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BcTyn

[JaHni  HaBYaNbHO-METOAMYHUMA MNOCIOHMK HanNuMcaHWK y BigNOBIAHOCTI 3
HaBYa/NbHOK Mporpamoto auvcumnaiHnm "MegiHi TexHonorii B pagiodisunui”, wo
BUKNAJAETbCA Y BUMNAAI NeKuin ana  CcTygeHTiB  pakynbTeTy paaiodisunkuy,
eNeKTPOHIKM Ta KOMN'ITEPHUX cucTem cneuianbHocTi 6.040204. laHUM KypcC NeKu,in
pPO3pPax0OBaHMM Ha OAMH CEMECTP, CKNAAAETbCA 3 ABOX MOAY/NIB Ta 3aKiHYYETbCA
3anikom. Mepwmn mogynb NPUCBAYEHUN MELIMHUM TEXHOOrAM B 061aCTi 3BYKY, a
APYrMn — meainHum TexHonoriam B obnacti Bidyanisauii iHpopmauii. BignosigHo ao
MOAYNiB NOCIOHUK TaKOX PO34ineHMN Ha ABi YaCTUHU. B Ui YacTuHI po3rnsgaroTbea
OCHOBHi NOHATTA Ta NPUHUMNN, NOB’A3aHI 3 0COBNMBOCTAMM CNPUIMHATTA, 06POOKM
Ta BUKOPUCTaAHHA 3acobiB BiATBOPEHHSA 3BYKOBOI iHPpoOpMaLii Nt0ANHOIO.

CborogHi Hemae NoTpebn NOACHIOBATU HACKINIbKU BaXKANMBUMU € iHPOPMAL,iMHI
TexXHosorii B3arani i, 30Kkpema, iXx YaCTMHaA — MeAiNHI TeXHOOrii. 3 KOXHMM AHEem
KiNbKiCTb iHPpopMmauii, AKY NOAMHA OTPUMYE 3 BUKOPMUCTAHHAM UMX TEXHOAOTIN,
NMOCTiIMHO 3pocTae. B 3B’A3KY 3 UMM aKTyanbHMMM € 33aadi onTumisauii Ta
YAOCKOHANIEHHA TEXHO/OriM OTPMMaHHA iHPopmauii 3 MeTor nonerweHHAa i
CNPUNHATTA NHOAMHOK 3 OAHOYACHMM 3abe3neyeHHAM 3aXMCTy 340PO0B’A NHOAUHU
BiA, HeraTuBHMX pakTopiB, NOB’A3aHUX i3 3POCTAHHAM IHTEHCUMBHOCTI Ta 06’emiB sK
KOpUcHOI iHdopMmau,ii, Tak i pisHOMaHITHUX GOHOBUX WyMmiB. Ocob6AMBO L CTOCYETLCA
3BYKOBOI iHdopmauii. OaHaK, po3B’A30K LMX 33434 € HEMOXKANUBUM 6€3 BUBYEHHS
0cob61MBOCTEN NOACBKOrO CAYXY, WO CTOCYHOTbCA CNPUNHATTA 3BYKIB.

MoCiGHMK He cTaBUTb 3@ MeTy HaJaHHA BMYEpPNHOI iHhOopMaLii Npo BCi acnekTu
®YHKLOHYBaHHA C/lYXOBOrO aHasi3aTopa NAMHM YM TOHKOLL TEXHIYHOI peani3auii
npunaais 06pobkm Ta BiATBOPEHHS 3BYKOBUX CUrHaNiB. Ti, XTO LiKaBAATbCA UMMM
MUTAaHHAMM, MOXYTb 33 [A04aTKOBOK iHPOPMALLEID 3BEPHYTUCA A0 Nepeniky
PEKOMEHA0BAHOI HaNpuKiHLI AniTepaTypu. 0ONOBHA MeTa — MOACHUTU CTYAEHTY
NPOCTUMK cnoBamm, 6e3 BUKOPUCTAHHA rPOMi3aKMX GOPMYN Ta CKNALHUX TEOPIN, AK
NpaLloTb Ti MeToAN, AKUMU MU KOPUCTYEMOCA KOXKEH AeHb, KON, HAanpuKaag,
CNYXAaEMO MY3MKY, WO BigTBOPtOETbCA MP3 nporpaBadem, 4n pPO3MOBAEMO MO
MobinbHomy TenedoHy. Kpim, Toro, matepian, 3ibpaHunii B 4aHOMY NOCIOHUKY, MoXKe
CTaTM AO0AATKOBOK OCHOBOK AN NOAANbLIOIN0 BWMBYEHHA TAKUX OUCUUNAIH AK
"TenekomyHikauinHi TexHonorii" Ta "Undposuin 38’a30k". MoCiIBHMK MOXKHA TaKoX
PEKOMEeHAYBATU | IHWMM CTyAeHTam padiodisMyHUX Ta CMOpPiAHEHUX 3 HUMMU
daKyNbTeTIB YHIBEPCUTETIB.



naBa 1. Jlroacbkum cnyx

MosABa nepcoHanbHUX KOMN'OTEPIB Aana 3HAYHUI NOLUTOBX PO3BUTKY MeLiMHUX
TEXHO/OTiM, WO NPU3BENO A0 PEBONOLIMHMX 3MiH B Takux obnactax sk OCBiTa,
HayKa, MUCTeLTBO, KOMMN'IOTEpHI irpu Towo. Pazom 3 npeactaBneHHAM TEKCTOBOI,
rpagiyHoi abo Bigeo iHPopMmauii MeAainHi TeXHONOorii HEMOX/IUBO YysaBUTU 6e3
BUKOPUCTAHHA 3BYKY. CNpUMHATTA NOANHOK 3BYKOBOI iHPOpMaUii € He MeHW
Ba*K/IMBMM MNUTAHHAM, HiXK CNPUMHATTA Bi3yanbHOI iHPpopmauii. Came 3aBAAKK
3BYKaM /1l0AM MOXKYTb CNiNKYyBaTUCA OOMH 3 OAHMM Ta NepenaBaTv NOBILOMAEHHA
WBMAKMM Ta 3py4HMM crnocobom. | xo4ya Tex came MOXKHa pobutm i
BMUKOPMUCTOBYHOYMN NMLLE 30POBE CNPUMHATTA, OA4HAK, 3HUXKEHHA YW BTPATa CAYXYy Yy
NOOUHU NPU3BOAUTb A0 il CYTTEBOTO OOMENKEHHA Y CNPUWHATTI HABKOJIMLIHBLOTO
CBIiTY Ta Big4yBa€ETbCA Tak camo 6onicHO, K BTpaTa 30py. HeobxigHO 3a3HaAUYnUTH, WO
CbOroAHiI 3HUXKEHHA CAyXy 3YCTPIYAETbCA YacTille, HiXK Lue moXe 3aasatuca. Yepes
BCce 6iNbl 3pOCTAlOMi OTOUYHOYI HAC WYMMK, 3HUMKEHHA C/IlyXy CNOCTEPIraeTbCca y Bce
6inbw monogux rpyn HaceneHHA. CyMmHa CTaTUCTMKA OCTaHHIX POKiB 3acBiayye:

e 613bko 500 maH. Ntoaen y CBITi MatOTb NOPYLUEHHA CAYXY;

e y CWA 1/12 yactnuHa HaceneHHs y Biuj 30 pokis Ta 1/8 — y Biui 50 pokis mae
3HUXKEHHA CNYXY;

e 6inbw HiXK 1/3 ycix BMNaAKiIB 3HMMKEHHS CAYXY BUKAMKAHO LUYMOM: rON0CHA
My3MKa, LWYM Ha pobOTi, roNOCHUIN 3BYK Yy Micuax BigMNOYMHKY (OMCKOTEKa,
HiYHWI KNyb);

o Tinbkn y 10% BUNaAKiB 3HUMKEHHSA CAYXYy MOXKE OYyTM YCYHEHO XipypriyHMm
LWAXOM;

e piBeHb wymy y 80 — 90 06 npoTtarom 8 rogMH BBaAXKAETbCA Hebe3neyHum Ans
3p0poB’a. OTXKe pi3Hi BUHaxoauM NOAUHUN, AKMMKU MU KOPUCTYEMOCH Ta fKi 4at0Tb
3BYK 3a piBHeM binbwimnin Hixk 80 06, € NoTeHLUiMHO Hebe3neyHm Npu TPUBaAOMY
BMNAMBI.

Tomy npwu po3pobui TEXHIKK, AKa NOB’A3aHA 3 reHepyBaHHAM 3BYKY, He0obXxigHO
YiTKO YCBIZOMNIOBATU NPUUYMHU, LLLO MOXKYTb NPU3BECTU A0 3HMKEHHA cayxy. Y 1979
pOLi KOHCTPYKTOPM NEepLIOoro NOPTAaTMBHONO KaceTHoro marHitopoHy Walkman
dipmu Sony HaBpA4 YM 3a4yMYBANNCA HAZ TUM, LLLO iX BUHAXig Yyepes3 AeKi/ibKa PoKiB
npu3seae A0 NOABU LiIMX NOKOJiHb NH0AEN, WO BTPATUAM CAyX 3monoay. Hachigkom
LbOro CTasio NPUMHATTA 3aKOHY NP0 0OMeXKEeHHA MaKCMMANbHOIO 3BYKOBOIO TUCKY,
O FeHepyeTbCA B HayWHMKaXx MNOpPTAaTMBHMUX nneepi, o pisHa 100 0b6. [Oeski
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KOMNaHii HaBiTb BOYAOBYIOTb B CBOi MNEEPUM CUCTEMM MPUMYCOBOrO OOMENKEHHS

FYYHOCTI. TUM HEe MeHL, KOPUCTYIOTbCA TAKMMM CUCTEMAMM AANEKO He BCi.

3 uboro BCbOro BWUMIMBAE, WO NHOACLKUA CAYXOBUIM anapaT — Le AOCTATHbO
BPa3/IMBUIN, ane BOAHOYAC i Ay)Ke CKAaAHMW opraH. CnyxoBMM OpraHom MtoAnHa
CNPMMUMAE Ait0 30BHILUHbOIO CepeaoBMLLA, BUPAXKEHY Y BUINAAI 3BYKOBMX KOIMBAHD,
AKI CNpUYKHATL Pi3UYHMIM TUCK Ha BapabaHHy nepeTuHKy. KinbkicTb iHPpopmau,i,
O NOAMHA OTPMMYE 3a A0MNOMOro cayxy cknagae 6ins 10% Big Toi iHpopmauii,
LLLO OTPMMYETBLCA Yepes opraHu 3opy. SlloanHa moxe cnpuiimatn o 300000 pisHUx
BiATIHKIB 3BYKYy Ta wymy B AianasoHi Big 16 go 20000 ry. /ltoacbke Byxo 34aTHe
nigcmanTn 3syK mamxke y 200 pasis. Mpu uboMy NiaAcUNIOIOTLCA TiIbKU cNabKi 3BYKY,
CUNbHI — nocnabntotoTbeA. TaKOXK NOACBKUI CYX Ma€e neBHi 0co6aMBOCTI NoB’A3aHiI 3
HACTYNHUMKN edeKTaMu:
® Ba)KO BM3HAYUTM HANPAMOK 3BYKIB AyXKe BUCOKOI Ta Ay*Ke HU3bKOT YacToTw;
® C/yX OA€E TiNbKU NPUBIN3HUIA HAaNPAMOK 3BYKY (TOYHICTb BU3HAYEHHA HANPSAMKY

CK/1aZla€ AeKinbKa rpaaycis);

e BiAOMTTA 3BYKY Bi, HaBKOAMULWIHIX O6’€EKTIB MOXe 3MiHIOBAaTU CRPUNHATTSA
HaNPAMKY 3BYKY;

e bHaraToKpaTHi A)Kepena O4HOro i TOro K 3BYKY MOXYTb CTBOPHOBATU YSABNEHHS,
LLLO 3BYKM BMXOAATb 3 Pi3HUX HANpAMKIiB, abo NpuxoByBaTU MONOMKEHHA AEAKUX
AXKepen 3ByKy;

® [eKinbKa pPi3HUX 3BYKIiB, WO MAYTb 3 pi3HUX OOKIB, NPW HaKNaAaHHI MOXYTb
A3aBATN CNPUMHATTA 30BCIM iHLIOTO 3BYKY.

Bci ui ocobamBocTi N0ACBKOrO CAyXy, a TaKOXK 3HaHHA Oyao0BM Ta MPUHLMNIB
OYHKLUIOHYBAHHA NOACBKOIO ByXa HA AaHWMM 4ac LWMPOKO BMKOPUCTOBYHOTLCA Y
CY4aCHUX MeAiNnHUX TEXHONOTIAX.

1.1. bByaoBa noAcbLKOro Byxa

Jlloacbke BYXO — uUe opraH cnayxy Ta piBHOBarn. BOHO CKNaga€eTbCA 3 TPbOX
YACTWH: 30BHILIHbOrO, CepeAHbOro Ta BHYTPiWHbOro (puc. 1). IxHi 3narogxenHwni
aHcambnb CNPMMMAE Ta NEPETBOPHOE 3BYKOBI CUTHANM Ha BioeneKkTpUYHi imnynbcu,
WO nepesaroTbCA Yy MO3OK 33 OMOMOrod HEepBOBMX BONOKOH. [0/10BHI YacTUHMU
CNYXOBOro anapaty — cepeiHE BYXO Ta BHYTPIWHE BYXO — pPO3TalLOBaHi y BUrNAALj
MaNeHbKUX MOPOXKHUH Y CKPOHEBIN KiCTL,.
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Puc. 1. bygoBa noacbKoro Byxa: 1 — ByLWIHA PakOBMHA, 2 — CYXOBUMN
npoxig, 3 — 6apabaHHa nepeTUHKa, 4 — NOPOXKHMHA CEPEAHBOIO BYXa,
5 — eBcTaxieBa Tpyba, 6 — MONOTOYOK, 7 — KOBaAN0, 8 — CTPEMIHLE,
9 — oBanbHe BiKHO, 10 — HanNiBKPY)KHi KaHanu, 11 — pasauk, 12 —
CNYXOBUWN HepB

30BHiLLUHE BYXO CKNaAa€eTbCA 3 BYLWHOI pakoBuHM (1) Ta cnyxosoro npoxoay (2).
®PYHKUiOHANIbHO BOHO MPW3HAYEeHO ANA Y/I0B/AOBAHHA Ta (POKYyCyBaHHA 3BYKOBUX
XBUNb (WO NOTPIOHO ANA NOANINWEHHA CAYyXY), @ TAKOX ANA 3aXUCTy CEPEeAHbOro Ta
BHYTPIWHbLOrO BYXa Bi4 MeXaHIYHMX MNOWKOAXKeHb. BywHa paKoBMHA AK pagap
HanpaBAAE 3BYKOBI XBUAI [0 CAYXOBOro npoxoay. Kpim Toro, BOHa Aa€ MOX/IUBICTb
PO3PI3HATU UM HALXOAMTb 3BYK 3 Nepeay, YM 33a4y. BogHo4vac 34aTHICTb PO3PI3HATH
HANPAMOK MOLWMPEHHA 3BYKY AyXKe Mano 3a/eXUTb Bif BYLWHOI PaKOBUHU. Bxe y
CYXOBOMY MNpPOXOAi 3BYK CYTTEBO NiACUNIOETbCA (3@ pPaxXyHOK pPEe30HAHCHMX
BnactmsocTten). LLlo K CTOCyeTbCcA nNepeTBOpPeHHA 3BYKOBMX KO/JIMBAHb MOBITPA B
eNeKTPUYHI iIMNYAbCKU, TO 30BHIWWHE BYXO He MA€E A0 LbOro npouecy XoAHOro
BiAHOLWEHHA.

CnyxoBWIM Npoxif, 3aKPUTUN 3cepeanHN TOHKO mMembpaHot — bapabaHHoO
nepeTnHKoto (3), AKa BilOKpEMNIOE 30BHILLHE BYXO BiZ, MOPOXHUHU CEPEAHbOrO ByXa
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(4) — HeBeNMUKOT Kamepy 06’emom 6ina 1 cm>. BapabaHHa nepeTHKa AyKe TOHKa, i
ToBwMHa Bcboro 0,1 mm. MpoTe BOHA AOCTaTHLO MiuHa AnA Toro, wob BUTpUmMmaTH
HaBiTb Ay)Xe Ty4YyHi 3BYKW, HaNpUKAag 3BYKWM rapmaTHUX noctpinis. HenpaBuibHa
BOPOHKoONoAibHa ¢opma Ta HEPIBHOMiIpHUI HaTar bapabaHHOI nepeTUHKM pobnAaTb
MOXMBUMM Ti CNIBKOIMBAHHA Yy BIiANOBiAb HA Ait0 PiISHOMAHITHUX TOHIB 3BYKOBMUX
xBuAb. ONTMMaNbHOK YMOBOI ANA KONMBaHb HapabaHHOI NnepeTUHKN € O4HAKOBUM
TUCK NOBITPA 3 060x il 6oKiB. Lle 3abe3neyyeTbcs TUM, WO NOPOXHUHA CepeaHbOro
ByXa MOEAHAHA i3 30BHIWHIM cepefoBULLEM Yepe3 HOCOM/IOTKY TOHKMM KaHaiom —
eBcTaxieBoto Tpybot (5). Mpwm KoBTaHHIi abo no3ixaHHi MOBITPA NOTpanAdAe Ao
€BCTaxieBoi Tpybu, a 3BiATM [0 NOPOKHUHM CepenHbOro Byxa, WO [A03BOJAE
NiATPMMYBATU B HiN TUCK PIBHMW 30BHILWHLOMY aTmocdepHOMy TUCKY. MNpu piskin
3MiHi 30BHIlUHBbOrO TUCKY (HanpuKknaa, B NiTaKky) 3’ABNAETbCA BiAYYTTA 3aKIafeHUX
Byx. [MpoTe, BapTO 3p0OUTU AEKiNbKa KOBTKIB — Ta Npob6siema 3HUKAE, OCKiNIbKM TUCK
BMPIBHIOETbCA Yepes eBCTaxieBy Tpyoy.

