext) do Ext[i] := UpCase(Ext[i]),

if Ext = ""WAV" then

begin
PCM := TPCMFile.Open(FileName),
PCM.ReadAudioData(AudioData);

PCM.Destroy,
end;
if Ext = "MP3' then
begin

MP3 := TMP3File.Open(FileName),
MP3.ReadAudioData(AudioData),

MP3.Destroy;
end;
if Ext = ""EMI' then
begin

EM1 := TEMIFile.Open(FileName);
EM1.ReadAudioData(AudioData),
EM|1.Destroy;,

end;
Str(AudioData.nChannels, S);

nChannelsText.Caption := S + ' channels';

Str(AudioData.nBitsPerSample, S),

nBitsPerSampleText.Caption := S + ' bits';

Str(AudioData.nSamplesPerSec, S);
nSamplesPerSecText.Caption := S + ' Hz',
AudioPosition := 0;

AudioData.Calculate nBlockAlign,
SetAudioPosition,

DeleteMarkers;

Status := 'waiting';
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xXor

Sk 6aynMo, 3aNeKHO BiA TOTO, SKOTO THIY aJITOPUTM
KOJYBaHHS BHXIJIHOTO (aiily, 3UMTyBaHHS JaHUX BiIOyBa€TbCs MO
pi3HOMY.

[Topsin po3TamioBaHi €IeMEHTH KEPYBaHHS MEIIaIIeEpOM —
3allyCK BIATBOPEHHs, May3a, Ta CTapT 3amucy. Takox mopsa 3
JAaHUMU €JIEMEHTaMH PO3TAIOBAHO MEpPEeMHKad PEKUMY «BiIKAaT Ha
nomepenHio  omepariro». [lo  3aMOBYYBaHHIO JaHUH  PEXUM
VBIMKHEHO, aji¢ BiH BHMAarae IOTY)XHOTO IIpollecopa a TaKOXK
J0JJATKOBOTO MICIIsl Ha AUCKY. Tomy Jutst 30U1bIIeHHs e(h)eKTUBHOCTI
poOOTH MpOrpaMu JaHWH PEKUM MOKE OYyTH BUMKHEHUH.

B meHTpanpHiii YacTMHI  PO3TALIOBAaHO  Bi3yalli3aTop
3BYKOBOTO psify, SKAW y BHIVIAAI OCIHJIOTPaMHU  BIATBOPIOE
HaOMIDKEHYy KapTHHY YacTOTHHX XapaKTepHCTUK Tpeky. Ilig
Bi3yaJli3aToOpoM pPO3MIIIEHO JIIYMIBLHUK BKa3iBHMKA MeJiaruieepa, a
TaKOXX IHIUKATOp OiTpeiiTa, sIKMil BimoOpakae MOTOYHHUN OITPEHT B
pexuMi pearabHOro yacy. OYyHKITIOHAT I[bOTO 1HIMKATOPa MPAIIOE SIK
13 CTATUYHUM TaK 13 JUHAMIYHUM OITPEUTOM.

B HmWKHIH YaCTHHI pO3TAIIOBAHO PETYNATOP BKa3iBHUKA
TPEKyY, SKAW JI03BOJISIE€ MPOBOJIUTH TEPEMIIIEHHS MO 3BYKOPsAY i3
BpaxyBaHHSM JIaHUX JIYHIIbHHUKA.

[Topsim i3 30HOI0 KepyBaHHS TPEKOM 3HAXOAATHCS KHOIKH
BUKIIMKY TEKCTOBOi JIOBIIKM Ta IHQOpPMALiHHOrO BiKHA MPO
porpamy.

Bci enemenTu st 0OpoOKM 3BYKOBOTO PsiIy 3HAaXOAATHCS B
OKpeMiif 30Hi, 0 PO3MillleHa B HIDKHIA YaCTHHI BiKHA.

Bei MoxmBi omepartii Haax JaHUMHU OyIIo pO3MOJIIEHO Ha
YOTUPU OCHOBHI TpYyNHW, 1 BIAMOBIIHI €JIEMEHTH KepyBaHHS
3TPYNOBAaHO y BUTIISAAI BKIAJOK. PO3TIsiHEMO eJeMEHTH KepyBaHHS
KO’KHOT 13 BKJIQJIOK.

Bknanka «[lapametrpu» n03BOJIsiE pearyBaTv mapaMeTpH, 1o
CTOCYIOTBCS 3BYKOpsITYy B milomy. OkpeMi (GyHKI[IOHATBHI €JIeMEHTH
TYT TaKOK 3TPYIOBAHO Yy BUIJISI/II OKPEMHUX BKIIAAOK. Tak, KepyBaHHs
YaCTOTHUMH XapaKTePUCTUKAMHU BiOyBaeThCsl 4Yepe3 BKIAJKY
«Aymionani» (puc.2.6.):
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kP | EderTi

Puc. 2.6. KepyBaHHSI 4aCTOTHUMHU XapaKTEPUCTUKAMH.

Sk Oaunmo 3 puc. 2.6., s TPEKy MOXHA 3aJaTd po3Mip
9aCTOTHOI TMOJIOCH, PO3PSIHICTh, Ta KUIBKICTh KaHamiB. [lo
3aMOBYYBAHHIO BCTAHOBITIOIOTHCS 3aralIbHOCUCTEMHI TapaMeTpH.

Hdus cranmapry MP3 € MOXIHBICTH 3amaTH TPOITYCKHY
3maTHICTh, abo Oirpeiir. Ilporpama m03BOJISE TpAIIOBATH SK 13
CTaTUYHUM OITpEeHTOM, TaK i 3 JAMHAMIYHUM, KOJH HOTrO po3Mip
3MIHIOETBCS TiJ 4Yac BIATBOPEHHS aynio MOTOKy. Takox Ha mii
BKJIQ/ILII MOJKHA 3aJIaBaTH PEXUM BIITBOPEHHS CTEPEO-3BYUaHHSI.

T.-'l'-.gu.io.u.aHi MP3 | Egerru _
128 =]

4 - CTaHQapTHOE KAYECTED ™

Puc. 2.7. HanamryBanss konyBanus MP3.

st Tpeky B IUIOMy MOXHa 3amatd edektu. lle mokHa
3pobutH 3a gornomororo Brimaaku «Edexruy (puc.2.8.)
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Puc. 2.8. KepyBanHs 3araqbHUMHU €EKTaMHU TPEKY.

Bceboro goctymHMMHM € gBa  TUNM  e(eKTiB: JyHa Ta
peBepOepamis. HamamTyBaHHS KOXXHOTO 3 HHX € aOCOJIIOTHO
ogHakoBuMH. Jlisi TOro WM iHIIOTO eQeKTy HEOOXiTHO 3aaaTh
KUIBKICTh  BIAJI3€PKAIIOBaHb, 3aTPUMKy CHTHaly, Ta TYy4HICTb
BiJJI3EPKATIOBAHHS.

PexxuMm mpaBKku Tpeka O3BOJSE TPOBOAMTH CTBOPEHHS Ta
3BeJICHHs ceM TuIiB (puc. 2.9.)

@OyHKIIOHAT M[porpamMH  JI03BOJISIE BUAUIATH  HEOOXiAHI
(bparMeHTH OpUTiHATILHOTO 3BYKOBOTO PSY, 1 IaJli, B 3aJIEKHOCTI Bif
PeKUMY BCTaBKH, 3aMiHSTH, BCTaBJIATH, a00 3MIIIyBaTH CEMILIH.
KpiM TOro € MOKIMBICTh KOPUCTYBATUCh MapKepaMH, Ta POBOJUTH
EKCIIOPT CeM IUTIB B OKpemi (ailfii 3 TOJAIBIIOK MOXKJIHUBICTh
MIPOBECTH 3BOPOTHY OMEPAIIIO — EKCIIOPT ceMIuIa 3 (aiiya B TpeK.

.HapMBTpH MNpaexa |£lecpnpmaui|'| Cuhres

KanieaTy Bupizamu Korikeamy & daiin ¢ 3

m Beragumy X Bugandti m Birasumu w3 daina MpuEpaTH MaprEnM B ymeni 0 cex.

af’ Crepru HI K BoTaB T THLY o=

lofizeneHue  *

Puc. 2.9. Pexxum mipaBku.

Jlis mpuKIIanay, pO3MJIIHEMO KOJ KOIMilOBaHHS (pparMeHTa
TpeKa B CeMILI:
if Status<>'waiting' then Exit;
Status := 'editing';
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with AudioData do
AudioSize := Data.Size div nBlockAlign,
with Selection do

begin
if not StartExists or not FinishExists then
begin
DeleteMarkers;
Start := 0;
Finish := AudioSize-1;
end,
CopyAudio(AudioData, AudioClipBoard, Start, Finish);
end;
Str(AudioClipBoard.Data.Size div

AudioClipBoard.nBlockAlign div AudioClipBoard.nSamplesPerSec,
S);

Memol.Text := B 6ygepi:' + S + ' cex.”;

Status := 'waiting';

Sk OaunMo, i3 3arajJbHOrO 3BYKOBOTO IOTOKY BHIUISETHCS
¢bparmenT, BU3HaueHW 3MiHHUME Start, Finish, 1 3a 10IOMOTro0
¢bynkuii CopyAudio BianpasnseTbes B Oydep.

OcHOBHMM 3aco00M 3acTocyBaHHS (UIBTPIB € BKJIaaKa
«edopmarii» (puc. 2.10):

.HaEMETEHl Npasxa Hedopaui | Cynres

Ei} BoTaHoEMTM TEMD ) BCTaHOEMTH MyaHiCTB
ﬁ}@ [1naEHD HMEMTM 00 m [AGEHD ZMIHATH 10

1005

5 Dfiepryri seyanrn | WU~ BpisHATH rysHicTs

Puc. 2.10. Pexxum Haknmaganas QibTpiB.

Haxmananusa QiabTpiB J03BOJISIE HATATH TPEKY 3aKiHUEHOCTI,
a TaKOXX CTBOPUTH ONTHMAaJbHI 3BYKOBI MEPEXOAH MK OKPEMHUMHU
ceMIIaMH. Y BUTAJKY CTBOPEHHS IMiIKACTIB BUKOPUCTAHHS (QiIBTPIB
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JIO3BOJISIE CTBOPUTH TPABHIBHO O(OPMIICHI MOYATOK 1 3aKiHYEHHS
mijKacra.

Bcporo poctynHo 1Ba OCHOBHUX e(eKTH (TeMI Ta 3By4YaHHs),
KOKEH 3 SKHX MOXe OyTH 3aCTOCOBAaHHH SIK JUCKPETHO, TaK 1 3
IJIJABHUM aBTO-PELIYIIOBAHHAM. JIOCTYIHUI TaKOX pEXUM aBTO-
peryaoBaHHS TYYHOCTI, Ta PEXKUM IHBEpCii 3By4aHHs. TakoX MOXKHA
3aCTOCYBaTH OJUH 13 JOMaTKoBHX edekTiB (IyHa, peBepOeparis,
TOIIO HE JI0 TpeKa B3araii, a 0 OKPEMOTO CEMILIA).

s mpukiagy — po3TIISIHEMO — KOJI  @BTOMATHYHOTO
BUPIBHIOBAHHS T'YYHOCTI:

AudioSize: Cardinal;
begin
if Status<>'waiting' then Exit;
Status := 'deformation’;
SaveUndolnfo,
with AudioData do
AudioSize := Data.Size div nBlockAlign,
with Selection do
begin
if not StartExists or not FinishExists then
begin
DeleteMarkers,
Start :=0;
Finish := AudioSize-1;
end;
Normalize(AudioData, Start, Finish-Start+1);
end;
Status := 'waiting';

Sk 6aunMMo 13 JCTHHTa KOJXy, HOpMAai3allisi BilOyBaeTbCs
BUKITUKOM BIJIOBIAHOT (YHKIIIi A1 3BYKOBOTO TIOTOKY i3 BKa3aHUM
MOYaTKOM Ta KiHIeM mepioay. Bei Buxianai ko QyHKIIN MOIaHO Y
PO31iIi J0JATKIB, B JOJATKY 1.