Y NOpPOXHWHI cepeaHbOro Byxa 3BYK HaraTOKpaTHO NiACUAOETBCA 3a PaXyHOK
CUCTEMM TaK 3BaHWUX CAYXOBUX KiCTOYOK — MosIoTovKka (6), kKosagna (7) Ta
cTpemiHuA (8), AKi oTprMmanm cBOI Ha3BM BiANOBIAHO A0 iX PopMM Ta NPU3HAYEHHA.
Li KicTOYKM npoxogATb Kpisb BCHO MOPOXHUHY. BOHW TpUMalOTbCA Yy BUCAYOMY
NONOXEHHI ABOMa M'A3aMW, AKI HATArYIOTbCA MPWU 3aHAATO TYYHUX 3BYKAxX Ta
nocnabnatotb poboTy KiCTOYOK, 3axuLiaouM CAYyXOBWIM anapaT Big, TpaBmu.
MONOTOYOK BNACHOK PYYKOK MPUKpPINAeHMN Ao ueHTpa H6apabaHHOI NEepPeTUHKHU i
TAaKMM YMHOM 3HAXOAMTbCA Yy MOCTIMHOMY KOHTaKTi 3 Heto. KoBagno 3abesneuye
nepegady pyxis Big, MONOTOYKA A0 CTPeMiHUA. IHTEHCUBHICTb 3BYKY B cepeaHboMy
BYCi niasuuyeTbca B 30 pasiB 3aBAAKM Pi3HMLI MiXK naoweto 6apabaHHOI NnepeTuHKK
(90 Mm%) Ta nAowWwel OcHOBM CTpeMiHuA (3 Mm?). CTPeMiHLE CBOEK OCHOBOI
Kpinutbca A0 TBEpAoi mMembpaHM — OBaNbHOro BiKHa (9) y BepxHiM YacTUHI
NeperopogKku Mixk cepegHim Ta BHYTPILLHIM ByXOM.

3a NepeTUHKOK OBaNbHOrO BiKHA pPO3TallOBaHe BHYTPILWWHE BYXO, B AKOMY
3HaxoAnTbCcsA  NAbipuHT. [O0NOBHUMM YacTMHAMKM  NabipUHTY €  HaNIBKPYXKHI
KaHanu (10) Tta panuk (11). HaniBKpy»XHi KaHanu € opraHOM piBHOBAru, SAKWUi
BM3HAYA€E OPIEHTALID OpraHiamy y npocTopi. 3 TOYKM 30py OYHKLUiT cayxy
HaNBa*KNUBILLMM OPraHOM € paB/UK. PaBaMK — Le cnipasbHMA OpraH, HANOBHEHUN
pignHoto i obnagHaHUI peuenTopamn Ta HEPBOBMMMW 3aKiHYEHHSAMWU. KonmBaHHA
OBA/NIbHOrO BiKHAa NOPOAXKYIOTb XBWUAI B PiAWHI, AKi i CMIPUMMAIOTbCA BiANOBIAHMMM
peuenTopamm CripanbHOro opraHy. Y Al0AUMHW KaHan paBanKa ckaagae 6ins 35 mm



(2,5 obeptn cnipani). AHaToMiA paBAMKA Byxa Ta MexaHi3m ¢YyHKLiOHYBaHHSA
BHYTPILLHbOrO ByXa Ay)Ke CKNaAHi Ta onucaHi y [1, 2]. Baxknnsum € Te, W0 BCepeauHi
paBanka 3Haxoautbca 6ina 20000 yyTAmBMX BONOCMHOK, AKi "migkntodveri" 3a
AONOMOroK0  HepBiB A0 TrON0BHOrO MO3KY. Lli BONOCUMHKM | € 3BYKOBUMM
peuentopamn. Came BOHM CNPUMMAIOTb 3BYKOBIi XBWI Ta NepeTBOPHOOTb iX B
eNeKTPUYHI iMmnynbcn, AKi No cnyxoBomy Hepsy (12) nepepatoTbCcs Yy rONOBHUM
MO30K. BONOCMHKM MatoTb pPi3HY AOBXWUHY. [1pn LbOMY HU3bKi 3BYKW BNIMBAIOTL Ha
[,0Bri BONOCUHKMK, @ BUCOKI — Ha KOPOTKI.

1.2. Po3ni3zHaBaHHA 3BYKIiB

3aranom, CNyxoBuiA aHani3aTop AIOAUHU YYTAMBUI A0 BUCOTU, CUAM Ta Tembpy
3BYKa. B1coTa 3ByKa BM3HAYAETLCA KiNbKICTIO KONMBaHb AXKepena 3ByKy 3a 1 cekyHay
(abo yacTtoToto KonnBaHb). OpraH cnyxy AOANHU YYTAMBUIA A0 3BYKiB B MeXKax Big, 16
Ao 20 TUC. KonnBaHb 3a cekyHAy. Halbinblwa cnyxoBa YyTAMBICTb 3HAXOAUTLCA B
mexax 2000 — 3000 konmBaHb 3a CEKYHAY.

®dizionoriyHo ntoacbke Byxo mae 6amM3bko 20 TUC. pe3oHaTopiB, HaNaLLITOBAHMUX
Ha pPi3Hi YacToTU. AKLLO Yy BXiAHOMY 3BYKOBOMY CUTHAJi BTPMMYIOTbCA KONMBAHHA 3
4yacToTol 6/1M3bKOK0 A0 YaCTOTM HACTPOKBAHHA OAHOrO 3 pPe3oHaTopiB, Ha BMXOA4
3’ABNAETbCA e/IeKTPMYHA Hanpyra NponopuiiHa MNOTYKHOCTI KO/IMBAHHA, AKa MO
HEpPBOBUX BOJIOKHAX HaAXOAMTb Y MO3OK AAA noganblworo aHanisy. lNpu upomy
NoTPibHO 3a3HauyMTW, WO BUBIPKOBICTb CAYyXy € He3HayHow. Cmyra nponycKkaHHA
pe3oHaTopiB CYXOBOro aHani3aTopa 3MiHIOETbCA Bif, 35 M Ha HU3bKMX YacToTax A0
200 Iy Ha BMCOKMX 4YacToTax. BxigHwui curHan 36yarKye He TiIbKM cam pe3oHaTop,
TOYHO HANAWTOBAHWM HA MOro 4YacToTy, ane i [AeKinbKa cycigHix. MpoTe, npwu
noAanblin 06pobui B MO3Ky Le "po3wenneHHa" ycyBaeTbcs. BHacnhigok obmexkeHoi
KINbKOCTi HEPBOBUX 3aKiHYEHb Y PAaBAMUKY, IOANHA PO3PI3HAE Y BCbOMY YAaCTOTHOMY
Aiana3oHi B Kpawomy Bunagky He binbwe 620 rpagauii 4actoTn, Npu UbOMY
npmbaunsHo 140 rpagauii 3HaxoaATbcA B NpoMixKKy Big 0 ao 500 My [3]. KinbKicTb
UMX rpajauii 3aneXxuTb Bifg, iHTEHCUMBHOCTI 3BYKY i 3i 3MEHLEHHAM iHTEHCUBHOCTI
Pi3KO 3MeHWYeTbCcA. HaBiTb HaWKpalw,i My3MKAHTM He MNOMIYaloTb PIi3HULI MiXK
3BYKaMM, YaCTOTU AKMX Bigpi3HAIOTbCA MeHLW HixK Ha 4%. Kpim Toro, ntoacbkui cnyx
MEHLL YYTAMBWUIA A0 HAMHUMKUYMX | HAMBULLMX YacTOT. BBarKaeTbca, WO NepeBarkHa
6inbLicTb Ntoael He BiavyBae YacToTh HuK4Ye 10 My i Buwe 25 Ky.
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OcHOBHY iHPOpMaLil0O NMPO 3BYKOBIi KO/JIMBAHHA MO30K /IIOAMHU OTPUMYE B
obnacTi yactoT A0 4 klMy. Y uboMy Aiana3oHi 3HaX0AATbCA YCi XKUTTEBO HeObXigHi ans
NOOMHK 3BYKK (ronocu ntogen, TBapuH, Wym Boam, NoBiTpa i T.n.). YacTotn Buw,i 3a
4 Kl'y, € ANA NOANHN AONOMIXHUMMK. AKWO NpMbpaTh 3i 3BYKiB YacToTn Ao 4 Kly, 1o
noguvHa  6yae HesgaTHa pos3ibpatM  Ta  po3nisHaTM Ui 3BYyKM (poBedeHo
eKkcnepumeHTanbHo). MPUAHATO BBaA)KaTW, WO HM3bKIi 4acTOTM BiANOBIAAIOTH 3a
p036ipNBICTb Ta 3pO3yMiNicTb ayAio iHpopPMaLlii, @ BUCOKi YacTOTn — 3a CyH’eKTUBHY
AKICTb 3BYKY.

CnyxoBe CAPUMHATTA Yy NHOAMHU 306inblIYETbCA CTPMOKamuM i3 36inblieHHAM
KiNbKOCTi 30yAKeHUX HEPBOBUX KNITUH. TaKi CTPUOKKN 3BYTbCA 10OPO20OM PO3PIi3HEHHS

iHmeHcusHocmi. KinbKicTb UMX CTPUOKIB (rpagauin ryd4HoOCTI) Ha cepegHix YacToTax

He nepesuwye 250 [3]. Ha KpaAax 4acTOTHOro Aiana3oHy BOHA CTPIMKO 3MEHLLYETbCS
i B cepegHboMy cknagae 6ins 150. TakMm YnHoOMm, Mo amnAiTyAi NHOACbKUIA CNYXOBUMN
aHaNi3aTop Ma€ AUCKPETHE CNPUNHATTA 3BYKY.

Micue3HaxoaXeHHA AyKepena 3BYKY BU3HAYAETLCA 33 JOMNOMOro BpaxyBaHHSA
AEKINbKOX CKNAaAHMX | OAHOYACHO TOHKMX 3BYKOBMX MapameTpis. Hanpuknag, 3BYK,
axxepeno fAkoro nepebyBae npaBopyy, [AOCArAaE MNPaBOro ByxXa HA AeEKiNbKa
MinicekyHa, paHiwe, HiX niBoro. Kpim TOro, Tembp Ta Try4HIiCTb 3BYKY, LWO
CNPUMMalOTbCA B NiBOMY BYCi, OyayTb iHWMMMK, OCKiNIbKM 3BYKOBA XBWS OFMHAE
roNoBy i AMwe NOTiM NOTPANAAE Y BiANOBIAHY BYLWIHY PAKOBUHY.

OcobnuBe micue y cnyxoBOMy anapaTi I0AUMHU 3aUMaE 6a3uapHa MembpaHa.

Yci cneundivHi ocobamnBocTi cnyxy nos’A3aHi 3 6ya0BOO Ta MexaHi3mom ii poboTu.
La membpaHa mae A0BXMHY 6inAa 32 Mm i ABNAe cobOK CTPIYKY, AKA NPOXoauTb
BCcepeanHi paBauKa. LLnpmHa Ta TOBLWMHA CTPIYKM HA NOYATKY paB/IMKa MEHLWi 3a
WMPUHY Ta TOBLUMHY HaNpUKiHUi paBavka (y BepxiBui). Byno BcTaHOBNEHO, WO
6asnnapHa membpaHa *KOPCTKila Y OCHOBU paBauMKa, TOOTO Tam, Ae BOHa By»Kye. Y
HanNnPAMKY A0 BepXiBKM 1 YKOPCTKICTb NOCTYNOBO 3MEHLWYETbCA. 3rigHO Teopii
«bBixyyoi xBuni» ¢ismka . bekewwn, ska byna 3anponoHoBaHa y 1951 poui Ta
OTPpUMasa 3arajibHe BM3HAHHA, 3BYKOBi 30ypeHHA, WO Haaxo4ATb Bifg, OBa/NbHOrO
BiKHA, BUKAMKAIOTb HENEpPEepPBHi KONMBAHHA MeMbpaHu i, TaKMM YNHOM, Big, OCHOBM
paB/IMKa 40 NOro BEPXiBKU PeryiapHo CNigytoTb Tak 3BaHi bixKydi xBuAi [1]. OcKinbKu
OPCTKICTb 6a3nnApHOi mMembpaHi Ha WnAxy XBWAI 3HUMKYETbCA, TO LWBUAKICTb
PO3MNOBCIOAMEHHA XBUIb NOCTYNOBO CNAaAa€, a IX AOBXWHA 3MEHLWIYETbCA. 3 L€l XK
NPUYMHKM IX aMnAiTyaa CnoyvyaTKy 36inblUYETbCA, @ MOTIM 33 PaxyHOK 3racaHHAa y
3aNOBHEHMX PIAMHOK KaHanax BHYTPIWHbLOrO ByXa 3MEHLIYETbCA A0 HynA. Takum



YMHOM, BUCOKOYACTOTHI KONIMBAHHA NPOCYBaOTbCA NO 6a3nNApHIN membpaHi nuwe
Ha KOPOTKI BiAcTaHi, a AOBri XBUNi (HM3bKOYACTOTHI) — PO3MOBCIOAKYIOTLCA AANEKO,
aXX [0 BepxXiBKM paB/inKa. MiK TOYKaMW BUHMKHEHHA XBWAI Ta 1I 3aTyXaHHA
3HaxoAMTbCA AiNAHKA, Ae aMmnNiTyaa XBUAi MakcMmanbHa (puc. 2). Lert amnnityaHui
MaKCMMYM 3a/1I€}KUTb Bif, YAaCTOTM: YMM BOHA BULLE, TUM MaKCcUmym b6aukye [0
OBA/NIbHOTO BiKHA; YMM HUXKYe, TUM Aani. B pe3ynbTati amnaityGHOMy MaKCUMymMy
KO)KHOI 4acTOTM B Aiana3oHi YyTHOCTI BignoBigae cneundivyHa ginaHka 6asnnapHoi
MmembpaHu. Lle Ha3MBatoTb YacTOTHOW Aucnepcieto. CEHCOPHI KNITUHU CUAbHIWe 3a
BCe 30yAKyHOTbCA Tam, A€ aMMAiTyAa KO/JMBaHb MAKCMMasibHa, i TOMY TibKK Ui
KNITUHW NepeaaroTb CUTHAAN Y MO3OK.

MaKcmmanbHa
amnaiTyaa xsuni

——_.‘ulll-“

—_——
-
-~

OrunHato4ya xsuni

Hanpamok pyxy xBui

OBasibHe
BiKHO

BepxiBKka
paBanKa

Puc. 2. birKy4ya XBWAA Ta PO3NOAIA YaCTOTHUX MAaKCMMYMIB Ha Ba3nNAPHI membpaHi

TakMm 4mHom, BasmnApHa membpaHa MOXKe BMKOHYBATU YaCTOTHMM aHanis
CKNagHOro 3BYKy, MoAibHO A0 4YacTOTHOro aHanisatopa. B 3ane)kHocTi Big
CNEeKTPaNbHOro CKNaay 3BYKY Ha 6asnnapHii membpaHri 36yaKyHTbCA Pi3HI AiNAHKMN.
EnekTpuyHa aKTUBHICTb 30yaKeHUX KAITUH y UMX AinAHKax byae nosigomaaTu
MO3KY, AKI 4YaCTOTW NPUCYTHI B CNEKTPi CUrHany. Ha ubomy mexaHiami OCHOBaHa TakK
3BaHa «meopia Micysa», fika MOSACHIOE CMPUMHATTA NHOAMHOK BMCOTU MPOCTUX Ta

-10 -



CKNaAHMX 3BYKiB. Kpim TOro, TaKOX Ma€ micue Tak 3BaHa «4acoea meopisa», B OCHOBI
AKOT NEXWUTb aHa/i3 MO3KOM NOANHU GOPMU XBUAI B Pi3HUX YaCTUHAX BA3MNapHOI
membpaHu. [leTanbHile nNpo ue MoXxKHa npountatmny [3].

Y noaanblwlomy eKCNepMMEHTM MOKasa/n, Wo 3B'A30K MiK HEepBOBUMM
KNiTMHamu Ta baunnApHoo membpaHol € Aewo CcKnagHiwmm. 30Kpema, 3MmiHa
amnnityan Bibpauii 6asnnapHoi membpaHu He 3aBXKAM NMPONOPLiMHA 3MiHi piBHA
BXigHOro curHany. Y 1971 poui Pogi nokasas, Wo BeAMYMHa KOAMBaHHA 6asmnapHoi
MembpaHun NPOABNAE NEBHY HENIHINHICTb AK PYHKLiIO Big, iHTEHCMBHOCTI. Mpu Lbomy
HENiHINHICTb Y PaBAMKY € YaCTOTHO-CNeuMdpiyHOK Ta CNOCTEPIraETbCA B MEBHIN
obnacTi yacToT.