HactymauMm enemenToM ¢yHKIIOHaNy € Bkimaaka «CHHTE3»
(puc. 2.11.):
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|' ﬂapMETpHI I'IpaBKa| Hedopmayi  CuHres

HarypankHi Gurra m m

Puc. 2.11. Pexxum cuHTE3y 3BYKY.

Pexxum cuHTE3y 3BYKY B JaHii mporpami peanizoBaHO Y
BUTJISI/II IUCKPETHOTO OiT-TeHepaTopa, SKHil JO3BOJISIE TEHEPYBaTH
OIT 3a7aHOT YaCTOTH.

I'enepartist 6iTy BigOyBaeThCS 3a JIOTIOMOTOI0 HACTYITHOTO
IPOTrPaMHOTO KOJY:

if Status<>'waiting' then Exit;
Status := 'deformation’;
SaveUndolnfo,
with AudioData do
AudioSize := Data.Size div nBlockAlign,
with Selection do
begin
if not StartExists or not FinishExists then
begin
DeleteMarkers;
Start := 0;
Finish := AudioSize-1;
end,
AddBrainWave(AudioData, Start, Finish-Start+1,
BWFreqEditl.Value, BWFreqEdit2.Value),
end,;
Status := 'waiting';

bir renepyerscs 3a momomorow ¢yHkuii AddBrainWave B
SKOCTI apryMeHTIB SIKO1 BHCTYIMAIOTh 3BYKOBHH pSAI, MPOMDKOK
CeMILIa, a TAKOXK YaCTOTHI XapaKTePUCTUKH OiTa.
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TakuM YuHOM OYIIO PO3TIISIHYTO OCHOBHI (DYHKIIOHAJIBHI
Mo>MBOCTI porpamMu X3M Elay. IIporpama 103BoJisie BAKOHYBAaTH
3amayi, K1 OyJIM IMOCTaBJICHI, OT)KE MOXKHA BBAXKATH, IO METa JIaHOT
poboTH Oyra IMiTKOM JOCATHYTA.

[lepcnekTBa pO3BUTKY JaHOI IPOTpaMHM IIOJISITae B
pO3MIUpPEeHH]  (QYHKIIOHATBHUX  XapaKTePUCTUK, 1 MOKJIMBIN
iHTerpamii i3 OUThII MOTYKHUMH ayAio-peAakTopaMu MO OOMIHY
JTAHUMU.

BuchoBku

Jana wMarictepchka po0OTa TPHUCBSIYCHA TEXHOJOTISIM
00poOKku U(ppPOBOTO 3BYKY.

B pesynprari BUKOHaHHA JaHOi poOOTH Oyi0 JOCITIHKEHO
TEOPETUYHI OCHOBU IU(POBOTO 3BYKY, Ta OCHOBHI TE€XHOJOTII HOro
00poOku. Ha OCHOBI OTpUMaHHX TEOPETHYHHX pPE3YyJIbTaTiB OYI0
po3polIieHo mporpamy st 00poOKH TU(GPOBOTO 3BYKY.

Po3pobnena nporpama /103B0Jisl€ BUKOHYBATH HaJl HU()POBUM
3BYKOM Bcl 0a30Bi omepailii, motpeba B SKMX MOX€ BUHUKHYTH B
MepeciyHOro KOpPUCTyBada. 30KpeMa OCHOBY IIJIi OOpOOKH MOXKe
CTaHOBUTH SIK TOTOBWH 3BYKOBHU psiji, 3aBaHT@XEHUH 13 (aiina B
0/IHOMY 13 TphOX (opmartiB koayBaHHs (wav, mp3, eml). [Ipu npomy
JIEKOJTyBaHHS 1 MOJaJIbIlle KOYBAaHHS 13 CTUCHEHHSIM TpH 30epiranHi
BiIOYBAIOTHCSI aBTOMATUYHO.

Kpim TOro mepenbayeHo MOXIUBICTh HAKJIQJaHHSA Ha
3BYKOpsAI (pparMeHTiB i3 IHIIMX TOTOBUX 3BYKOBUX pAIiB, abo
MOTOKOBOTO 3BYKY 13 30BHIIIHBOTO JPKEpesa, MiJ SKHUM PO3YMIETHCS
Mikpo(oH, a0 HIIMI aHAIOTOBHH MPUCTPINH-TEHEPATOP 3BYKY.

Jlo ocHOBHUX (DYHKIIIOHAJILHUX XapaKTEPUCTHK PO3poOIIeHOl
porpamMy MOYKHA BiTHECTH HACTYITHI:

e Mojudikallis mapaMeTpiB 3BYKOBOTO CUTHAITY;

e mpaBka (parMeHTiB 3BYKOBOTO TIOTOKY (CEMILTIHT);

e 00poOka 3BYKOBOTO psAy 3  BHKOPHCTaHHIM
¢inpTpanii (MiKCyBaHHS),

® CHUHTE3 HOBUX €JIEMEHTIB 3BYKOBOTO psay (Oir-
reHeparop).
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3aBnsku (yHKIIOHATY Moaudikallii mapaMerpiB 3BYKOBOTO
CUTHATy MOJKHa 3MIHIOBAaTH OCOOJIMBOCTI KOJyBaHHS (4acTOTHI
XapaKTEePUCTUKH, OITPEHT, TOINO), a TAKOXK HAKIAJaTH Jeski 06a30Bi
eeKTH: BiyI3epKaICHHs Ta 3aTPHUMKY 3BYKY, JIYHY TOIIIO.