HepocTtaTHE po3yMiHHA YCix npouecis, WO BiabyBaeTbCA Y CAYXOBiA cucTeMI
NIOAVHU MOXKe NPU3BOAUTM A0 NEBHUX HEMopo3yMiHb. TaKk we y 1714 poui 6yno
NOMIYEHO Ay)Ke LUiKaBe ABULWLE: KOJIM HA CKPUMUi rOSIOCHO NPOrpatTb ABi HOTW,
MOXHa YiTKO BiAYyTM TpeTi TOH. Lle ABMLLE BUKIMKANO BE/IMKMIN iHTEpec cepeq,
MY3MKaAHTIB Ta BYEHMX. byno BCTaHOBNAEHO, WO Ui GAaHTOMHI TOHM BMHWKAOTb
6e3nocepegHbO B C/AYXOBiM cucTemi. B3arani »k npouec aHanisy 3ByKy BBAXKAETbCH
e He 0 KiHLA BUBYEHUM

KOHTpOsbHI 3anUTaHHA

1. fAke micue 3aMMaE€ 3BYK Y MeAiMHMUX TEXHO/OTiAX?

2. Yomy 3HaHHA ocobnamBoOCTEN NOACBKOrO CAyXy Ta NPUHUMMIB QYHKLiIOHYBAHHA
NIOACLKOTO ByXa € Ba*KNMBUM AN5 PO3BUTKY Ta peanizauii MeainHnX TEXHONOTIN?

3. 3 AKMX OCHOBHMX YAaCTUH CKNAJAETbCA OPraH CAyxy Nt0ANHN?

4. Lo BxoaAnTb A0 CKNagy BHYTPILHbOrO Byxa?

5. flka yacTMHa Byxa CNpUMUMAE Ta NiACUNIOE 3BYKOBI CUTHANN?

6. Lo € onTMManbHO YMOBO AN KOoAnBaHb HapabaHHOI NepeTUHKM BCcepeauHi
Byxa?

7. AKMM YMHOM NtOANHA PO3PI3HAE 3BYKU 3@ IHTEHCUBHICTIO?

8. AKi HAMHWXKYY Ta HAMBULLY YaCTOTU MOXKE YyTU NH0ANHA?

9. B AKOMy gianasoHi YacToT NtoAMHA Ma€ Halbinblly CNyXOBY YYTAMBICTL?

10. AKMUM uymHOm BiAbOYyBa€ETbCA pPO3MNi3HaBaHHA 3BYKIB B CAYXOBOMY aHani3aTopi
NOaNHN?
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naBa 2. CNpUUHATTA 3BYKY NHOANHOKO

BMBYEHHAM CNyxXy Ta CAPUMAHATTAM 3BYKY 3aMMa€TbCA Hayka nig Ha3BOH
Mcuxoakycmuka. Y uin Hayui Ha 6a3i cy6’eKTMBHMX CNOCTeperKeHb BCTaHOB/IOKOTLCS

3aKOHOMIPHOCTI Ta B3aEMO3B’A3KN MiXK 06’EKTUBHUMW XapPaKTEPUCTMKAMM 3BYKYy Ta
BiAYyTTAM WMOro cnpunHATTA. Li B3aemo3B’A3KM Anuwe iHOAI onucytoTbcA 3a
AOMOMOro emnipuyHmx ¢opmyn. Yactiwe BOHM NPeaCcTaBAAKTLCA Yy BUMAAAJ
rpadikis, a iHOAI MalOTb IMLLE ONMCOBUIM XapaKTep, HANpPMKAa4, Ansa Tembpy 3BYKy.

BMBYEHHA NCUXOAKYCTUKM pagdioiHXeHepamu Ta 0cobsimBO cneuianictamm B
061acCTi 3BYKOTEXHIKM HEOobXigHO TOMYy, WO pe3ynbTaTh AOCAIAXeHb B Uil obnacTi
BUKOPUCTOBYHOTBCA B LN HU3Li PO34iNiB 3BYKOTEXHIKM.

B _06/s1acTi_aHa/N0roBoi 3BYKOTEXHIKM pPe3ynbTaTM OTPUMaAHi Yy MCUXOAKYCTULI

A03BONAKTb PO3POONATM perynatopm piBHA TEMOPY, aKYCTUYHI FONiBKM Ta aKyCTUYHI
CUCTEMM, LYMOMPUrHiYyBadi, eKBanamsepm Ta NiACUNOBAYI  MOTYXKHOCTI 3
BPaxyBaHHAM CNYXOBOro CNpUNHATTA. be3s 3HaHb B 065nacTi NCUXOAKYCTUKW,
HanNpMKNa4, HEMOM/IMBO 3PO3YyMiTM, YoMy MU He u4yemo 20%-Bi HeniHinHi
CNOTBOPEHHSA N'YYHOMOBL,B HA HM3bKWUX YacCToTax i, 3 iHWOro 60Ky, YoMy Hac BKpaW
APaTYOTb HeniHinHi cnotBopeHHA anwe y 0,1%, WO BUHUKAOTb Y TPAH3UCTOPHMUX
niacnatoBaYax.

Y undpoBin 3BYKOTEXHILi A0CI icCHYe noTpeba 3HUMKEHHA LWYMY KBAHTYBaHHSA,

AKMMA BMHWKAE MPWU aHANOrOBO-LMPPOBOMY MepeTBOPeHHi. Liei wym apatye cayx
Habarato CW/bHiWE HiXK WYyM aHanoroBoi anapaTypu. |CTOTHE 3HWMMKEHHA Wwymy
KBaHTYBaHHA Npu po3pobui undpoBOoi anapaTtypyn MOXK/IMBE NLE 3 BPaxyBaHHAM
ocob6anBOCTEN NHOACHLKOrO CAYyXY.

Y cuctemax 38’A3KY Ta pPagiOMOB/IEHHA BKpal obmerkeHi MoxamBocTi Bubopy

BiZIbHUX YACTOTHMX Aiana3oHiB, TOMY FOCTPO MNOCTAE 3a4ayvYa 3HUKEHHA WBUAKOCTI
LUMPpPOBMX 3BYKOBUX NOTOKIB 6€3 3HMKEHHA CyD6’EKTUBHOI AKOCTi 3BYy4YaHHA.
B obnacti umdpoBoro 3sByKo3anucy ANA NiABULLEHHA AKOCTI BiATBOPEHHS 3BYKY

noTpibHe 36inblUEHHA YAacTOTM AMCKpeTU3auii Ta ymcna po3paais 6e3 36inbleHHA
PO3MipiB HOCIf i CKOpOYEHHSs Yacy 3anucy. Ana uboro NoTpPibHO 3A4iACHIOBATU CYTTEBE
CTUCHEHHA 3BYKY Ta 3MEHLIEHHA WBUAKOCTI UMdPOBOro noToKy. 3a pesysbTaTamu
AocnigxeHb B 061acTi NCUX0aKycTUKK B6yno po3pobneHo 6arato cucTemM CTUCHEHHA
UMPpPOBMX ayaio AaHMX, WO OCHOBAHI Ha Pi3HUX MOAENAX CNYXOBOr0 CNPUNHATTA:
MASCAM, MUSICAM, ATRAC, ASPEC, AC-3, MP3 Ta iHLi.

-12 -



Po3pobKka cTtepeodoHiYHNX 3BYKOBUX CUCTEM BiabyBaeTbCA Ha 6asi 3HaHb Mpo

6iHaypanbHi ocobamBoCTi cnyxy noauMHU. Taka o0cobauBiCTb CAyXy [03BONAE
cnpuimaTtin 06’eMHe 3By4aHHA 3 JIOKaNi3aLielo AXKepen 3ByKy Y NPOCTOpi.

2.1. CNpUUHATTA 3BYKY 3a 4aCTOTOHO

YacTtoTHa BMOIpPKOBICTb CNYXOBOrO aHani3aTopa NpeacTaBiA€ 3HAYHUMN iHTepec,
OCKi/NIbKM Bif, LUbOro NnapameTpa 3as1eKaTb BUMOTU A0 eNEeKTPOAKYCTUYHOI anapaTypu.
Ona  KiNbKiCHOI OUIHKM UbOro napameTpa BBOAATb MNOHATTA BUCOTU  3BYKY.
MONUBICTb BM3HAUYEHHA BUCOTWU 3BYKY € HAMBAXK/AMUBILIOK BAACTUBICTIO CAYXOBOi
CUCTEMU NIOAMHU. BOHA mMa€e Benmke 3HauyeHHA gnAa igeHTudiKauii Ta Knacudikauii
3BYKiB B OTOUYHOUOMY CepeaoBuLLi.

Y BignosigHocTi 3 mixHapoaHum ctaHgaptom ANSI-994 (American National
Standards Institute) sucoma 38yKy — ue ampubym cnyxoeoeo crnpuliHamms 6

mepmiHax, 8 AKUX 38YKU MOXHA po3mawysamu 30 WKAA0K 8i0 HU3bKUX 00
BUCOKUX. [ly)Ke 4acTo BMCOTY 3BYKY OTOTOXHIOWOTb 3 MOro u4acrortot. | ue
34e6inblIOro Ma€e CeHC, TOMY L0 BMCOTA 3BYKY 3a/1€KUTb FOJIOBHMM YMHOM Big, MOro
yacTtoTu. poTte, NOTPibHO NMam’ATaTh, WO Ue He ogHe i Te came, TOMYy LLO OKpim
4aCTOTW, BMCOTA 3BYKY TAKOX 3aN€XWUTb Bifg, 3BYKOBOro TUCKY Ta Big, dopmu xBuni,
X04a i y MeHWin mipi.

Taknm 4YMHOM, BUCOTa 3BYKY 3a43a€ NiHIMHY Knacndikauia 3ByKOBUX CUTHaNIB, Ha
BiAMIiHY Bif, r'y4HOCTI, AKa MA€E NnLLIE BiAHOCHY Knacudikauito — binblue 4n meHuue.

Mepw 3a Bce HeobxigHO BiAMITUTM, LLO CAYXOBA CUCTEMA 34aTHA PO3PI3HATU
BMCOTY 3BYKY AnWe ANA NepiognyHUX CUrHaniB. AKWO ue CKNagHWiM 3BYK, TO MOro
BMCOTY CNYXOBA CUCTEMA BM3HAYAE NO OCHOBHOMY TOHY, ane TiNbKWU AKLLO BiH MaE€
nepioanYHy CTPYKTYpYy, TOBTO MOro CMNeKTp CKNAAAETbCA 3 TFAPMOHIK. AKWOo uA
BMMOra He BMKOHYETbCA, TO BU3HAYUTU BUCOTY TOHY C/NyXOBa CMCTEeMa He 34aTHa.
Hanpuknag, onnecku, noctpinv abo 3BYyKM TaKMX iIHCTPYMEHTIB AK TAPi/IKW, TOHIX Ta
iH. H& MalOTb NEeBHOI BUCOTMW.

BucoTa 3BYKY BMMIPIOETbCA Y CneuiafbHUX OAUMHUUAX — mesnaax (Big, aHrA.
melody — menopais). OaHa TUCAYa Men AOPIBHIOE BUCOTI 3BYKY 3 YactoToto 1 kly, wo
BiAYYBAETLCA NPU PiBHI iHTEHCKMBHOCTI 3BYKY Y 40 0b. Ha wKani y menax ogHaKoBa
3MiHa YacTOTW BiANOBIAAE OAHAKOBIMN 3MiHi BigYyTTA BMCOTU TOHY. LLIKana y Mepuax
TaKol BNACTUBOCTI He Ma€. Tak 3miHa 4YactoT Biag 0 My ao 1000 Ny ta Bia 1000 My po
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2000 My cnpuimaloTbCA AK  HepiBHi. Y [AaHWMM 4YaCc Ha OCHOBIi TIPYHTOBHMX
eKCnepuMeHTIB, Y Npoueci AKUX cayxayesi NPONOHYBaAoCA pO3TallyBaTh 32 BUCOTOO
ABa 3BYKW Pi3HOI YacTOTW, BCTAHOB/IEHA eMMipUYHA 3aNeXHiCTb BUCOTU TOHY CUTHaNy
BiA MOro yactotn F, AKa NoKasaHa Ha PUCYHKY 3.

\ Bucota ToHy, menu

[

3000 -

2000 -

1000 A

| i } ! 1 1 L [

20 40 100 200 400 1000 2000 4000 10000 20000 F, Iy

Puc. 3. 3aneXKHicTb BUCOTU 3BYKY Bif, MOro 4YacToTH

AK BMAHO 3 rpadika, 3B’A30K BMCOTM 3BYKY 3 4YACTOTOK € HeniHinHum. [Mpwu
36inblieHHi yactotn, Hanpuknag, BTpudi (Big 1000 mo 3000 ly) BucoTa TOHY
3miHtoeTbea nmwe Bagivi (Big 1000 go 2000 men). HeniHinHa 3aneHicTb 0cobamMBO
BMPAXKeHA Ha HU3bKUX Ta BUCOKUX YacToTax. BcepegmHi Aiana3oHy 4acToT, AKi
BiAYYBAE NOANHA, 3MiHA BUCOTM TOHY NponopuiHa norapudmy Yactotu. na uporo
Aiana3oHy BiANOBiAHO iCHYE eMmnipuyHa popmyna, WO NOB’A3YE BUCOTY TOHY 3 MOro
yactoToto [4]:

F [T'u]
m [Mena] = 1127,01048 - logqo | 1 +W :

YyTAmBiCTb A0 BWMCOTM TOHY MNOB’A3aHA He TiIbKM 3 4AcTOTOK, a TaKOX 3
IHTEHCUBHICTIO 3BYKY Ta WOro TpuMBaAicTio. fAK NOKasanuM [OCNigXKeHHA, i3
36iNblIEHHAM IHTEHCUMBHOCTI 3BYKY ly4YHi HM3bKi 3BYKM 34al0TbCA LE HUXYMMU, a
BMCOKi 3BYKM 34al0TbCA TPOXMU BUWMMWU. TinbkM ana cepegHix 4actot (1 — 2 ky)
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BNAMB IHTEHCUBHOCTI € HENOMITHMM. BapTo 3a3HaUMTK, WO UA 3a/EXKHICTb AyXKe
He3Ha4Ha i ANA CKNAaAHUX MY3UYHUX TOHIB MaM»Ke HEMOMITHa.

3 TEXHIYHOI TOYKM 30pYy TAaKOXK HEODXiAHO BiAMITUTU, LLLO BEIMKA TOYHICTb CAYXY
33 YaCTOTOK BMCYBAE A0BOANI XOPCTKI BUMOIM 0 TOYHOCTI XO4Y CTPIYKONPOTAXKHUX
MeXaHi3MiB MarHiTOPOHiIB, a TaKOX A0 TOYHOCTI LWBMAKOCTI Ta CTabiNbHOCTI
obepTaHHA ANCKIB NPU 3aNKUCy 3BYKY.

2.2. KputnyHi cmyru cnyxy

Mpn CNPUUHATTI 3BYKY CNYXOBUW anapaTt JOAUHU PO3AINAE MOr0 Ha YaCTOTHI
rpynu, WO HAa3MBAKTbCA KPUMUYHUMU cmy2amu. KpnTuyHa cmyra — ue miHimasbHa

CMyra 4acToT, fika 30yArKye OoA4HY i Ty camy 4YacTuHy 6asmnsapHoi membpaHu. Lis
0COBNMBICTb CAYXy € OAHIED 3 HaMBa*KAMBIWKMX Moro ocobamsocteirr. [MoHATTA
YaCTOTHA rpyna Ta KPUTUYHA CMyra CAyXy € TOTOXXHMMW. B gianasoHi Big 20 go
16000 My KinbKicTb KPUTUYHUX CMYT AopiBHIOE 24. LLUnpMHa uux cmyr 3mMiHIOETbCA
BiL HU3bKMX A0 BMCOKMX 4YaCTOT HeperyiapHUm 4YMHOM. padik 3MiHM LWMPUHMK
KpUTUYHOI cmyru AF, Bif, cepefiHboi YacToTu 3BYKY Fi., NOKa3aHMii Ha pUCYHKY 4.

AFKp Ty

8000 ‘
4000 /
2000

1000

500 /

250 /

125

| Frep

63
100 125 250 500 y 1 2 4 8 16 Iy

Puc. 4. padik 3an1eXHOCTi WUMPUHU KPUTUYHOI CMYTU CAYXY
BiA, 1l cepeaHbOI 4YacTOTH
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CraHgaptom MPEG BCTaHOBANEHI HUMKHI MeXi KpuTnyHmux cmyr cayxy: 20, 100,
200, 300, 400, 510, 630, 770, 920, 1080, 1270, 1480, 1720, 2000, 2320, 2700,
3150, 3700, 4440, 5300, 5400, 7700, 9500, 12000, 16000 ry.

KpuUTU4YHi cmyrmn cnyxy He 3ane)kaTtb Bif piBHA iIHTEHCUMBHOCTI 3BYKY. B obnacTi
A0 500 My WupMHaA YaCTOTHUX CMYr MaWKe He 3aleXUTb Big cepeaHboi 4acToTu
3BYKY i AopiBHOE npmnbansHo 100 My, B obnacTti Biwe 500 Ny BoHa 36inblIyeTbCA
nponopuinHo cepeaHin 4vactoti (puc. 3). Mpu uUbOMYy AOTPUMYETbCA BiAHOCHA
NOCTIMHICTb LWMPUHUN CMYTU Al‘pr/l‘TCep = const. WLnpuHa KPUTUYHOI CMyrn npum

LbOMY BM3HAYAETLCA PIBHICTIO
AFg, = 0,2 .