@OyHKIIOHAT TpaBKH  (ParMeHTiB  3BYKOBOTO  TOTOKY
J03BOJISIE BUAULTH 13 3araJibHOT KOMIIO3MIII  OKpeMi elleMEeHTH
(cemrun), i omiepyBaTH HUMU, MOIM(IKYIOUHN 3arajibHy KOMIIO3HUILIIO.

@ynKIioHaN 3BYKOBHX jAedopMariii (HakimanaHHs (QUIBTPIB)
J03BOJISIE  KEPYBAaTH pPSAOM pI3HUX 3BYKOBHUX XapKETEPHCTHUK,
30KpeMa KOHTpOJIFOBATH TENM, T'YYHICTh, a TaKOX 3aCTOCOBYBATH
eexTH (MIaBHy 3MiHY TEMITY i TYYHOCTI, BUPIBHIOBaHHS T'YYHOCTI,
IHBEpCII0 CHTHAITY, TOIIO).

B mporpamy Ttakox BOyIoBaHUU OiT-reHeparop, SKHA
monpasaa mMae 0a30BUi (DYHKI[IOHAT, OJTHAK JI03BOJISIE TEHEPYBATH
PUTM-0iT 13 3aJAHUMHU YaCTOTHUMH XapaKTEPHUCTUKAMHU.

Po3pobnena mporpama oOpieHTOBaHa Ha BHKOPHCTAHHS B

miIkacTax uis 3amnucy Ta oOpOOKH 3BYKY, a TakKOX Ul HaBYAHHS
OCHOBaM OOpOOKHM HM(POBOTO 3BYKY HpPU CTBOPEHHI ENEKTPOHHOI
MY3HKH.
OTxe, B MJICYMKY, MOXHa CKa3aTH, II0 B pPe3yJbTaTi BUKOHAHHS
naHoi poOoTu Oyno JOCATHEHO BCIX TOCTAaBJICHUX LUIEH, a came
JOCTI/DKEHO TOHATTA IM(POBOTO 3BYKY Ta TEXHOJIOTIH #HOro
0o0poOKHM, 1 Ha OCHOBI OTPUMaHHX TEOPETHYHUX PE3YNIbTaTIB
PO3po0IIeHO porpamy sl poOOTH i3 TUGPOBUM 3BYKOM.
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Honarku
Honatok 1. [Iporpamua peadni3zauisi eexTiB 118 00podku
nu(ppPoBOro 3ByKy

unit AudioFormat;
interface
uses
SysUtils, FileUtils;
type
TAudioFile = class(TFile)
end;
type
TAudioData = class(TObject)
public
nChannels: Word;
nSamplesPerSec: LongWord;
nBitsPerSample: Word,
nBlockAlign: Word;
Data: TFile;
constructor Create;
destructor Destroy;
procedure Calculate nBlockAlign;
procedure ReadSample(Number, Channel: Longlnt; var
Value: Integer);
procedure WriteSample(Number, Channel: Longlnt; Value:
Integer);
function Extremum(Number, Channel: LongInt): Boolean;
private
Name: String;
end;
procedure  CopyAudio(var  AudioSource,  AudioGeter:
TAudioData; Start, Finish: Cardinal);
procedure DeleteAudio(var AudioData: TAudioData; Start,
Finish: Cardinal);
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procedure  InsertAudio(var  AudioSource,  AudioGeter:
TAudioData; Start: Cardinal);

procedure OverwriteAudio(var AudioSource, AudioGeter:
TAudioData; Start: Cardinal);

procedure  MixAudio(var  AudioSource,  AudioGeter:
TAudioData; Start: Cardinal);

procedure ReverseAudio(var AudioData: TAudioData; Start,
Count: Cardinal);

procedure AddBrainWave(var AudioData: TAudioData; Start,
Count, Freql, Freq2: Integer);

procedure SetSpeedOfAudio(var AudioData: TAudioData;
Start, Count: Cardinal; Speed: Real);

function ChangeSpeedOfAudio(var AudioData: TAudioData;
Start, Count: Cardinal; Speed: Real): Cardinal;

procedure SetnSamplesPerSec(var AudioData: TAudioData;
Value: Cardinal);

procedure SetnBitsPerSample(var AudioData: TAudioData;
Value: Cardinal);

procedure SetnChannels(var AudioData: TAudioData; Value:
Cardinal);

procedure SetVolumeOfAudio(var AudioData: TAudioData;
Start, Count: Cardinal; Volume: Real);

procedure Echo(var AudioData: TAudioData; Start, Count,
Number, Delay: Cardinal; Volume: Real);

procedure Reverberation(var AudioData: TAudioData; Start,
Count, Number, Delay: Cardinal; Volume: Real);

procedure ChangeVolumeOfAudio(var AudioData:
TAudioData; Start, Count: Cardinal; Volume: Real);

procedure ReChangeVolumeOfAudio(var AudioData:
TAudioData; Start, Count: Cardinal; Volume: Real);

procedure Normalize(var AudioData: TAudioData; Start,
Count: Cardinal);

implementation

constructor TAudioData.Create;

var

TempDir, FileName: String;
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1: Word;
begin
inherited Create;
TempDir := GetEnvironmentVariable('TEMP")+'\';
1:=0;
FileName := TempDir + '\' +'0.TAD';
while FileExists(FileName) do
begin
Inc(i);
Str(i, FileName);
FileName := TempDir + "\' + FileName + "TAD';
end;
Name := FileName;
Data := TFile.Create(FileName);
end;
procedure TAudioData.Calculate nBlockAlign;
begin
nBlockAlign := nBitsPerSample div §;
if nBitsPerSample mod 8 <> 0 then Inc(nBlockAlign);
nBlockAlign := nBlockAlign*nChannels;
end;

procedure TAudioData.ReadSample(Number, Channel:

Longlnt; var Value: Integer);
var
i: Byte;
Mult, AbsValue: LongWord;
begin
Calculate nBlockAlign;

Data.Position = Number*nBlockAlign +

Channel*(nBlockAlign div nChannels);
AbsValue := 0;
Data.Read(AbsValue, nBlockAlign div nChannels);
Mult :=1;
for i := 1 to nBlockAlign div nChannels do
Mult ;= Mult*256;
if nBitsPerSample>8 then
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if AbsValue >= Trunc(Mult/2) then Value := AbsValue -
Mult else Value := AbsValue
else Value := AbsValue-128;
end;
procedure  TAudioData.WriteSample(Number, Channel:
LonglInt; Value: Integer);
var
K: Byte;
N: Cardinal;
begin
Calculate nBlockAlign;
Data.Position = Number*nBlockAlign +
Channel*(nBlockAlign div nChannels);
if Data.Position>Data.Size then
begin
K :=0;
N := Data.Position + nBlockAlign div nChannels;
Data.Position := Data.Size;
while Data.Position<=N do Data. Write(K, 1);

Data.Position = Number*nBlockAlign +
Channel*(nBlockAlign div nChannels);
end;

if nBitsPerSample<=8 then Value := Value+128;
Data.Write(Value, nBlockAlign div nChannels);
end;
function TAudioData.Extremum(Number, Channel: Longlnt):
Boolean;
var
Smpl, Smp, Smp2: Integer;
begin
if (Number = 0) or (Number + 1 = Data.Size div nBlockAlign)
then
begin
Extremum := True;
Exit;
end;
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ReadSample(Number-1, Channel, Smp1);
ReadSample(Number, Channel, Smp);
ReadSample(Number+1, Channel, Smp2);
if (Smp1<Smp)and(Smp>Smp2) or
(Smp1>Smp)and(Smp<Smp2) then
Extremum := True
else
Extremum := False;
end;
destructor TAudioData.Destroy;
begin
Data.Destroy;
DeleteFile(Name);
inherited Destroy;
end;
procedure  CopyAudio(var  AudioSource,  AudioGeter:
TAudioData; Start, Finish: Cardinal);
var
1: Cardinal,
Buf: array[0..63] of Byte;
begin
AudioGeter.Data.Clear;
AudioGeter.nChannels := AudioSource.nChannels;
AudioGeter.nSamplesPerSec =
AudioSource.nSamplesPerSec;
AudioGeter.nBitsPerSample := AudioSource.nBitsPerSample;
AudioGeter.Calculate_nBlockAlign;
AudioSource.Data.Position =
Start* AudioSource.nBlockAlign;
for i := 1 to Abs(Finish-Start) do
begin
AudioSource.Data.Read(Buf, AudioSource.nBlockAlign);
AudioGeter.Data. Write(Buf, AudioSource.nBlockAlign);
end;
AudioGeter.nChannels := AudioSource.nChannels;
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AudioGeter.nSamplesPerSec =
AudioSource.nSamplesPerSec;
AudioGeter.nBitsPerSample := AudioSource.nBitsPerSample;
end;
procedure  InsertAudio(var  AudioSource,  AudioGeter:
TAudioData; Start: Cardinal);
var
1: Cardinal,;
Buf: Byte;
begin
if AudioSource.Data.Size = 0 then Exit;
AudioGeter.Data.Insert(Start* AudioGeter.nBlockAlign,
AudioSource.Data.Size);
AudioSource.Data.Position := 0;
AudioGeter.Data.Position := Start* AudioGeter.nBlockAlign;
for i :=1 to AudioSource.Data.Size do
begin
AudioSource.Data.Read(Buf, 1);
AudioGeter.Data. Write(Buf, 1);
end;
end;
procedure DeleteAudio(var AudioData: TAudioData; Start,
Finish: Cardinal);
begin
AudioData.Data.Delete(Start* AudioData.nBlockAlign,
Abs(Finish-Start)* AudioData.nBlockAlign);
end;
procedure OverwriteAudio(var AudioSource, AudioGeter:
TAudioData; Start: Cardinal);
var
1: Cardinal,
Buf: Byte;
begin
if AudioSource.Data.Size = 0 then Exit;
AudioSource.Data.Position := 0;
AudioGeter.Data.Position := Start* AudioGeter.nBlockAlign;
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for i := 1 to AudioSource.Data.Size do
begin
AudioSource.Data.Read(Buf, 1);
AudioGeter.Data. Write(Buf, 1);

end;
end;
procedure ~ MixAudio(var  AudioSource,  AudioGeter:
TAudioData; Start: Cardinal);
var

1, Channel, AudioSize: Cardinal;
Value, MaxValue: Int64;
Sampl, Samp2: Integer;

begin
if AudioSource.Data.Size = 0 then Exit;
AudioSize = AudioGeter.Data.Size div
AudioGeter.nBlockAlign;