B merKax YaCTOTHUX CMYT CNyX iHTerpye 36yarKeHHA no 4acToTi Ta He PO3pi3HSE
TOHKOI CTPYKTYypu 36yarkeHHA. Ha 6a3i uboro npu cybcmyroBomy KoayBaHHi 3BYKY B
MeXaxX KOXHOI YaCTOTHOI CMYryM AO0CTaTHbO MNepesasaTv Anwe O4HY MAKCUMabHY
CKNafoBy CNeKTPY. 3 TIEl K NPUYNHU CNYX pearye He Ha 3arasibHy NOTYXHICTb 3BYKY, a
Ha NOTY}KHICTb 3BYKY B KPUTUYHMUX CMYyTrax. TaKMM YUHOM, NpU Aii LUMPOKOCMYroBOro
3BYKY C/AyX HiBM NepeTBOPIOE CYLIIbHUMA CNEKTP Yy AMCKPETHUW. TaKui ChekTp
CKNA[a€ETbCA 3 KIiHUEBOI KiNIbKOCTI CKNAfoBUX MO KiIBKOCTI KPUTUYHUX CMYT
CNyxoBOro anaparty. Lle He 03Hayae, WO ABa TOHU, AKI NOTPANUAN B OAHY KPUTUYHY
CMYry He MOMKHa PO3PI3HUTM Ha cayx. NpocTo CnyxoBi BIiAYYTTA Big LMX TOHIB B
MeXKax ogHiei cmyrn byayTb Ayxke 6am3bkmmn. B3sarani, wob noguHa morna
BMNEBHEHO BiApPi3HNUTU OAMH TOH Bif, iHWOrO, Ui TOHM NOBWUHHI 306yAXKyBaTU AiNAHKK
6asnnapHoi membpaHu, AKi 3HaX0A4ATbCA Ha BiACTaHi He MeHLW HixK 52 mkm [3], wo
BiANOBIga€E pi3HMUi Yy BUCOTI 3BYKY npubausHo 3,9 men. [AinaHkm 6asnnapHoi
MemMbpaHu, WO BIiANOBIAAIOTb KPUTUYHMM CMyram, MatoTb MNPUOBAU3HO piBHY
AOBXUHY (6ins 1,2 Mm Ha cmyry). BignoBigHo Ha po3ni3HaBaHHS BMCOKOYACTOTHUX
CUrHanNiB Ha membpaHi BiABeAeHO MeHLe MicudA, HiX Ha pPO3ni3HaBaHHA HU3bKUX,
OCKiNIbKM Ha HU3bKUX YacToTax AOBXMHA XBUAI € DiNbLIOKO HiXK Ha BMCOKUX. 3Biacu
BUMNJINBAE Pi3HMUA Yy PO3A4iNbHIAN 30aTHOCTI NHOACBKOTO CAYXYy ANA XBWAb Pi3HOI
4YaCTOTU: HA HU3bKMX YAaCTOTax IOAMHA Kpalle PO3Mni3HAE 3BYKU, HiXK HA BUCOKMX.

AKWO WKWPUHA CMNEeKTPY BY3bKOCMYrOoBOro 3BYKY € MEHLWOK Bif, WUPUHNK
BiANOBIAHOI KPUTUYHOI CMYTM C/IyXy, TO PiBEHb FYYHOCTI B L{i CMYy3i BU3HAYAETbLCA
Ninle 3arasibHOK eHeprielo 3BYKY i 30BCIM He 3aneXKUTb Bif, XapakTepy po3noginy
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IHTEHCMBHOCTI B cMy3i. BoHa moxke byTn po3nogineHa piBHOMipHO abo 3ocepekeHa
B YaCTMHI cmyrn, abo 6yTn y BUrNALi O4HOTO TOHY.

KpUTUYHi cmyrn cnyxy BMABWMANOCA 3PYYHO BUKOPUCTOBYBATU AK OAUHULLO
cy6’eKTUBHOI BMCOTM TOHY. [nA 3py4yHOCTI pOBOTM 3 KPUTUYHMMM CMYyramu BBEU
cneuianbHy OAUHULLIO BUMIPY, AKY Ha3Baan 6apk. Lia ncuxodisnyHa ogmMHULA BUCOTH
3ByKy Oyna 3anponoHoBaHa Ebepxapaom LiBikepom y 1961 poui. Po3paxysaTtu
BMCOTY 3BYKy y OapKax uyepes 4acToTy TOHY MOMKHa 3a L0MOMOroK emMnipu4Hoi
dopmynn, wo byna 3anponoHosBaHa LiBikepom [5]:

Z [Bapk] = 13 - arctg (@) + 3,5 arctg <<F [Fu]>2>.

1000 7500

Ha paHuM 4Yac y NCMXO0aKyCTUYHUX MOAENAX CAYXYy 3aMiCTb YaCTOTHWMX LUKan
BMKOPUCTOBYIOTbCA LUKAZM BUCOTU TOHY 3BYKY Yy Oapkax. Ti K cami wWKanm
BMKOPUCTOBYIOTbCA MPU PO3pPaxyHKax KoedilieHTIB MacKyBaHHA. LLUKanu 6Hapkis Ta
MenNiB Mamke cnisnagatoTb. HeBennyki po3bixKHOCTI cnocTepiratoTbca Anwe B 061acTi
cepefHix YyacTtoT. Ha pucyHKy 5 HaBegeHur rpadik nepeBoay YacTOTHOI LWKaM BUCOTH
TOHY B OKTaBax B LUKajsy BMCOTM TOHY B bapKax. o oci abcunc BigknageHa BMcoTa
TOHY B OKTaBHIW LWKaNi 4acToT, a N0 OCi OpAMHAT — BUCOTa TOHY Z B bapKax.

Z , bapk
24

20 | .

16 /

12 | ]

0 4._—-//// ‘ ‘
31 63 125 250 5007y 1 2 4 8 16 kly

Puc. 5. 'padik nepeBoay BUCOTU TOHY 3 OKTABHOI WKa/In
4acToT B LKAy BUCOTU TOHY B BapKax
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2.3. MNopir Big4yTTA 3BYKY Ta 6051bOBMU Nopir

Ona Toro, wob6 3ByK 6yB noyytuii, HeobxiaHO, WO6 amnaiTyaa KoAMBaHb
BOJIOKHA OCHOBHOI MemMbpaHW CyXOBOro aHani3aTtopa AguMHU HByna A0CTAaTHLbOK
ANA NOoApa3sHEHHA HepBOBOrO 3aKiHYEHHA, AKe BiApa3y X MNOYHe HaacuMaaTH
eNeKTPUYHI iIMNYNbCU A0 CIYXOBOrO LLEeHTPY MO3KY.

EkcnepvmeHTanbHO H6yno BM3HAYeHO, WO ANA 3abe3neyvyeHHA BiavyTTA 3BYKY 3
yactototo 1 KMy y NOBHIM TMWI amMnAiTyga TUCKY 3BYKY Nobsm3y NHOACBKOro ByXa
noBuMHHa gocaratm savwe 2,84-1075 H/mM?, wo cknagae nvwe 2-10710 gig
aTMocdepHOro TUCKY. IHTEHCUBHICTb BigMNOBIAHOI NNOCKOT XBUAI B MOBITPI NpU LbOMY
cknapgae 10712 Bm/m”. LlikaBo BigMIiTUTK, WO MNpU LUbOMY aMNAiTy4a 3MilleHHA
YaCTMHOK MOBITPA € MEHLIO HiX AecATa A0nA pagiyca monekynu. lNpu uybomy
BEMUYMHA BUNALKOBUX PAYKTyaulild cmam TUCKY Ha 6apabaHHy nepeTuHKy, LWo
NnoB’A3aHa 3 TENN0BMM MOJIEKYNAPHUM pyxom, auwe y 5 — 10 pasiB meHwe cuam
TUCKY 3BYKY, AKMIA NOMITHUIM Y NOBHIM TULLI.

BenuyuHa 38yK0B8020 MUCKY, AKa nedse rMomMimHa HA CAyx npu giocymHocmi
YCIAKUX [HWUX 3080Xa04YUX WYMi8 ma 38YKie, HA3UBAEMbLCA [10PO2080K0
8e/U4UHOI0 38YK0B020 MUCcKY abo, CKOpoYeHOo, Nopo2omM YymHocmi. MNopir YyTHOCTI

AOCNIAHWUKM Hamaranmcs BUM3HAYUTU HeoAHOopPa30BO. byno BUABNEHO, WO Yy Pi3HUX
Noaen uen nopir moxke cyTTeBO BigpidHATMCcA. Lli BigMiHHOCTI matloTb BMMNaAKoBUM
XapakTep Ana rpynn oci6 oAHaKOBOro BiKy, WO MatoTb HOPMa/JibHUA 340P0BUM
CNYXOBUW OpraH.

Taki cTtatucTmuHi gocnigxkeHHs nposoaunucs y CLUA (1938-1939 pp.), AHrnii
(1956-1957 pp.) Ta CPCP (1958 p.). B pe3ynbTaTi Ha OCHOBI MiXXHapoAHOI yroam siK
CTaHAAPT NPUMHATA KPMBA 3aJIEXKHOCTI MOPOry YyTHOCTI Big 4acTOTM AN YUCTOro
CUMHYCOIAANbHOrO 3BYKY, WO HaBeAeHa Ha PUCYHKY 6 [3]. OAna BM3HAYeHHA Ui€i
3aN1€eXHOCTi 3anyyanuca ocobu y Biui Big 18 ao 23 pokiB 3 cBiAOMO 340p0OBUMM
opraHamu Cayxy.

AK BMOHO 3 PUCYHKY, MOPIr YyTHOCTI CU/AbHO 3anexuTb Big 4YacToTu. padik
3a/1€KHOCTI  MIHIMAanbHOro NOPOry YyTHOCTI Bi4, 4YacTOTM OTPMMAB  HasBy
abcoaromrul _nopie yymHocmi. Llen rpadik mMae AinAHKY HaMBULLOI YyTAMBOCTI B

obnacTi yacToT Big, 2 A0 4 Ky, Ae 3BYKM NOMIYaOTbCA NPU 3BYKOBOMY TMUCKY HaBiTb
mMeHWwomy 3a 2-107° [Ta. Y TOW e Yac Ha HUKHIX Ta BEPXHiX 3BYKOBMX YacToTax
Mopir YyTHOCTI iCTOTHO 36inblWyeTbCA. Ane, AK 6 MK He 36inbllyBaNN IHTEHCUBHICTb
3BYKY Ha uvactoTax Buuwe 20 k/y, BigyyTTa 3BYKY HE BWMHMKAE, OCKIIbKN 3BYKM 3
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yacTtoToto 6inbwoto 3a 20 KMy nNeXkaTb 32 MeXXaMM YaCcTOT YyTHUX 3BYKIB BinbLIOCTI
nogen. Tak camo BigbyBa€eTbCA i 3i 3ByKaMM 3 4acTOTOK HUXK4Yot 3a 16 — 20 y.
Yactotn HuK4e 16 [y HasuBaloTb iH@pazsykosumu, a 4Yactotn Buwe 20 KMy —

Vaempa3eyKosumu.
P, I1a
200 — -
B e BonboBMit nopir -
20 N
s )
g 5 L — R ™
" -1 / l\-—iL
210 S My3ukKa S
NN
2102 \ Mosga
3 B \
210 B \ T\ i {
2107 S~ | I ) /
= L ABCONOTHMIA Nopir N
210™ i _
[ o EEE RN N L1 1 L1 ' Fy
20 31 63 125 250 S00T T | 2 4 8 16 k'l

Puc. 6. 3aneKHOCTi nopory YyTHOCTI BiZ YacTOTU ANA YUCTOrO
CUHYCOIAANbHOIO 3BYKY

Mpn NnnaBHOMY 36iNblUEHHI IHTEHCUBHOCTI 3BYKY BMLLE 338 MOPOroBe 3HAaYeHHS,
AK BXe Oy/0 3a3HaAYeHO paHilwe, C/NyXoBe BigYyTTA HAPOCTA€E CTPUOKAMMU, AKi
0Cc06/MBO MOMITHI Ha HU3bKMX 4YacTtoTax. Mpu noaanbwomy 36inblIEHHI piBHA
IHTEHCUMBHOCTi 3BYKY MOMITHICTb UMX CTPUOKIB 3MeHLWYeTbCA. MpU AOCATHEHHI piBHA
iHTEHCWBHOCTI 6ina 1 Bm/mM* BUHUKaE BiAuyTTA 60110. TOMY BEPXHIO MEXKY YYTHOCTI
Ha3Bann 601608uUM NOpPo2oM. 36inblueHHA PiBHA iIHTEHCMBHOCTI BULLE LLbOro Nopory

MOX€e MPU3BECTM A0 MOPYLIEHHA CAYXY, KOHTY3ii i T. N. TAKUM YMHOM, AMUHAMIYHUN
Aiana3oH 3a piBHEM 3BYKa Big, NOpory YyTHOCTI A0 60/1b0BOro nopory cknagae 6ins
120 0b. OTKe, AK 6auMmo, AianasoH ry4HOCTI CNPUMHATTA 3BYKIB € AyXKEe BEIUKUM.
ONA NopiBHAHHA HAa PUCYHKY 6 TaKOXK HaBeAeHi TMNOBI Aiana3oHU 3BYKOBOrO TUCKY,
XapaKTepHi AN 3BYKiB, WO NepenatoTb My3UKy Ta 3BMYaHY NH0ACbKY MOBY.
MoTpibHO TaKOXK 3a3HAYMTH, L0 BYXO 34aTHE NEPEHOCUTU KOPOTKOYACHI CyTTEBI
niaBULWEHHS TYYHOCTI 3BYKY (HaBiTb 3a meXxi 60nboBoro nopory) 6e3 Hacnigkis.
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MpoTe, AOBroTpMBase CNPUAHATTA FYYHMX 3BYKIB (FY4YHICTb AKMX HaBiTb He A0OCArae
60/1b0BOr0 MOPOry) MOXKe BUKANKATM BTPATY CNYXY.

2.4. OndepeHUinHUA NOpir CAPUMNHATTA iIHTEHCUBHOCTI 3BYKY

AndepeHUinHnIA nopir YyTHOCTI 3BYKY NO iIHTEHCUMBHOCTI BWM3HAYa€E Pi3HULSA
IHTEHCMBHOCTI ABOX 3BYKIB OZAHIET i TIET XK YAaCTOTH, WO PO3PI3ZHAETLCA Ha cayX. lpoTe,
CUNa 3BYKY, WO BUParKeHa y BUTNAAI 3BYKOBOro TUCKY abo MOTOKY 3BYKOBOI eHeprii,
He € MIpol BenMYMHKU BiguyTTA abo CyH’€EKTMBHOI CUAM 3BYKY, AKY MNPUMAHATO
Ha3MBaTU BIAYYTTAM 'Y4YHOCTI.

OUiHWUTK TYYHiCTb, AK Mipy CyO’€EKTMBHOI CMAN 3BYKY, [OQE MOMK/IMBICTb
ncuxodisMyHMN 3aKOH, BCTaHOBAEeHWI Bebepom y 1846 poui, AKMIM NoNArae y Tomy,
WO BIOHOWEHHA MIHIMAAbHO CrpUUHAMO20 npupocmy O0esaKo20 cmumyny 00
1oYamkKoB0i lio2o 8esnUYUHU € NOCMIlHUM.

AKLWLO NO3HaAYUTM cUNy 3BYKY (3BYKOBOro ctumyny) yepes /, To 3aKoH Bebepa
MOKHa 3anncaTu y HacTynHin popmi:

ﬂ = const, (1)

Ae AJ — npupicT iHTEHCMBHOCTI, AKMA NOTPIOHO HaZaTW 3BYKY 3 iIHTEHCMBHICTIO J, W06
CTana MOMITHOK Pi3HMUA B Ty4yHOCTi Mi 3ByKamu | Ta J + AJ. Bennuuna AJ/]
cknagae npumbnamsHo 10%. HeobxigHo nigkpecnuty, WO Ue CNiBBIAHOLWEHHS
noB’A3aHO 3 BNACTMBOCTAMM HEPBOBOI CMCTEMMW i CNOCTEPIraeTbCA He nuwe npwu
3BYKOBWUX MOAPA3HEHHAX, ane i Npu 30poBuUX, AOTUKOBMX Ta iH. Came TOMy BOHO
HOCWUTb Ha3BY 3ara/ibHOro $i3ioN0riYHOro 3aKOHY.