MaxValue := 1; for i := 1 to AudioGeter.nBitsPerSample-1 do
MaxValue := MaxValue*2;
for i = 0 to AudioSource.Data.Size div
AudioGeter.nBlockAlign - 1 do
for Channel := 0 to AudioGeter.nChannels-1 do
begin
AudioSource.ReadSample(i, Channel, Samp1);
if Start+i<AudioSize then
AudioGeter.ReadSample(Start+i, Channel, Samp?2)
else
Samp2 :=0;
Value := Samp1 + Samp?2;
if (Value < -MaxValue)or(Value >= MaxValue) then
Value := Trunc((Value)/2);
AudioGeter. WriteSample(Start+i, Channel, Value);
end;
end;
procedure ReverseAudio(var AudioData: TAudioData; Start,
Count: Cardinal);
var
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1, AbsStart, AbsFinish, AbsCount: Cardinal;
BufferStart: Cardinal,
Buf: Int64;
TempAudio: TAudioData;
begin
TempAudio := TAudioData.Create;
AbsStart := Start* AudioData.nBlockAlign;
AbsCount := Count* AudioData.nBlockAlign;
AbsFinish := AbsStart+AbsCount;
1 := AbsFinish;
repeat
if i-AbsStart>=MaxSizeOfBuffer then
BufferStart := i - MaxSizeOfBuffer
else
BufferStart := AbsStart;
AudioData.Data.Position := BufferStart;
AudioData.Data.Read(Buf, 1);
while i>BufferStart do
begin
i:=1- AudioData.nBlockAlign;
AudioData.Data.Position := i;
AudioData.Data.Read(Buf, AudioData.nBlockAlign);
TempAudio.Data. Write(Buf, AudioData.nBlockAlign);
end;
until i=AbsStart;
AudioData.Data.Position := AbsStart;
TempAudio.Data.Position := 0;
for i:=1 to Count do
begin
TempAudio.Data.Read(Buf, AudioData.nBlockAlign);
AudioData.Data. Write(Buf, AudioData.nBlockAlign);
end;
TempAudio.Destroy;
end;
procedure AddBrainWave(var AudioData: TAudioData; Start,
Count, Freql, Freq2: Integer);
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var for i := 1 to AudioData.nBitsPerSample-1 do

i, MaxAmplitude: Cardinal; MaxAmplitude := MaxAmplitude*2;
T, TL, TR: Real, for Channel := 0 to AudioData.nChannels-1 do
Freq: Integer; begin
SampL, SampR: Integer; MaxVolume := 0;
begin for i := Start to Start+Count-1 do
if AudioData.nChannels = 1 then Exit; begin
MaxAmplitude := 1; AudioData.ReadSample(i, Channel, Volume);
for i := 1 to AudioData.nBitsPerSample-1 do if Abs(Volume) > MaxVolume then MaxVolume :=
MaxAmplitude := MaxAmplitude*2; Abs(Volume);
for 1 := Start to Start+Count-1 do end;
begin K := MaxAmplitude/MaxVolume;
Freq := Freql + Round((i-Start)*(Freq2-Freql)/Count); for i := Start to Start+Count-1 do
T :=2*Pi/(AudioData.nSamplesPerSec/(Freq/100)); begin
TL := 2*Pi/(AudioData.nSamplesPerSec/(50+50*Freq/100)); AudioData.ReadSample(i, Channel, Volume);
TR = Volume := Round(Volume*K);
2*Pi/(AudioData.nSamplesPerSec/(50+50*Freq/100+Freq/100)); AudioData. WriteSample(i, Channel, Volume);
AudioData.ReadSample(i, 0, SampL); end;
AudioData.ReadSample(i, 1, SampR); end;
SampL = end;
Trunc(0.6*SampL+0.4*MaxAmplitude*Sin(i*TL)); procedure SetSpeedOfAudio(var AudioData: TAudioData;
SampR = Start, Count: Cardinal; Speed: Real);
Trunc(0.6*SampR+0.4*Max Amplitude*Sin(i*TR)); var
AudioData.WriteSample(i, 0, SampL); 1, j, k, n, NewCount: Cardinal;
AudioData.WriteSample(i, 1, SampR); Channel: Byte;
end; Smpl, Smp2: Integer;
end; Interval: Real,;
procedure Normalize(var AudioData: TAudioData; Start, TempAudio: TAudioData;
Count: Cardinal); Buf: Int64;
var begin
i, MaxAmplitude, MaxVolume: Cardinal; if (Speed = 1) or (Speed = 0) then Exit;
Volume: Integer; TempAudio := TAudioData.Create;
K: Real; TempAudio.nChannels := AudioData.nChannels;
Channel: Word; TempAudio.nSamplesPerSec := AudioData.nSamplesPerSec;
begin TempAudio.nBitsPerSample := AudioData.nBitsPerSample;
MaxAmplitude := 1; TempAudio.nBlockAlign := AudioData.nBlockAlign;
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NewCount := Round(Count/Speed);
if Speed > 1 then
begin
1 := NewCount;
Interval := Speed,;
AudioData.Data.Position := Start* AudioData.nBlockAlign;
while i<>0 do
begin
AudioData.Data.Read(Buf, AudioData.nBlockAlign);
TempAudio.Data. Write(Buf, AudioData.nBlockAlign);
AudioData.Data.Position := AudioData.Data.Position -
AudioData.nBlockAlign + Trunc(Interval)* AudioData.nBlockAlign;
Interval := Interval-Trunc(Interval)+Speed;
Dec(i);
end;
end
else
begin
Speed := 1/Speed;
for Channel := 0 to AudioData.nChannels-1 do

begin
1:=0;
j=0;