HacTynHM KpoK B po3BUTKY Teopii Bebepa 6yB 3pobneHunn y 1860 poui
dexHepom, fAKMIM 3acTocyBaB A0 cniBBigHoWweHHA (1) maTemaTuyHy 06pPO6KYy.
dexHep NpUIAHAB, WO NpUpIcT A/ € HeCcKiHYeHHO Manol BennmunHow dJ, a npasy
YaCTUHY BU3HAYMB SIK NPOMNOPLiAHY HECKIHYEHHO Manomy npupocty BiguyTTa dE (B
AAHOMY BMMNAAKY BiAYyTTA ry4HOCTi). BUMWAO HacTynHe cniBBiAHOLWEHHS:

dj
A— = dE, 2
i (2)
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Ae A — peska AoBiNbHa CTana, WO 3a1eXnTb Big BMOOPY OAMHULD BigYyTTA.
3akoH Bebepa y Burnsagi (2) € npoctum AndbEpeHUiMHUM PIBHAHHAM, AKe
MOXHa npoiHTerpysaTu. licna iHTerpyBaHHs (2) oTpumaemo:
E=A-InJ+C, (3)

Ae C — cTana iHTerpyBaHHA.
Beaxatoun, wo Ha noposi uytHocti E = 0, a | = J;, MOXXHa BMU3HauYUTU CTany
IHTEerpyBaHHA AK

C=—A-Inj, (4)

Topai 3BiAcKM OTPUMAEMO BifOMUIN NOrapuPMiYHUIN 3aKOH, AKUIA HOCUTb HA3BY 30KOHY
Bebepa-®exHepa, 3rigHo AKoro BiayyTTs E nponopuiliHo norapudmy noapasHeHHA:

E=A-1ni=2,3AlgL (5)

Jo Jo

BennunHa A BM3Hayae macwTab BiavyTTa i TOMy MOXe 6yTm obpaHa AO0BINbHO.
Hanpwuknag, ymoBHO moxHa npuinHATK 2,34 = 10. Toai oTpMmaemo:

E = 101g£. (6)
Jo
®opmyna (6) BM3Hauyae BennuMHy B OB, AKY Ha3MBalOTb PiBHEM BiaYyTTA.
3acTocyBaHHA WKanu 06 3py4HO TOMY, L0 NPW OLLIHLi BEIMYMHM CTIYXOBOrO BiAYYTTA
MiHiManbHO BigYyTHI NPUPOCTM MatoTb BennunHy nopaaky 0,5 06b.
BHacnigok norapudmivyHOro 3akKoHy CAPUMHATTA Ta LWMPOKOro AianasoHy
IHTEHCMBHOCTI YYTHMX 3BYKiB A1 00’EKTUBHOI OLIHKWM BBEAEHO MNOHATTA pPieHA

iHMmeHcusHocmi

I
N; = 101g—~ (7)
0
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32 HynbOBUI piBEHb AOMOBUAUCL NMPUMMATU IHTEHCUBHICTb [;, 6aM3bKY A0
NOpPOroBoi iHTEHCMBHOCTI ANA HOPManbHOro cayxy Ha uacroti 1000 /y. Usa
iIHTEHCUBHICTb, AIK BXKe 6YN10 3a3HaueHo paHile, npubansHo aopisHioe 10~12 Bm/m>.

OCKiNbKM 3BYKOBMM TUCK Ta IHTEHCUBHICTb 3BYKY NOB’A3aHi Mix coboto
KBA4PaTUYHOIO 3a/IEXKHICTIO, pieeHb 38YKOB020 MUCKY AOPIBHIOE:

P
Np = 201g—, (8)
0

Ae Py — 3BYKOBUM TUCK Ha HYNbOBOMY PiBHi, AKMW [OPIBHIOE 2-107° Ma, wo
BiANOBIAAE CTAaHAAPTHOMY MOPOry YYTHOCTI NOACbKOro Byxa Ha uvactoti 1000 ry.
AKwWwo niacrtasuth Le y (8), TO OTpMMaEMO:

Np = 201gP + 94 05. (9)

BusHaueHui 3 (8) um (9) piBeHb TUCKY B Ob Byae maTu TaKe K YUNCNOBE 3HAYEHHSA, AK i
piBEHb IHTEHCMBHOCTI 3BYKY, WO BW3HA4YeHUW 3 (7), TINbKM ANA UYUCTOTO TOHY
1000 Iy, ocKinbKkK Npu LbOMY 3Ha4YeHHA [, cniBNaga€e 3 NOPOrom YyTHOCTI Ha YaCTOTi
1000 ry.

3 dopmyn (7) Ta (8) BMXOAUTb, LWLO KOMKHA [ABOKPATHAa 3MiHA iHTEHCUMBHOCTI
BiANOBiAAE 3MiHi piBHA Ha 3 06, a KOXHa ABOKPATHAa 3MiHa 3BYKOBOIO TWUCKY
NpPMBOAMTb A0 3MiHM MOro PiBHSA Ha 6 0b.

Mpu oaHouYacHiM Aii AgBox abo bGinbwe Axkepen 3BYKY pe3y/bTyloUMN PiBEHb
IHTEHCMBHOCTI He MoXe OyTM BM3HAYEeHWI MNPOCTUM A0A3BAHHAM iX Qi3nyHMX
XapaKTepUCTMK. PiBHi IHTEHCMBHOCTI 4M 3BYKOBOrO TMCKY CKNQAHOrO 3BYKY
3HAaX04ATbCA LWIAXOM BM3HAYEHHA Norapudmy Big Cymu iHTEHCMBHOCTEW UM TUCKIB
BCiX JA)epen 3BYKY. Hanpuknag, AnA iHTEHCMBHOCTI CKAQAHOMO 3BYKY, LWO
CKNIAQJAETbCA 3 T A)Kepes, 3araibHUM piBEHb IHTEHCMBHOCTI BWM3HAYaTMMETbCA
HACTYNHUM YUHOM:

n

L+L+L+...+]1

N, = 10lg= 22 - 101gz 1001Nn (10)
0 k=1

Ae Nj, — piBeHb iHTEHCUBHOCTI 3BYKY Bif k-ro pxepena.
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2.5. Moporn 4yTHOCTiI PN MacKyBaHHi

Mpn ogHoyacHin  Aaii

Ha CNyX [ABOX 3BYKIB OAMH 3 HUX MOXE He

NPOC/YXOBYBATMUCb Ha POHi iHWOro. Llen epeKT Ha3NBAETLCA MACKYBAHHAM.

MackyBanbHa 4ifa pisHMX 3BYKiB BUABNAETLCA LWIAXOM BU3HAYEHHA NiABULLEHHA
nopory YyTHOCTI A0CANIAXKYBaHUX TOHIB Npy BigHOCHO piBHA abcontoTHOro nopory
4yTHOCTI Npy. KoediuieHT mackyBaHHA K); po3paxoByeTbca B 06, AK Pi3HMUA LMX

ABOX PIBHIB:

Ky = Niy — Nany -

MacKkyBaHHA YUCTUM TOHOM

Ha pucyHKy 7 HaBefeHi KpUBIi MAacKyBaHHA TOHY B MeBHOMY Aiana3oHi 4acTor,
KON 3BYKOM, LLO 3aBa)Ka€, € TOM CaMUW TOH, ane 3 (iKCOBAHOK 4YaCTOTOH
Fyy = 1Kkl npu  pisHUX piBHAX 3BYKOBOro TUCKY Ny.
BM3HAYAETbCA NOPIr YYTHOCTI HA KOHKPETHUX 4YacTOTax TOHY, LLO MACKYETbCA, Ta

PO3PaxOBYETHLCA KOediLliEHT MaCKyBaHHS.

100

80

Ocob6MBOCTi MaCKyBaHHA YMCTUM TOHOM MOXHa CPOPMYNOBATU HACTYMHUM

YNHOM:

Nny, 0b Fy Ny, 0b
Ll AN A
N\ i
Lo S /N y
S Y/ N :
[ \\M\L "Namy
)
N NN L1l J-OI Fr
20 31 63 125 250 500Tm 1 2 4 8  16xm

Puc. 7. KpmBi nopory 4yTHOCTi TOHY 3 4acToTOlO Fr Npy MacKyBaHHi
TOHOM 3 yactoToto Fy; = 1 kly 1a piBHem Ny
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1) MacKyBaHHA BMCOKe, Konn Yyactotn Fp ta Fy € 6n3bkumun. Yum gani no 4acroTi
BOHMW PO3TaALLIOBaHI OAWH Big O4HOrO, TUM MEHLLOKO € BE/IMYMHA MACKYBaHHA.

2) BenuuuHa macKyBaHHA 36inblIYETbCA MO Mipi 3pOCTAHHA PiBHA TOHY Ny, WO
3aBa’Kae.

3) KpwuBi MacKyBaHHA CYyTTEBO HECMMETPUYHI NO LWKasi 4acToT. Y HUX pisKiluni cnag,
y BiK HU3bKMX YaCTOT i NNaBHe cnagaHHA y BiKk BUCOKMX YacTOT. TOMYy MaCKyBaHHA
CUNbHILWe NPOoABAAETbCA B 061aCTi BUCOKMX YACTOT.

4) 3cyB 3BYKy, WO MacCKy€E, NO 4acCTOTi NpM3BOAUTL 4O 3MiHM GOpPMM KpPUBOI
MACKYBaHHA.

AKWo yvacTtoTa TOHy Fr AOpPIBHIOE NOABINHINA, NOTPINHIA Ta BULLE YACTOTi TOHY

Fy, WO 3aBa)ka€, TO Yy LMPOKOMY Aiana3oHi YyTHOCTIi BMHWKAOTb OUTTA, AKi

NPOABAAIOTbCA Yy BUMAAAI NPoOBaniB Ha rpadikax KpuBMX MacKyBaHHA. Li 6utta

BUHWKAOTb Yepe3 HEeNiHIMHICTb CAyXy i € TUM NOMITHIWI, Yum BinblMm € piBeHb

TOHY, L0 3aBaXKaE.

AKLLO MACKyBaHHA 34iMCHIOETLCA Bigpasy AeKinbkoma ToHamu (cniB3By4ysam),

TO KpMBa NOPOry YyTHOCTI B YCbOMY YaCTOTHOMY Aiana3oHi CNiB3BYYYA NeXUTb BULLe

33 abCcoNtOTHUIM nopir YyTHOCTI. B UubOMy BMNAAKy KpWBI MOPOry YyTHOCTI MatoTb

6e3niy MmakcMmMmymiB i 30H 6uUTTA. MpPKU Manin ry4HOCTi BUCOKMI TOH A0b6pe YyTHWUI

OAHOYACHO 3 HM3bKMM TOHOM. [1pU BMCOKIM TY4YHOCTI BMCOKiI YaCTOTU MOXKYTb

NMOBHICTIO MAaCKyBaTUCA HU3bKUMM.

MacKyBaHHA BY3bKOCMYroBMM LLYMOM
MpY MacKyBaHHI TOHY 3 4acTOTO Fp BY3bKOCMYroBMM LUYMOM 3 LLEHTPA/IbHOO
yactoToto Fy i piBHEM iHTeHcmBHOCTI Ny (Pyc. 8) KpuBi MacKyBaHHA NPUBAN3HO TaKi
X, AK NPU MACKYBAHHI YUCTUM TOHOM 3 AeAKUMMU BiAMIHHOCTAMM:
1) Hemae 6uTtTa | NpoBany KoeodilieHTa MacKyBaHHS Ha cepeaHi 4acToTi 3BYKY, LWLO
3aBa’kae.
2) MaKkcMMym MackyBaHHA Ha 4 ABb HWMKUYMM 33 MAKCMMYM PiBHA iHTE@HCUBHOCTI
LWYMY, O MaCKYE.
OnAa ToHanbHMX 3BYKiB BULLEe 1 KUY MacKytoya Ais Wymy 3HauYHa, ToAi fIK 4acToTH
Ha OKTaBY HMXKYe 3a 4acToTy Fy NMPaKTMYHO He MacKyroTbcA. Llen dakt € pyxke
BA*KNMBUM, OCKI/IbKM MpU AUCKpeTU3auii 4acTo BUHMKAKOTb CMOTBOPEHHA HUXKYe
CNEKTPYy OCHOBHOrO TOHY, fAIKi HE MacCKylTbCcA. Hanpuknag, Ha 4acTtoTi ToHy 9 Kly
5-Ta rapmoHika NOMMUIOK KBaHTYBaHHA 3 4acToTol Auckpetusauii 44 Kly
YTBOPIOKOTb MAapa3mTHY CKNAA0BY B 3BYKOBOMY CMNeKTpi 3 yactoTtoto 1 K/y.
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padikKn Ha pUCYHKY 8 [03BONAIOTbL PO3pPaxyBaTU [OMNYCTMME BigHOLIEHHS
CUTHAN-WYM KBaHTYBAaHHA 3 BpPaXyBaHHAM MacCKyBaHHA. Piy y Tomy, W0 TOHaNbHUN
CUTHaAN Ta BY3bKOCMYTOBWMM LUYM MACKYylOTb HE JiNWE TOHW, ane i WMPOKOCMYrOBI
WYMM KBAHTYBaHHA 3 PIBHOMIPHOKO CNEKTPasbHOK FyCTUHO. TaK AnA 3BYKiB Ha
yactoTi 1 KMy, WO MacKylTb, 3 BE/IMKMM PiBHEM iHTEHCMBHOCTI, Hanpuknaa, 100 056,
HMXXHA TpaHMUA 4YacToTHOi ob6nacti, Ae BigbOyBaeETbCA MACKYBAaHHA  LUYMIB
KBaHTYBaHHA, gopiBHioe npnbansHo 500 My. Ha wuiit yactoTi mopir YyTHOCTI npwu
MacKyBaHHi Ha 20 A5 BuLLLe 3a NOPIr YYTHOCTI y TUWI (Le BUAHO 3 rpadika Ha puc. 8).
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Puc. 8. KpuBi nopory 4yTHOCTi TOHY 3 4acTOTOK Fp NpY MacKyBaHHI By3bKo-
CMYTOBUM LLUYMOM 3 cepeaHboto YactoToto Fyy = 1 kly T1a pisHem Ny, a
TaKOX 3 cepeaHboto YactoToto Fyy = 125 My ta pisHem 60 06

MacKyBaHHA WYyMYy KBAaHTYBaHHA TOHA/JIbHUMW 3BYKAaMM Ta BY3bKOCMYroBMMMU
WYMaMM MAE OyXKe BenuKe 3HAYEHHA NMPU KoAyBaHHI Ta nepepadvi 3BYKY, OCKi/IbKK
nepenaBaTv CKAALOBI CNEKTPY, WO MACKYHTbCA, HeNOTPibHO. Lle A03BONAE CYTTEBO
CKOPOTUTN HEeobXiAHY KinbKicTb po3psaais i, BiANOBIAHO, HAANMLIKOBICTL Y 3BYLi Ta
LWBMAKOCTI UMPPOBMX NOTOKIB.

3CyB YACTOTKM 3BYKY, LLLO MACKYE, NPUBOAUTbL 4,0 3CYBY KPMBOT MACKyBaHHA NO OCi
yacToT (puc. 8). Y obnacti Buwe 1 KMy KpnBa MacKkyBaHHA 3MiHIOETbCA Mano. Ha
yactoTax Huxkde 1KIML UA KpMBaA BUAO3MIHIOETbCA A0CUTb CUAbHO. OcobamBO
BaXX/IMBO, W0 BOHA PO3LINPIOETLCA B 061aCTb HU3bKMX YACTOT.
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2.6. PiBeHb ry4yHoCTi Ta ry4HicTb

PiBeHb ryyHocrTi

3BYKOBUIM TUCK Ta iHTEHCMBHICTb TOHANbHOrO 3BYKY, AKi MOXHAa BUMIPATU
npunagamm, He AAOTb YABAEHHA NPO BigYyTTA ryqyHOCTi. MidXK TUM, NtOgMHA MOXKe
AOCUTb TOYHO BCTAHOBWUTU PIBHICTb NYYHOCTi ABOX 3BYKiB OyAb-AKOro CNeKTpaabHOro
cknagy. Us Bnactusictb cnyxy 6yna BMKOPUCTAHA ANA BBEAEHHA MOHATTA PiBHA
FY4HOCTi, WO A03BONAE BWU3HAYUTU TYYHICTb OAHOrO 3BYKY BIAHOCHO IHLIOrO,
NPUNHATOrO SIK ONOPHUMN.

3a O4AMHMLIO PiBHA Ty4yHOCTI Byna NpPUMHATA BE/IMYMHA PiBHA IHTEHCUMBHOCTI
4yncTtoro TOHy 3 vactotoro 1 KMy. OguMHUUA piBHA TYYHOCTI HA3MBAETbCA YOHOM.
KinbKicHO piBeHb ry4HOCTi B GOHAX AOPIBHIOE PiBHI iIHTEHCMBHOCTI 3BYKY B Ab Ha
yactoTi 1 Kly.

BM3HaueHHA piBHA r'y4HOCTi TOHIB iHLWMX YaCTOT BUKOHYETbCA MO rpadiky KPpMBUX
O/ZIHAKOBOroO piBHA ryyHocrTi. Lli rpadikm HasmBaroTbea izogpoHamu (pwc. 9).
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Puc. 9. Kpusi ogHaKoBOro piBHA ry4HOCTI

KoXHa KpuBa OTpUMaHa WAAXOM Cy6’€KTMBHOrO MOPIBHAHHA TYYHOCTI
CMHYCOiAaNbHOro 3BYKY A0BI/IbHOI YaCTOTU 3 F'YYHICTIO 3BYKY 3 YacToToto 1 K/y. AKwWo
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3BYK 3 u4actototo 100 Iy mae piBeHb 50 06, a 04HaAKOBO TYYHUN 3 HUM 3BYK 3
yactoToto 1 KMy mae piseHb 40 06, TO piBeHb ry4yHOCTI 3BYKY 3 4dactoToto 100 My
AopiBHIOE 40 ¢oH.