Interval := Speed;
while i<>Count do
begin
AudioData.ReadSample(Start+i, Channel, Smp1);
if i+1<>Count then
AudioData.ReadSample(Start+i+1, Channel, Smp2)
else
Smp2 := Smpl;
k := Trunc(Interval);
forn:=0to k-1 do
TempAudio. WriteSample(j+n, Channel,
Round(Smp1+(Smp2-Smp1)/k*n));
Interval := Interval-Trunc(Interval)+Speed;
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Inc(i);
Inc(j, k);
end;
end;
end;
Delete Audio(AudioData, Start, Start+Count-1);
InsertAudio(TempAudio, AudioData, Start);
TempAudio.Destroy;
end;
function ChangeSpeedOfAudio(var AudioData: TAudioData;
Start, Count: Cardinal; Speed: Real): Cardinal;
var
1, j, k, n: Cardinal;
Channel: Byte;
Smpl, Smp2: Integer;
Interval, FinalSpeed: Real,
TempAudio: TAudioData;
Buf: Int64;
begin
if (Speed = 1) or (Speed = 0) then Exit;
TempAudio := TAudioData.Create;
TempAudio.nChannels := AudioData.nChannels;
TempAudio.nSamplesPerSec := AudioData.nSamplesPerSec;
TempAudio.nBitsPerSample := AudioData.nBitsPerSample;
TempAudio.nBlockAlign := AudioData.nBlockAlign;
FinalSpeed := Speed;
if Speed > 1 then
begin
Speed = 1;
Interval := Speed,;
AudioData.Data.Position := Start* AudioData.nBlockAlign;
while AudioData.Data.Position div AudioData.nBlockAlign
< Start+Count do
begin
AudioData.Data.Read(Buf, AudioData.nBlockAlign);
TempAudio.Data. Write(Buf, AudioData.nBlockAlign);
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AudioData.Data.Position := AudioData.Data.Position -
AudioData.nBlockAlign + Trunc(Interval)* AudioData.nBlockAlign;
Interval := Interval-Trunc(Interval)+Speed;
Speed := Speed+Trunc(Interval)*(FinalSpeed-1)/Count;
end;
end
else
begin
FinalSpeed := 1/FinalSpeed;
for Channel := 0 to AudioData.nChannels-1 do
begin
1:=0;
j=0;
Speed = 1;
Interval := Speed;
while i<>Count do
begin
AudioData.ReadSample(Start+i, Channel, Smpl);
if i+1<>Count then
AudioData.ReadSample(Start+i+1, Channel, Smp2)
else
Smp2 = Smpl;
k := Trunc(Interval);
forn:=0to k-1 do
TempAudio. WriteSample(j+n, Channel,
Round(Smp1+(Smp2-Smp1)/k*n));
Interval := Interval-Trunc(Interval)+Speed;
Inc(i);
Inc(j, k);
Speed := Speed+(FinalSpeed-1)/Count;
end;
end;
end;
Delete Audio(AudioData, Start, Start+Count-1);
InsertAudio(TempAudio, AudioData, Start);
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ChangeSpeedOfAudio ;=  TempAudio.Data.Size  div
TempAudio.nBlockAlign;
TempAudio.Destroy;
end;
procedure SetnSamplesPerSec(var AudioData: TAudioData;
Value: Cardinal);
var
AudioSize: Cardinal;
begin
if AudioData.nSamplesPerSec = Value then Exit;
with AudioData do
AudioSize := Data.Size div nBlockAlign;
if AudioSize <> 0 then SetSpeedOfAudio(AudioData, O,
AudioSize, AudioData.nSamplesPerSec/Value);
AudioData.nSamplesPerSec := Value;
end;

procedure SetnBitsPerSample(var AudioData: TAudioData;
Value: Cardinal);
var
AudioSize, Max1, Max2, 1: Cardinal,;
Channel: Word;
Smp: Integer;
Mult: Real;
TempAudio: TAudioData;
begin
if AudioData.nBitsPerSample = Value then Exit;
with AudioData do
AudioSize := Data.Size div nBlockAlign;
TempAudio := TAudioData.Create;
TempAudio.nChannels := AudioData.nChannels;
TempAudio.nSamplesPerSec := AudioData.nSamplesPerSec;
TempAudio.nBitsPerSample := Value;
TempAudio.Calculate nBlockAlign;
Maxl = 1; for i := 1 to AudioData.nBlockAlign div
AudioData.nChannels do Max1 := Max1*256;
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Max2 = 1; for i := 1 to TempAudio.nBlockAlign div
TempAudio.nChannels do Max2 := Max2*256;
Mult := Max2/Maxl1;
if AudioSize<>0 then
begin
for Channel := 0 to AudioData.nChannels-1 do
for i := 0 to AudioSize-1 do
begin
AudioData.ReadSample(i, Channel, Smp);
Smp := Trunc(Smp*Mult);
TempAudio. WriteSample(i, Channel, Smp);
end;
AudioData.Data.Clear;
OverwriteAudio(TempAudio, AudioData, 0);
end;
TempAudio.Destroy;
AudioData.nBitsPerSample := Value;
AudioData.Calculate nBlockAlign;
end;
procedure SetnChannels(var AudioData: TAudioData; Value:
Cardinal);
var
AudioSize: Cardinal;
TempAudio: TAudioData;
i: Integer;
Channel: Cardinal,
Smp: Integer;
begin
if AudioData.nChannels = Value then Exit;
with AudioData do
AudioSize := Data.Size div nBlockAlign;
TempAudio := TAudioData.Create;
TempAudio.nChannels := Value;
TempAudio.nSamplesPerSec := AudioData.nSamplesPerSec;
TempAudio.nBitsPerSample := AudioData.nBitsPerSample;
TempAudio.Calculate nBlockAlign;
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for i := 0 to AudioSize-1 do
for Channel := 0 to Value-1 do
begin
if Channel < AudioData.nChannels then
AudioData.ReadSample(i, Channel, Smp)
else
AudioData.ReadSample(i, AudioData.nChannels-1, Smp);
TempAudio. WriteSample(i, Channel, Smp);
end;
AudioData.Data.Clear;
AudioData.nChannels := Value;
AudioData.Calculate nBlockAlign;
OverWriteAudio(TempAudio, AudioData, 0);
TempAudio.Destroy;
end;
procedure SetVolumeOfAudio(var AudioData: TAudioData;
Start, Count: Cardinal; Volume: Real);
var
MaxValue: Cardinal;
Value: Integer;

1: Cardinal,
Channel: Word;
begin
MaxValue := 1;
for 1 = 1 to  AudioData.nBlockAlign  div

AudioData.nChannels do
MaxValue := MaxValue*256;
MaxValue := MaxValue div 2 - 1;
for Channel := 0 to AudioData.nChannels-1 do
for 1 := Start to Start+Count-1 do
begin
AudioData.ReadSample(i, Channel, Value);
//Value := Trunc(Value*Exp(Volume/20));
Value := Trunc(Value*Volume);
if Abs(Value)>MaxValue then
if Value<0 then Value := -MaxValue
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else Value := MaxValue;
AudioData. WriteSample(i, Channel, Value);
end;
end;
procedure Echo(var AudioData: TAudioData; Start, Count,

Number, Delay: Cardinal; Volume: Real);

var
TempAudio: TAudioData;
i, j, DelaySmp: Cardinal,
SummSmp: Int64;
Mult: Real;
Smp: Integer;
Channel: Word;
MaxValue: Cardinal;
begin
for 1 = 1 to  AudioData.nBlockAlign  div

AudioData.nChannels do

MaxValue := MaxValue*256;
MaxValue := MaxValue div 2 - 1;
TempAudio := TAudioData.Create;
TempAudio.nChannels := AudioData.nChannels;
TempAudio.nSamplesPerSec := AudioData.nSamplesPerSec;
TempAudio.nBitsPerSample := AudioData.nBitsPerSample;
TempAudio.Calculate nBlockAlign;
DelaySmp =

Round(Delay* AudioData.nSamplesPerSec/1000);

for Channel := 0 to AudioData.nChannels-1 do
for 1 := Start to Start+Count-1 do
begin
AudioData.ReadSample(i, Channel, Smp);
SummSmp := Smp;
Mult := Volume;
for j ;= 1 to Number do

begin
if i-Start < DelaySmp*j then
Smp =0
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else
AudioData.ReadSample(i-DelaySmp*j, Channel, Smp);
SummSmp := SummSmp + Round(Mult*Smp);
Mult ;= Mult*Volume;
end;
Smp := Round(SummSmp/(Number+1));
if Abs(Smp)>MaxValue then
if Smp<0 then Smp := -MaxValue
else Smp := MaxValue;
TempAudio. WriteSample(i-Start, Channel, Smp);
end;
OverwriteAudio(TempAudio, AudioData, Start);
TempAudio.Destroy;
Normalize(AudioData, Start, Count);
end;
procedure Reverberation(var AudioData: TAudioData; Start,

Count, Number, Delay: Cardinal; Volume: Real);

var
TempAudio: TAudioData;
i, j, k, DelaySmp: Cardinal,
SummSmp: Int64;
SmpBuf: array[0..64] of Int64;
Mult: Real;
Smp: Integer;
Channel: Word;
MaxValue: Cardinal;
begin
for 1 = 1 to  AudioData.nBlockAlign  div

AudioData.nChannels do

MaxValue := MaxValue*256;
MaxValue := MaxValue div 2 - 1;
TempAudio := TAudioData.Create;
TempAudio.nChannels := AudioData.nChannels;
TempAudio.nSamplesPerSec := AudioData.nSamplesPerSec;
TempAudio.nBitsPerSample := AudioData.nBitsPerSample;
TempAudio.Calculate nBlockAlign;
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DelaySmp =
Round(Delay* AudioData.nSamplesPerSec/1000);
for Channel := 0 to AudioData.nChannels-1 do
for 1 := Start to Start+Count-1 do

begin
for j := Number downto 0 do
begin
if i-Start < DelaySmp*j then
Smp =0
else

AudioData.ReadSample(i-DelaySmp*j, Channel, Smp);
SmpBufj] := Smp;
end;
Mult := Volume;
for j := 1 to Number do

begin
for k := 1 to Number do
SmpBuf[k-1] = SmpBuf[k-1] +
Round(SmpBuf[k]*Mult);
Mult ;= Mult*Volume;
end;

Smp := Round(SmpBuf[0]/(Number+1));
if Abs(Smp)>MaxValue then
if Smp<0 then Smp := -MaxValue
else Smp := MaxValue;
TempAudio. WriteSample(i-Start, Channel, Smp);
end;
OverwriteAudio(TempAudio, AudioData, Start);
TempAudio.Destroy;
Normalize(AudioData, Start, Count);
end;
procedure ChangeVolumeOfAudio(var AudioData:
TAudioData; Start, Count: Cardinal; Volume: Real);
var
MaxValue: Cardinal;
Value: Integer;
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1: Cardinal,
FinalVolume: Real,;
Channel: Word;

begin
MaxValue := 1;
for 1 = 1 to

AudioData.nChannels do

AudioData.nBlockAlign  div

MaxValue := MaxValue*256;
MaxValue := MaxValue div 2 - 1;

FinalVolume := Volume;

for Channel := 0 to AudioData.nChannels-1 do

begin
Volume = 1;

for 1 := Start to Start+Count-1 do

begin

AudioData.ReadSample(i, Channel, Value);
//Value := Trunc(Value*Exp(Volume/20));
Value := Trunc(Value*Volume);
if Abs(Value)>MaxValue then

if Value<0 then Value := -MaxValue

else Value ;= MaxValue;
AudioData.WriteSample(i, Channel, Value);
Volume := Volume + (FinalVolume-1)/Count;

end;
end;
end;

procedure ReChangeVolumeOfAudio(var AudioData:
TAudioData; Start, Count: Cardinal; Volume: Real);

var
MaxValue: Cardinal;
Value: Integer;
1: Cardinal,
FinalVolume: Real,;
Channel: Word;
begin
MaxValue := 1;
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for 1 := 1 to  AudioData.nBlockAlign  div
AudioData.nChannels do
MaxValue := MaxValue*256;
MaxValue := MaxValue div 2 - 1;
FinalVolume := Volume;
for Channel := 0 to AudioData.nChannels-1 do

begin
Volume := 0;
for 1 := Start to Start+Count-1 do
begin

AudioData.ReadSample(i, Channel, Value);
//Value := Trunc(Value*Exp(Volume/20));
Value := Trunc(Value*Volume);
if Abs(Value)>MaxValue then
if Value<0 then Value := -MaxValue
else Value ;= MaxValue;
AudioData. WriteSample(i, Channel, Value);
Volume := Volume + FinalVolume/Count;
end;
end;
end;
end.
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