I30doHM Bnepwe bynn otpumari y 1933 poui Ta onybnikoBaHi B [6]. Mi3Hiwe y
poboTi [7] 6ynn npeacTaBneHi TOYHILWI BUMIPIOBAHHA, AKi NAr1XM B OCHOBY CTaHAAPTY
ISO 226 [8] y 1986 poui. Y 2003 poui ctaHgaapT ISO 226 6yB OHOB/AEHUN 3
BPaXyBaHHAM JaHMX, AKi Oyan OTpMMaHi B pe3ynbTaTi BUMipHOBaHb NPW NPOBeAEHHi
12-T HOBUX MIXKHAPOAHUX AOCNIOKEHD.

[OnA ycix i30pOH xapaKTepHe HEBENNKe 3HMKEeHHA B obnacTi yactoT 3 — 4 Ky i
PIBHOMIPHWI picT Npu MNOHWMMKeHHI YactotM Hukdye 500 My. BennumHa pocTty Ha
Pi3HMX piBHAX HEOAHaKoBa. [pn NiaBULLEHHI PiBHA i30POHU BUNPAMAAKOTBLCA i iX PiCT
CTAa€E MeHLW KpyTUM. Lle 3HauuTb, WO YAaCTOTHA XAPAKTEPUCTUKA CAYXY MPU BEIMKUX
PiBHAX 3BYKOBOIO TUCKY € HiNlblL PiBHOMIPHOO HiXK NpY MasnXx.

Mpn Mmanux piBHAX Try4yHOCTi ¢dopma i30p0OH HABAMKAETBCA A0 KPUBOI
abcoNTHOro NOpPOory ry4HoCTi, AKUI BiANOBIAAE PiBHIO ry4HOCTI 3 PpoHa.

Llo6 oTpMmaTu yABAEHHA NPO PiBEHb TY4YHOCTI 3BYKiB, 3 AKMMM Ham
A0BOAUTBCA MNOBCAKAEHHO CTUKATUCA, PO3MNAHEMO JAeKinbKa npuknagis. yvHa
po3moBa Ha BiacTtaHi 1 meTp Bignosigae piBH0O rydHocTi 65 — 70 ¢poH, piBeHb
FYYHOCTi Yy BaroHi meTpo nig 4Yac pyxy popiBHtioe 85 — 90 ¢poH, piBeHb ry4HOCTI
3BMYanMHoOi poamoBn — 55— 60 ¢oH, piBeHb Try4yHOCTi y uMTaNbHOMY 3ani
6ioniotekn — 25 — 30 ¢poH.

3 KpMBMX OZ4HAKOBOrO PiBHA NYYHOCTI BUN/NBAE, WO 36eperKeHHA NPUPOAHOro
3BY4YaHHA, AKe BIiANOBIAAE YMOBAM 3aMuUCy 3BYKY, MOX/MBE TIIbKM NPU YMOBI
BIATBOPEHHA 3anMMCy 3 TMM CaMWMM PIBHEM TY4YHOCTI, NPW AKOMY UEN 3anuc
34iMCcHIOBaBCA.  |Hakwe  nopywyloTbCA  CNiBBIAHOWEHHA  MiXK  YAaCTOTHUMM
cknagosumun. [lpn BeNUMKUX piBHAX BiATBOpeHHA BiabyBaeTbcA Cyb'eKTUBHE
NOCUNEHHA HU3bKOYACTOTHUX CKNAZ0BUX. [Py Manunx piBHAX BUHMKAE ix Cy6'eKTMBHE
NpUrHiyeHHs. [ns 36eperkeHHA Tembpy He3anexHo Big piBHA B pagioTexHiui
3aCTOCOBYIOTb KOMMEHCOBaHi perynatopu nigCcuAeHHA, B AKUX NPU 3MeHLUeHHi
NiACUNEHHA 34iACHIOETLCA NiANOM YAaCTOTHOI XapaKTePUCTMKM B 061aCTi HU3bKUX Ta
BMCOKMX YacToT. Llei npniom Ha3MBaAETbCA MOHKOMIMEHCAUIELD.

ly4yHicTb
[y4HiCMIO HA3MBAETbCA CYO’EKTUBHE BigvyTTA, AKE A03BO/IAE CAYXOBiA CUCTEMI
PO3TallyBaTM 3BYKU 3a LWKANOK Big TUXMX [0 TYYHUX 3BYKIiB. [YUYHICTb 3BYKY
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nos’si3aHa nepLu 3a BCe 3i 3BYyKOBUM TUCKOM. 3a3BMYail, Yum binblue 3BYKOBUI TUCK,
TUM TY4YHilWe 3BYYMUTb aAKYCTMYHA cucTema. [lpoTe, ue He 3aBXKAW TaK. [y4HicTb
3a/71€XKUTb TAaKOX BiA, YACTOTM, CNEKTPANbHOrO CKNagy, TPMBANOCTI 3BYKY Ta MOro
NloKanisauii y npocropi.

HeobxigHicTb BBeAEHHA MOHATTA F'YYHOCTi NOB’A3aHa 3 TMM, WO HA NpPaKTUU
4acCTo LiKaBUTb HE PiBEHb NYYHOCTi, BUPAXKEHUN Y GOHAX, A BE/IMYMHA, AKA NOKA3YE Y
CKIZIbKM pasiB AaHWUI 3BYK My4YHiwe 3a iHWKNA. TaKoXK LiKaBMM € NUTAHHA MpPO Te, AK
A003a10TbCA NYYHOCTI ABOX Pi3HUX TOHIB. Hanpuknaa, AKWO € ABa TOHU Pi3HUX YacTOT
3 piBHem ry4yHocTi 70 ¢oH, TO Uue He 03Ha4aE€, WO CyMapHUIA piBeHb ry4yHoCTi byae
popisHoBaTn 140 ¢hoH.

ONnA OUIHKM TY4HOCTI NPUMHATA cheuianbHa OAMHWUUA, AKA HA3MBAETbCA COH.
l'y4HicTb 1 COH — e ry4HicTb TOHANbHOTO 3BYKY 3 YyacToToto 1 Kk/y 3 piBHem 40 06.

3aneXHiCcTb NY4YHOCTI Bifg, PiBHA 3BYKOBOrO TUCKY € CYTTEBO HENiHIMHO, Yy Hel
norapudmiyHmin xapaktep. Mpu 36inblieHHI piBHA TUCKY 3BYKY Ha 1006 Woro
Fy4HicTb 3poctae y 2 pasu. Lle o3Havae, wo piBHAM rydHocTi 40, 50 ta 60 ¢oH
BignoBigatoTb ryyHocTi 1, 2 1a 4 coHu.

Po3rnaHemo, AK MOXHa poO3paxyBaTW piBEHb TYYHOCTI CKAAAHOroO 3BYKY 3
ANCKPETHUM creKTpom. Lle no3Bonse 3pobutu rpadik rydHocTi Q TOHaNbHOTO 3BYKY
B 3a/1€)KHOCTI Big, Moro piBHA ryyHocTi G (puc. 10).
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Puc. 10. 'padik 3aneXHOCTi ry4HOCTi TOHA/IbHOTO 3BYKY BiA, MOro PiBHA ry4HOCTI
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Hanpwuknaa, Hexan y Hac € Tpu ToHM: 100, 500 ta 3500 Iy 3 piBHAMMK 3BYKOBOrO
TUCKY BignosigHo 84, 77 ta 71 0b. MoTpibHO BU3HAYUTU PiBEHb NYYHOCTI CKIALHOTO
3BYKY. 10 KpMBWMX OAHAKOBOro PiBHA Fy4yHOCTi (AMB. puc. 9) BM3HAYAEMO piBEHb
r'YYHOCTI KOXKHOT CKNagoBoi. BCi BOHM NOTpannaloTb HAa O4HY KpUBY, TOMY Y BCiX 04uH
piBeHb ry4yHocti — 80 ¢poH. Mo HaBegeHOMy Ha pUcyHKY 10 rpadiky BM3HA4YaEMO
FY4HicTb KOXHOi. BoHa Bignosigae 21,5 con. CymapHa ryyHictb byae aopiBHoBaTH
BiANoBiAHO cymi ycix cknapoBux — 64,5 coH. Mo ubomy K rpadiky 3HaxoAUMO
3ara/ibHWI piBeHb r'y4HOCTI, AKWIM cKnagatume 93 ghoHa.

MpuBeaeHu Ha puc. 10 rpadik rydyHocTi S ans pisHiB rydyHocTi G Buwe 40 ¢oH
Aob6pe anpoKkcuMmyeTbca Gopmynoto

Q = 2(G=40)/10 o G > 40 ghoH. (11)

ONnAa MeHWMX 3Ha4yeHb PIiBHIB TYYHOCTI MOXHA CKOpUCTaTUCA (POPMY/IOH
CriBeHca ana yactotn 1 kly Ta popmynoto (9):

Q(1kT) = 42 P%6 = 4,2.100036-182 0oy G < 40 ¢hoH. (12)

o6 yaBUTM Ty4yHIiCTb 3BYKiB, 3 AKMMW MU MOCTINHO CTUKAEMOCA Y KWUTTI,
po3rnasHemo Tabanuto 1 piBHIB ry4HOCTi Ta rNy4HiCTb HAMTMMNOBILLNX 3BYKIB.

Tabnuua 1. CepeaHiin piBeHb TNYYHOCTI Ta TYYHICTb AEAKUX 3BYKIB Ta LWYMIB, LWO
HaW4YacTile TPpanaaTbCA.

[xepeno wymy Ta micue Moro BUMiptoBaHHSA Pisenb Fyuwicts,
ry4yHocTi, ¢oH COH

1. ABiaUiiHMX MOTOp Ha BiacTaHi 5m 116 -120 346 - 556
2. l'Yy4HUIN aBTOMODINbHUI CUTHAAN HA BiACTaHI 8 m 95-100 57 -88
3. EnekTponoTAr Ha ecTakaAi Ha BiACTaHi 6 m 90 38
4. llym y noTa3i meTpo nig, vac pyxy 85-90 25-38
5. TpamBai Ha BiacTaHi 10— 20 m 80-85 17,1-25
6. BaHTakiBKa y MicTi Ha BiaCTaHi 5—20 m 60-75 4,35-11,4
7. NerkoBuit aBTomobinb y MicTi Ha BiacTaHi 5—20 m 50-65 2,2-5,87
8. CBMCTOK MiniuioHepa Ha BiacTaHi 20 m 70 7,95
9. Tuxa Bynnua (6e3 pyxy TpaHcnopTty) 30-35 0,36 -0,62
10. TuwwnHa y cagy 20 0,097
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Mpomucnosi wymm

1. Ypapn monoTa no cTani Ha BiACTaHi 2 —4 m 110-113 215-288
2. 3aranbHUI WYM Yy TKaLbKOMY LLEXY 96 - 100 62 — 88
3. lepeBoobpobHa pabpuka 96 —98 62-74

TeaTpu, WKOAWU, NiKapHi
1. CMPOHIYHMM OpKecTp 80-100 17,1-88
2. AnnoanuCcMeHTH 60-75 44-11,4
3. 3anu1 B WKoOax nig yvac nepepsun 55-62 3,1-4,7
4. bibnioTekun 25-30 0,2-0,36
5. NlikapHi 20-30 0,1-0,36
6. 'y4Ha po3moBa Ha BiACTaHI 1 m 65-70 5,87 -17,95
7. 3BMYaMHa PO3MOBA Ha BiACTaHi 1 m 55-60 3,08 —4,35
8. lWeniT cepeaHbOI ry4HOCTI HA BiACTaHI 1 m 20 0,1

2.7. ApanTaudis cnyxy

Mpwn aii Ha 6apabaHHy NepeTUHKY ByXa AOCTaTHbO TPWUBANIOFO 3BYKY BENMKOI
IHTEHCUMBHOCTI TYYHICTb, WO CMPUMMAETLCA, NOCTYNOBO 3MEHLYETLCA. Lle 03Hauae,
WO nig Yac Aji TPMBANOro ry4Horo 3ByKy Naga€ YyTAMBICTb Byxa. [licna npunuHeHHA
Al 3BYKY YYTAMBICTb C/AyXy MNOCTYNOBO BiAHOBAETbCA. Le Asuwe Ha3uBaloTb
aganTtayieto cnyxy. PakTMYHO aganTtauia cnyxy — ue 34aTHICTb Cayxy niacsigomo
NPUCTOCOBYBATUCA A0 CNPUMHATTA 3BYKiB Pi3HOI TMYYHOCTi. AKWO HWXKHIA nopir
aganTauii cayxy NPakTUYHO € HEOOMEXKEHMM, TO BEPXHIM NMOPOromM € 3BYKOBUMN TUCK
Ha piBHi 140-150 06, nepeBULLEHHA AKOTO MOXKEe BUKIUKATM Yy CAYXOBOMY anapari
HEe3BOPOTHI 3MiHK, aXK A0 YAaCTKOBOI YM MOBHOI FNYXOTW.

Asuwe aganTauii cnyxy NOACHIOETLCA pUCyHKamm 11 Ta 12. Ha umx pucyHKax ak
NpUKNag npmueeaeHa Aia 3ByKy Yy BUrMAALI iMNYNbCiB TPUBANICTIO NO 2 XBUIUHWU Ha
4yyTAuBicTb cnyxy. Mpu piBHi 3BykoBoro Tucky 94 06 (puc. 11, a) BigbysBaeTbcs
NNaBHE NOHWMMKEHHSA PiBHA NYYHOCTI, WO cnpuinmaeTbea, 3 94 ao 85 ¢goH (puc. 11, 6).
LLIBMAKiCTb NagiHHA piBHA ry4yHocTi 3a Yacom Big 0 go 40 cekyHA BMCOKA, NOTiM BOHaA
3MEHLWYETbCA MalKe A0 Hyna. [Mpu noganbwomy cTpubrkonogibHomy 3poCTaHHI
3BYKOBOIO TMUCKY Ha 6 06 (puc. 11, a) piBeHb ry4HOCTi cCnoYaTKy 3pocTaEe Ha 9 ¢hoH, a
noTiM 3HOB MOYMHaE 3meHLWyBaTuca (puc. 11, 6). MpoTe, 3MeHLEHHSA PiBHA 'YYHOCTI
B LbOMY BMMNaAKy NOMITHO meHwwe 3 94 no 88 ¢oH. Lle o3Hauae, wo mipa agantauii
TMM BULLE, YAM FOJIOCHILLE 3BYK, L0 NOAPA3HIOE.
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Puc. 11. 'padikm aganTauii cnyxy ntogmHm npum 36inbleHHi 3BYKOBOIO TUCKY Ha 6 06
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Ha pucyHky 12 noKasaHa 3MiHa COPUIAMAHOrO PiBHA TYYHOCTI NpU
cTpmbronoaibHOMy 3MeHLeHHI 3ByKOBOTO TUCKY 3 94 no 88 056. MNpu ubomy cTpnboK
3MEHLUEHHA PiBHA ry4yHOCTi cknagae mamke 20 ¢oH. MoTim BigbyBaeTbCcA aganTauin
CNYXy OO0 TUWI i YYT/IMBICTb ByXa YaCTKOBO BiAHOBETbCA, @ CNPUNHATUN piBEHb
rYYHOCTI Yepe3 2 XBU/IMHW 3pocTaE Ha 12 ¢oH.

Jocnig)KeHHs MOKa3yloTb, WO aganTauivHi npouecu, WO BiabysatoTbca y
C/IyXOBOMY aHaNi3aTopi NOAMHU, MALOTb LEeHTpanisoBaHy npupoay. Npo ue cigunTb
3HUXKEHHA CNyXYy He TiZIbKM B TOMY BYCi, AKe NiAJA€ETbCA 3BYKOBOMY NOAPA3HEHHIO,
ane ny iHWomy BYCi.

3aranom 34aTHICTb 40 aganTauie € MNO3UTUBHOK BAACTUBICTIO C/YXOBOrO
anapaTa, OCKI/IbKM MONINWyeTbCA MNPUAOM CcnabKmMx 3BYKiB Ta C/AYXOBMIM OpraH
3aXMLLAETLCA BiA, NepeBaHTa)KeHb 3aHAATO CUIbHMMWU 3BYKaMMU. 3aXMCHA 34aTHICTb
ByXa BOJIOAJE iHEpPUiED — Uen MexaHi3m noymHae npauytoBatm yeped 30 — 40 mc
nicnAa no4yaTKy 3BYKY. [MOBHWUIM 3axUCT CAyXy BiA, Aii BUCOKMX PIiBHIB 3BYKYy He
nocAraeTbea HagiTb 3a 150 mc. Tomy ana cnyxy Hanbinblw HebesneyHUMU € AyKe
KOPOTKI M'y4YHi 3BYKMW.

MpoTe, iHEPUiMHICTL aAanTaLlii MOXKe BifirpaBaT i HEraTMBHY PoO/ib. TaK MNpwu
nepeaadi ronocoBux NOBIJOMNEHb B KaHanamm 3B’A3KY, AKLLO iIHTEHCUBHICTb 3BYKY B
KaHani byae pi3Ko 3MiHIOBATUCb, TO AEAKi YaCTUHWU MOBIAOMNEHHS MOXYTb ByTu
HEe3PO3YMIIMMN YN HENPABUABHO IHTEPNPEeTOBaHUMMU.

2.8. HYacoBi xapakTepucTmku cnyxy
CnyxoBui anapaT € iHEePUiMHMM, TOMY NPU 3HUKHEHHI 3BYKY CNyXOBe BiguyTTA

3HUKAE He Bigpa3y, a NOCTYNOBO 3MEHLUIYETbCA A0 HynA. Yac, 3a AKUIM BiAYyTTA NoO
PiBHIO NYYHOCTI 3MeHLWYeTbCA Ha 9 — 10 ¢poH, Ha3MBaeTbCA cmasaor Yacy cayxy. Y

cepeaHboMy BoHa gopisHtoe 30 — 50 mc.
[0 4acoBUX XapPaKTEPUCTUK CAYXYy BiAHOCUTLCA 4YOC B8CMAHOB/EHHA 8ucomu

MoHy 38yKy. Ona TOro, wob cnyx mir HabAMMKEHO OULiHMUTM BUCOTY TOHY 3BYKY
noTpibHO WoOHaMmeHwe 2 — 3 nepiogn KoAMBaHb. Ha HM3bKMX YacToTax uac
BCTaHOBAeHHs cknaaae 6ins 30 mc. Ha BUCOKMX YacToTax Ler Yac Aelo MEeHLUNA.
AKWO A0 cayxada NpuxogAaTb ABa KOPOTKI 3BYKOBI iMNynAbCKM, OAHAKOBI NO
CK/laAy i piBHIO, ane OAMH 3 HUX 3aNi3HIOETbCA, TO BOHU CIPUAMATUMYTbCA 3/IUTO,
KONM 3anisHeHHA He nepesuuye 50 mc. Mpu BenuKMx iHTepBanax 3ani3HEHHSN
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obunaBa imnynbcK cNpUMMatoTbCa oKpemo. Lle sBuLLe HAa3UBAETLCA 8i0s1YHHAM, BOHO
NPOABNAETLCA, KON Pi3HMLA XO4Y NPAMOro Ta BiadbuToro 3sykis binbwe 18 m.

AKWO piBeHb 3BYKY, LLO 3aMNi3HIOETbCA, HAbaraTo MeHLwe piBHA NepLoro, To BiH
He byae NPUUHATUI OKPEMO, HaBiTb AKLWO 4ac 3anisHeHHA Ginbwe 50 mc. Ue
0bymoBneHO ePpeKTOM MACKYBaHHA — BiAYYTTA Bif4, NepLIOro 3ByKY MACKYE APYrui.
TakMm YMHOM, 40 YaCOBUX XapaKTEPUCTUK CAYXY BiAHOCUTLCA TaKe ABULLE AK Yacose
MACKYBAHHA.

[0 uboro KoediuieHT MaCcKyBaHHA BM3HAYaBCA NMLLE Y NPUNYLLEHHI, WO 3BYKH,
AKI MACKYIOTb, Ta 3BYKMU, AKI MACKYIOTbCA, MPUCYTHI ogHo4YacHO. poTe, yepes AsuLLe
aganTauii cnyxy BUHMKAOTb CUTyauii, KON AOCUTb FYYHi 3BYKM MACKYHOTb, PpobaaThb
NPAaKTUYHO HEYYTHUMMW, 3BYKM, WO CAigyloTb 33 HUMU. B peAkux Bunagkax
MACKYIOTbCA TAaKOXK 1 MonepeaHi 3ByKMu.

TakMin BUA MaCKyBaHHA, KOMM 3BYKM He MEPEKPMBAIOTLCA Y Yaci i HA3MBAETLCA
YacosUM _ MACKY8aHHAM. BiH  po3ainAetbcA  Ha  1epedMAcKy8aHHA  Ta

nicnamackyeaHHs. MNicnamackyBaHHA NPOABAAETbCA Ha iHTepBani yacy 100 — 200 mc

nicnAa 3akiHYeHHA 3BYKY, WO MAcKye. NepegmacKkyBaHHA NPOABAAETbCA HA 3HAYHO

KOPOTLUMX YacoBMX iHTepBaiax — 6am3bko 10 mc. TpuBanictb nepeamacKyBaHHA B

3HaYHIN Mipi 3an1eXUTb Big, 0COBAMBOCTEN CYXY KOHKPETHUX NtoAaei. 3 Liel NpUYMHU

MEXaHi3MM YACOBOr0 MaCKyBaHHA Npu UMPPOBOMY KOAYBAHHI 3BYKY [OOKM He

BUKOPUCTOBYHIOTLCA.

OcHOBHi 0c061MBOCTi YaCOBOIrO MaCKyBaHHS:

® MiCNAMAcCKyBaHHSA € ePEKTUBHILLNM, HiXK NepeaMacKyBaHHSA;

® BULMM piBEHb MACKYBAHHA CMNOCTEPIraeTbCA Nig 4Yac HaAXOOXMKEHHSA 3BYKY, WO
MACKYE, Yepe3 KOPOTKMN YaCOBWUI iHTEPBaA CNiAOM 33 3BYKOM, LLLO MACKYETbCA;

® MACKYBaHHA BMpPA*KeHEe CUJbHIile, KOAWM 3BYKW, WO MACKYHOTb, Ta 3BYKM, LWO
MACKYHOTbCA, NOTPANATbL B O4HE BYXO;

® piBeHb MACKyBaHHA 3a3BMYaWl Pi3KO Naga€e nNpu 36iNblIEHHI YAacOBOro iHTepBany
noHapg 15 mc;

® 30iNblUIEHHS PiBHA IHTEHCMBHOCTI 3BYKY, LLO MacKye, Ha 10 06 BUKAMKAE 3MilLEeHHS
nopory mackyBaHHA Ha 3 06;

® TPMBANICTb 3BYKY, LWLO MACKYE, BMMBAE Ha Mipy NepeaMaCKyBaHHA, ane He Ha
NiCNAMACKYBaHHA;

® 4acoBe MACKYBaHHA 3a/eXuTb Bi4 4YaCTOTHOro CniBBiAHOWEHHA 3BYKIB, LWO
MACKYIOTb, Ta 3BYKiB, L0 MACKYyIOTbCA; MAaCKyBaHHA NPOABAAETLCA CUAbHILIE, KON
4aCTOTU UMX 3BYKiB € 61N3bKMMMN.
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2.9. biHaypanbHuUM cnyx

biHaypasnbHUM C/IYXOM Ha3MBAETbCA MOro 34aTHICTb BM3HAYaTW HaNpPsAMOK

npuxoAy 3BYKOBOi XBW/i, TOOTO 34aTHICTb 1IOKANi3yBaTU MONOXKEHHA AXKepena 3BYKy
y npocTtopi. Ua 3aaTHICTb AOCAraeTbCA 3aBASAKM MPOCTOPOBIN HECYMILLEHOCTI ABOX
BYX Yy MOEAHAHHI 3 eKpaHyl4Yum BRAMBOM ronosu. Lle npusBoanTb A0 TOro, WO
3aBXAM MAE MicUe HeiaeHTUYHICTb 30yA)KeHHs NPaBoOro Ta /iBoro Byxa. Llen ¢akKr
3abe3nevye NOAMHI MOXAMBICTb CNPUMMATM NPOCTOPOBUIM 3BYKOBWUMK CBIiT Ta
OUiHIOBATK NepeMilleHHA AXepen 3BYKY Y NpOCTOopi.

[0 OCHOBHMX BNacTMBOCTeM biHaypabHOIo CAyXy MOXKHA BiAHECTH:

NPOCTOPOBY NOKANI3aL,tO;

e edeKT nepesyBaHHA (MONATAE y TOMY, WO 3BYKU, AKI HALIALWAN paHile B MeXKax
NMeBHOr0 MNPOMIXKKY Yacy, AOMIiHYIOTb HAZ 3BYKaMMu, WO HALIMWAW nNi3Hiwe;
JIOKani3auia npu ubomy BiabyBa€ETbCA TiAbKW NO CUTHAAY, LLO BUNEPeaKaE);

e OiHaypa/sibHe CyMyBaHHA FYYHOCTI (3BYK, AKMM BigyyBa€ETbCA ABOMA BYXaMW, Ma€E
yABidi Oinblly ryyHicTb, HiX ANA OAHOrO ByXa; BiANOBIAHO ANA ABOX BYyX
abCcoNtoTHUI 3BYKOBUIA MOPIr 3MEHLLYETbCA Ha 3 06);

e OiHaypasibHEe MAaCKyBaHHA Ta AEMACKYBaHHS.

TaKi MOXAMBOCTI CYXY A0CAratOTbCA 3aBAAKN TPbOM GAKTOpPaM:
1) yacosomy — BMHUKAE Yepes HecniBnaAiHHA MOMEHTIB Aii oAHaKoBUX da3 3BYKY
Ha NiBe Ta NpaBe BYXO;
2) amnaimyOHoMy — BUHUKAE Yepe3 HeEOAHAKOBICTb BEIMYMHU 3BYKOBOIO TUCKY Ha

npaBe Ta JliBe BYXO BHACNiAOK AndpaKLii 3ByKOBOT XBUi HABKOJ10 rON10BY;
3) cnekmpasnbHOMY — BUHUKAE Yepes PiSHULIO Yy CNEKTPaNbHOMY CKAagi 3BYKiB, LLO

CI'IpI/Il‘;IMaPOTbCFI npaBum Ta nisnum BYXOM BHaCI'Ii,EI,OK HEOA4HAaKOBOro eKpaHyr4oro
BN/21MBY ronosun 1a BylWHUX PaKOBUH Ha HU3bKNX Ta BUCOKNX HAaCTOTaX.

JNoKanisauyia g)xepen 3ByKy

3a3BMuyat noanHa AayxKe pobpe  poO3pi3HAE  poO3TallyBaHHA 3BYKIB Y
FTOPM30HTANbHIM NAOWMHI Ta 3a rAMOMHOO, a TaKoX Big4YyBaE MNPOCTOPOBI
XapaKTEPUCTMKM 3BYKOBOro obpasy. BHacnigok andpakuii 3ByKoBOI XBUAI HAaBKOJIO
roNI0BW C/lyXaya Ta YaCTOTHO-3a1EXXHOro 3aTyXaHHA L€l XBUAI 3 BiACTAHHIO, 3BYKN A0
NpPaBoro Ta NiBOro ByX CAyxaya HagxoaATb HEOAHAKOBUMMWU. BOHM BigpisHAIOTLCA 33
piBHEM iHTEHCMBHOCTI, 32 YaCOM HAAXOAXKEHHA, @ TAKOXK € PYHKLiAMM a3umyTa Ta
yactoTu. Bci Ui napameTpu € Hociamum iHPpopMmaLii NPo NOoKani3auito Axepena 3BYKY.
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MpoTe, mexaHi3mu noKanisauii A)kepen 3ByKYy MO rMOUHI, B rOPU3OHTANIbHIN Ta
BEPTUKANbHIN NIOWMHAX PO3Pi3HAKTLCA. PO3rnAHEMO Ui MeXaHi3MM OKpPeEMO.

1. JloKanizauia 0xcepes 38yKYy Y 20pU30HMAAbHIU NA0ULUHI.

AKWoO nig AeAkMM KyTom @ A0 naowuHu 1-1 ronoBm cnyxaya 3HaxoauTbeA
Axepeno 3ByKy (puc. 13), To GpoHTaNbHA NOKAMI3aLIA LbOro ArKepena BKIKOYAE
BM3HAYeHHA asnuMyTy (KyTa ) Ta BiacTaHi [ oo aKepena 3BYKY.

3BYyK

Puc. 13. PisHMUA y HaaXoaKeHHI 3BYKOBOI XBMAI 40 NPaBoro Ta NiBoro
BYXa: 0) 3ByKOBA XBWUAA NAe Nif KYyTOM @ A0 nnowmHm 1-1; 6) 3ByKoBa
xBuna nge nig kytom 90° go naowmuHm 1-1

PisHnuA yacy At HaaxoaKeHHA ogHaKoBUX $a3 3BYKY A0 BYX BU3HAYAETLCA
PiBHICTIO:

At ,

Ae Ax — pi3HMUA X0A4y 3BYKOBOI XBWAiI A0 NiBOro Ta NPaBoOro Byxa, Vg — WBUAKICTb
PO3MOBCIOAMKEHHA 3BYKY Yy noBiTpi (340 m/c). Y cBoto uepry Ax 3anexkutb Bif
PO3MipiB ro/1I0BM NIOAMHU, TOYHIWeE Big BiacTaHi MixK Byxamu D, AKa B cepeaHboOMy
AOopiBHIOE 18 cm. MaKcMmanbHy pi3HUMLIO XO4y, AKA BMHMKAE NPW PO3TalLyBaHHiI
axepena nig kytom 90° (360Ky), moxKHa po3paxyBaTu 3a popmysoto (puc. 13, 6):



Buxogaum 3 uiei dopmynn makcumanbHa pisHMuA xoay pocarae 23 cm. B gaHomy
BMNAAKY BOHa binblie 3a cepeHIO BiaCTaHb MiXK Byxamu (D = 18 cm) i € meHwWwol0 33
HAMKOPOTLUY BiACTaHb MiXK ByXxaMu HaBKOJ10 rON0BMU, WO A0PiBHIOE 28 cm.

Mpwn Takin pi3HULi Xo04y MakcMManbHMM Yac 3aTpumkmn At = 0,63 mc. MporTe, ue
€ CNpaBeaMBUM TiIbKM ANA CUHYCOiAanbHMX 3BYKiB 3 YacTtoTotro He Buue 800 My. Ha
6inbWKMX YACTOTAxX Yac 3amni3HeHHA CTa€ HiNblKMM 32 NONOBUHY Nepioay KOAMBaAHHS,
TOMY NOHATTA Pa3mn BTPAYAE CEHC.

3BYKM BMCOKOI 4YacTOTM MAKOTb OOBMMHY XBWAI, WO € MEHLIOK 33 diameTp
rof10BM cayxava, TOMy BOHW He NPOXOAATb A0 ByXa, AKE 3HAXOAUTLCA 3 NPOTUNEXKHOI
CTOPOHM r0I0BM MO BIAHOLWEHHIO 40 AXepena 3BYKy. [pu LboMy, BHACAIAOK ABULLA
AMdpaKkuii, BUHNKAE, TaK 3BaHa, GKYCMUYHA MiHb, AKA 3MEHLUYE IHTEHCUBHICTb

3BYKY, WO noTpannde y Byxo (puc. 14, a). HM3bKi 4acToTn mMatoTb AOBMKUHY XBWUAI
Ginbly, HiX AiameTp roNoBM c/iyxava, TOMYy BOHM OFMHalOTb FOMIOBY i He AatoTb
aKyCTMYHOI TiHi (puc. 14, 6).

a)
\\\\\ K

AKyCTHYHa
TiHB

/////

Puc. 14. YTBOPEHHS aKyCTMYHOI TiHi: @) Ha BUCOKMX YacToTax; 6) Ha HU3bKMUX YacToTax

3 [AocCBigy BMNAMBAE, WO YMCTi TOHU BUCOKUX YacToT (binbw HiXX 8 kly) maike
He niaaarTbca NoKanisauii. Takox € cnabo BUpaXKeHow 34aTHICTb A0 N0KaNi3aL;ii Ha
yactoTax Hux4e 3a 300 My. Ha yactoTtax, wo € meHwumu 3a 150 My, nokanisauis
B3arani BIiACYTHA. 3 UbOrO BWUMN/AMBAE, WO He BaX/IMBO A€ pPO3MilLyBaTH
HM3bKOYACTOTHI aKYCTUYHI CUCTEMU MPU CTEPEO BiATBOPEHHI 3BYKY.
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HalKpala TOYHICTb NOKanisaLii AOCATAETbCA NPU CNPUMHATTI CKNALHUX 3BYKIB
Ta 3BYKOBMX iMnNyAnbCiB. Mpu LbOMYy BaXXAMBUM (AKTOPOM € CNEKTPasbHUA CKAaA
3BYKiB. TakK, AKWO 3BYK MICTUTb HM3bKOYACTOTHI Ta BUCOKOYACTOTHI CKNA[0BI Ta Ai€
nig Kytom 90° Ha NnpaBe BYyXO, TO Y NiBOMY BYCi BUCOKOYACTOTHUX CKIAA0BUX He byae
Yyepes aKyCTUYHY TiHb FON0BMW.

HanmeHWwnn KyT CNPUUHATTA BIiOXMNEHHA AXKepena 3BYKOBWUX CUMHANIB, WO
BiAYyBa€TbCA, pAopiBHOE 3°. L BennuMHy BapTO BBaxKaTu OiHaypanbHOMO
PO34iNbHOK 34aTHICTIO CYXy AN PPOHTANbHOrO HanNpPsAMKY. TOYHICTb JIOKani3auii
Axepen 3BYKY, pO3TallOBaHUX NiBOPYY Ta NPaBoOpPyY, € 3HAYHO MEHLLOK Ta CKNA[aE
6ina 12°. Ana TMN0OBOro HaNpPAMKY LS BeANUYMHA AopiBHIOE 6ina 6°.

[JOonoaTKOBMM MeXaHi3MOM NpU OLiHLI a3sumyTy A)Kepena 3BYKY Yy MPOCTOpi €,
TaK 3BaHUM MexaHi3m "QpoHT-TUN", AKMN A03BONIAE BU3HAYMUTM YU 3HAXOAMUTbCA
AXepeno 3BYKy nonepeay, YM BOHO 3HAaxXo4MTbCA MNO3a4y cnyxada. Knwoyosum
€1eMEHTOM UbOro MexaHi3My € BYWHI PAKOBUHWU, AKI BUKOHYKOTb pPOSb
npoctopoBoro ¢inbTpy. MNpu uboMy NOTPIGHO BIAMITUTH, LLO LEN MeXaHi3m B3arani
He npautoe, Konu KyT ¢ aopisHioe 90 abo 270 rpaaycis.

2. Jlokanizauifa 0xcepen 38yKYy Y 8epmuKaabHill NAOWUHI.

30aTHICTb BM3HAYaTM HaNPAMOK HAAXOAMKEHHA 3BYKY Y BEPTMKA/IbHIA NAOLWMHI
y NOANHM PO3BUHYTA AyKe cNabKo i po3ainbHa 34aTHICTb cknagae Beboro 10 ... 15
rpaaycis. Lla 3aaTHicTb NoB’A3aHa 3 opieHTaLielo Ta POPMOLO ByX.

3. JloKanizauia oxcepes 38yKY no 2aAUBUHI.

Mopag, 3 BU3HAYEHHAM HANPAMKY Ha AXKepeno 3BYKY C/yxay BMEBHEHO OLHIOE
BiACTaHb A0 ArKepena 3BYKY. [1pn UubOoMy AnA pi3HUX BiACTaHEM A0 ArKepena TaKa
OLiHKa Ma€ neBHi 0c0b6/NBOCTI:

o [pwn cepepgHix BigcTaHax [0 axepena 3BYyKY (3..15m) HabnukeHHa Ta
BiAOANEHHA ArKepena 3BYKY CYyNnpOBOAMKYETbCA 3MIHOK MOr0 iIHTEHCUMBHOCTI. Tak,
Ha HWM3bKMX YacTtoTax 30inblleHHA BiACTaHi  yABiYI  CyNPOBOAMKYETLCA
3MEHLWEeHHAM pPiBHA 3BYKOBOro TUCKY Ha 6 ab. Ha cnyx BigCTaHb 3aBXKAM
BM3HAYAETbCA MEHLLOLO, HiXK BOHa € HacnpasAi. [lomunKa 36inblyeTbCA 3 POCTOM
BiACTaHI.

e Ha 6/M3bKMX BiACTaHAX (MeHLW HiXX 3 M) Ha MMOMHHY NOKani3auito 34iACHI0E
BNAMB AMPPaKLIiA Ha BYLWHIN paKOBWHI Ta ronosi, TO6TO AAETbCA B 3HAKKU Pi3HULA
PiBHIB IHTEHCMBHOCTI Ta YaCOBOI 3aTPMMKU. TOYHICTb FTMOMHHOI NOKani3auii npm
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3MilWleHHi wupokocmyrosoro axkepena Biga 50 go 150 cm He nepesuulye
15 — 30%.

e [lpu BennKmMx BiacTaHAx (b6inbw HiX 15 M) nounMHae gaBaTMCA B 3HAKM 3racaHHA,
WO 3anexuTb Big BIACTAHI, AKY NpPOXoAuTb 3BYKOBa XxBuaa. [lpu ubomy
BMCOKOYACTOTHI CKNafoBi 3racatoTb LWBMALWIE, 3MiHIOETbCA Tembp. TaKoX Ha
PO3MNOBCIOAMKEHHA 3BYKY BMNJIMBAE BOJOMICTb MNOBITPA Ta HANPAMOK BITpY.
36inbWEeHHA aMNAITYyAN HU3bKOYACTOTHMUX CKNALOBUX CNEKTPY 3BYKY BUKJIMKAE
BiAYYTTA HAOAMMKEHHA A)Kepena 3BYKY. LUTyyHe 3mMeHLWeHHA HU3bKOYACTOTHUX
CKN1af0BUX CMEKTPY CMPUMMAETBLCA AK BigaNneHHA OXKepena 3BYKY.

Ha BigmiHy Big a3anmMyTanbHOI NOKanisauii rAinbnHHa NoKanisauia MoXxxamea npu
MOHOYpPanbHOM MPOCAYXOBYBaHHi, nNpoTe OiHaypasbHE CAPUMAHATTA ICTOTHO
NigBULLYE TOYHICTb OUiHKM BiacTaHi. Ha BiactaHax 6inbwumx 3a 10 m HasaBHicTb
6iHaypanbHOro CNPUMHATTA BXXe He HaJa€E TAaKMX Nepesar.

biHaypanbHe MaCKyBaHHA Ta A&MaCKyBaHA
Konn 3ByK, WO MAcKye, Ta 3BYK, LLO MACKY€ETbCA, NOCTYNatTb B Pi3Hi Byxa, TO
cnif roBopuTU nNpo biHaypasbHe MACKy8aHHSA. BennumHa 3cyBy C/lyXoBOro nopory

npu 6iHaypaNbHOMY MAaCKyBaHHI 3aBXAN 3HAYHO MEHLUE, HiXX NPU MOHOYPaNbHOMY
MaCKyBaHHi i NPOABAAETLCA BOHA HiNbLLIOIO MipOKO HAa BUCOKMX YACTOTax.

BiHaypanbHe MacKyBaHHA BMHMKAE NMLWIE 33 YMOBMW, AKLWO Yac Aii 3BYKY, WO
MacCKYE€, € He meHWKUM 250 mc. Halbinbll BUpPaXKEHUM € MACKyBaHHSA, KON 3BYK, LLLO
MACKYETbCS, Ta 3BYK, O MACKYE, € 61M3bKMMM MO YacToTi. Mpn ubOMy Ha BiAMIHY Big,
MOHOYPaNbHOFO MACKYBaHHA BiACYTHI BUTTA i MacKyBaHHA HaMbinbl NPOABNAETLCA
B AyKe BY3bKill CMy3i 4acTOT, AKa 306iraeTbCA 3 WMPUHOK KPUTUUYHUX CMYT CAYXY.
Mipa 6iHaypanbHOrO MaCKyBaHHA HapoOCTaE, KoM obuaBa 3BYKM MatoTb
NyNbCYOYNIM XapaKTep, WO XapaKTeEPHUIM ANA MOBU Ta MY3UKMW.

biHaypaabHUM 0emMacKy8aHHAM Ha3MBAOTb 3HUMKEHHA NOPOry MACKYBaHHA Npwu

BUAINEHHI OKpPeMWX 3BYKIB 3 iX CYKYMHOCTI, WO OAHOYACHO Aie Ha cayxaya. Ue
AOCAraeTbCA  WANAXOM  A0AaTKoBOI  06pobKM  BxiaHOI  iHGopmauii AK B
nepedepinHOMY, TaK i LEHTPANbHOMY BiAAiNaxX CIYXOBOI CUCTEMM T MO3KY.

biHaypanbHe gemackyBaHHA nepenbayvyae BUKOPUCTAHHA C/IYXOBOK CUCTEMOLO
4YacoBMX Ta IHTEHCUMBHICTHUX BigmiHHOCTen nap 6OiHaypanbHUX 3BYKiB, LWO
BiANOBIAAIOTb OKPEMMM AXKepenam, Ana iX po3aineHHA oAMH Big ogHoro. [eski
AOCNIAHNKX BBAXKAtOTb, WO B OCHOBI LbOro IBULLA NIEKUTb YYTAUBICTb A0 3CyBY a3
Mi*K 3ByKaMK Ha yactoTax Huxk4ye 1500 Iy.
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AKWo B cTepeoTenePoHN NOAATU OAHOYACHO OAMH | TOM CaMMI LIYM, T OAMH i
TOM CaMMM 3BYK, LLLO MACKYETbCA, TO OKPIM LIYMY HIiYOro He NMOYYEMO. AKLLO *K 3BYK,
L0 MACKYETbCA, NOAaTU NNLWIE B OAHE BYXO, TO MU MOro YyTMUMEMO, MOro piBeHb
cyb'ekTMBHO  nigBuwyetbca. Len edpekt i HasuBaeTbca  HiHaypanbHUM
AeMacKyBaHHAM. Mpu UbOMY LIYM i 3BYK JIOKANi3yrOTbCA B Pi3HUX MICLAX FO/I0BW.
LLym B cepegmHi ronosu, a 3ByK 6aMkK4Ye A0 Byxa, Ha AKe BiH NOAAETHCA. Takum
YMHOM, AEMACKYBAHHA 34iIMCHIOETLCA Yepes pPi3HY Cyb'eKTUBHY NOKai3aL,ito Wymy Ta

3BYKY.

KOHTpPOsbHI 3anuUTaHHA

1. LUlo BMBYaE HayKa "ncmMxoakyctmka'?

2. flKe BM3HA4YeHHA NOHATTA "BMCOTA 3BYKY' ?

3. [OnA AKMX CUrHaniB CNyxoBa cMcTeMa I0ANHM 34aTHA BU3HAYUTM BUCOTY 3BYKa?
4. Ak cnyxoBa cuCTemMa NIOAVMHWU BU3HAYAE BUCOTY 3BYKY CKJAaAHOMO 3BYKOBOTO
CUrHany?

5. B AKMX OANHUUAX BUMIPIHOETLCA BUCOTA 3BYKY?

6. AK BMCOTa TOHY 3aN1€XMUTb Big 4aCTOTU CUTHaNy?

7. Big AKMX We napameTpis 3a1eXUTb BUCOTA TOHY 3BYKOBOrO CUTHANy?

8. Lo Ha3nBalOTb KPUTUYHMMMN CMYTaMK CAyXy?

9. AK WWPMHA KPUTUYHUX CMYT CAYXY 3aNEXKMUTb Big 4acTOTK?

10. AKUM YNHOM MOKHA OXapaKTepPmU3yBaTM TeMbp 3BYKy?

11. AKKnI piBeHb 3BYKOBOI0O TUCKY BiANOBigae 601bOBOMY NOpPOry ANA NOANHN?
12. LLlo Ha3MBaOTb NOPOrom YyTHOCTI?

13. AK Ha3MBaKOTbLCA YAaCTOTU HUXKYI 3a 16 Iy Ta BMw,i 33 20 KIMy?

14. AK dopmyntoeTbcs ncmxodisanyHMI 3aKoH Bebepa?

15. 3a akoo GOpMyno BU3HAYAETLCA PiBEHb IHTEHCUMBHOCTI 3BYKY 3rigHO 3aKOHY
Bebepa-dPexHepa?

16. LLlo Ha3MBalOTb MACKyBaHHAM 3BYKOBMX CUTHaNIB?

17. AKUM YNHOM BU3HAYAETLCA MACKYBaIbHA AifA Pi3HMX 3BYKIB?

18. AKi € 0c0H6NMBOCTI MaCKyBaHHA YNCTUM TOHOM?

19. B AKX OQMHUUAX BUMIPIOETLCA PiBEHb N'YYHOCTI?

20. Lo npuUMHATO 32 OANHULIO PiBHA IYYHOCTI?

21. AAK BU3HAYAETbCA PiBEHb NYYHOCTI TOHIB HA MEBHMX YACTOTax?
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22. Ak Ha3uBatOTbLCA rpadikmM 04HAKOBOrO PiBHA y4YHOCTI?

23. LLlo Ha3MBaETLCA Ny4HICTIO?

24. B AKMX OANHULAX BUMIPHOETbCA NYYHICTb?

25. AKnI xapakTep Ma€E 3a1eXHiCTb 'Y4YHOCTI Bif, PiBHA 3BYKOBOrO TUCKY?

26. AAK BU3HAYAETbCA NYYHICTb CKNAAHOTO CUFHANy?

27. lWo Take cTana yacy cayxy?

28. Lo po3ymitoTb Nig, aganTaieto cayxy?

29. Lo Ha3nBaloTb YaCOBMM MACKYBAaHHAM?

30. o Ha3uBaeTbcs biHaypasbHUM CAYXOM?

31.B 4yomy nonArae edekT nepeayBaHHA, AKUMA BIAHOCUTbCA A0 OCHOBHMX
BNlacTUBOCTEN HBiHAaypanbHOro cayxy?

32. K BU3HAYAETbCA 3arasibHa ry4YHiCTb 3BYKY, KM BiA4YYyBAETLCA NMPaBUM Ta J1iBUM
BYXaMu NOAUHN?

33. AKi dakTOopK 3abe3neuyoTb MOXANBOCTI BiHAypPaIbHOro CNPUNHATTA 3BYKIB?

34. InA AKMX YacTOT 3BYKOBUX XBW/b 3 iana3oHy, WO MOXKe YyTU NtoANHA, MOXANBE
BUHMKHEHHA ABULLA aKYCTUYHOI TiHi?

35. Ulo Ha3uBatoTb HiHaypanbHMM MACKyBaHHAM?

naBa 3. Buan 3BykoBux curHanie Tta Ix oopobka

3.1. NepBUHHI Ta BTOPUHHI 3BYKOBi CUrHanu

Po3pi3HAOTb NEePBUHHI Ta BTOPMHHI 3BYKOBI CUrHann. [Jo nepBUHHUX BiAHOCATb
CUTHA/N, WO CTBOPHOIOTLCA MY3UYHMMM IHCTPYMEHTAMM, CMiBOM, MOBAEHHAM, abo
LWYMOBI CUIHanM, WO CTBOPKOOTLCA AN CYNPOBOAMKEHHA iHLWIMX CUrHaNiB (wym
noisga, poKiT Mops, CBUCT BiTpY i T.N.).

[0 BTOPUHHWUX 3BYKOBMX CUTHANIB BIOHOCATb CUMHAaNAW, WO BiATBOPHOKOTHCA
€N1EeKTPOAKYCTUYHUMM  MNPUCTPOAMM, TOOTO NEPBUHHI CUTHAAW, WO NPONLWAU
eNeKTPOaKYCTUYHMMMN  TpaKTamMu 3B’A3Ky abo KaHanamm 3ByKonepegadi Ta
Bi4ANOBIAHO BUA03MIHEHI 3@ CBOIMM NapameTpamum.

CurHanu, cdopmoBaHi B KaHanax 3ByKonepeaadi, cay»aTb, B 6inblIOCTi CBOIMA,
ONA  MOWWMPEHHA MNeBHMX MNOBIAOMNEHb B /OACbKOMY CyCninbCTBi. byab-AKi
nepeTBOPEHHA 3BYKiB HEOOXiAHI AnA cninkyBaHHA noaen (y wupokomy ceHci). Tomy
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O6rPYHTOBAHO MOHaA T[OBOPUTM MPO Te, WO 3BYKM, BIiATBOPEHI Ha BUXOA4j
aKyCTUYHOro TPaKTy (TOOTO BTOPMHHI 3BYKOBI CUTHANW), NEPBUMHHO MICTATb AEAKY
KOMYHIKaTUBHY iHpopmauito. A Ue O03HaYa€E, WO MNPU aHanisi CNPUMHATTA TaKUX
3BYKiB HeobXiAHO BpaxoByBaTM BM/MB LIEI KOMYHIKaTUBHOI CKNa[AoBOI Ha
XapaKTePUCTMKM cnyxoBoro obpasy.

Buxoaaum 3 TakMx MipKyBaHb, MOBa MAe NPO TPaKTU NEPETBOPEHHA NEPBUHHUX
3BYKOBUX CWUTHaNiB Yy BTOPUHHI AK NPO KaHaau KOMyHiKauii. Mpu ubomy cami
NepBUHHI CUTHANN MOXYTb | HE MICTUTU ABHOI KOMYHIKAaTUBHOI CKN1afoBoi. [MpoTe,
TaKa CK/IaZloBa HEe3MiHHO 3'ABNAETLCA B Npoueci opMyBaHHA BTOPMHHOIO CUTHaNy.
[iNcHO, cam ¢aKT NepeTBOPEHHA OEeAKOro MEePBUHHOrO 3BYKY Y BTOPWUHHUN BIXKe
roBOpuUTb MNPO HeobxigHiCTb nepepadvi (KMMOCb, HaANpPUKNag 3BYKOPEXKUCEPOM)
iHbOpMaLLii NPO KOHKPETHY aKyCTUYHY CUTyaUitlo cayxadeBi (MOXK/INBO, YMOBHOMY).
3ByKopexucep, byayuym nocepefHMKOM nNpu nepepadvi 3BYKY, CBOEK poboToto
BHOCUTb KOMYHIKaTUBHY CKN1af0BY 40 BTOPUHHOIO CUrHaNYy, WO iM NPOAYKYETbCA.

OCTaHHE MOXHA NOACHUTU HA HAaCTYNMHOMY NPUKAAAi. TaK Wym AUCTA B NiCi AA€E
HaM NEeBHY aKyCTU4YHY iHPOpPMALLO NPO CTaH AOBKINAA. AKWO MW CaMi 3HAXOANMMOCA
B JliCi, TO UeN WyM He MICTUTb ONA HaC *KOAHOI KOMYHIKAaTUMBHOI iHpopmauii. BiH
HanpaBAeHUA B OCHOBHOMY Ha 3abe3neyeHHA KOTHITMBHOI QyHKLUii cnyxoBoro
CNPUMHATTA. 3BYKM NpuMpogM cami no cobi He MOXKyTb OYyTM KOMYHIKaTUBHMMMU
CUrHanamu. IHWa cnpaBa, AKWO TOW CaMWUI WYM MW NpocayxyBaTumemo y cebe
BOOMA 3 MarHiTopoHHOro 3anucy. Y 3anuMcaHOMy 3ByLi B)e Oyae 3aknageHa
iHpOopMaLia, NpM3HaYeHa ANA NOBIAOMNEHHSA NMPO Te, WO XTOCb 3p06MB AaHUM 3annC
3 Li/IKOM MEeBHOK METO: ANA MPOC/AYXYBaHHA B iHWMWM Yac i y iHWOMY Micu,.
3ByKo3anuc ¢aKTUYHO € '"maTepianisauito” 3BYKOBOiI iHPOpMaALil NPO aKyCTUYHY
CUTYyaLito, AKa cnoctepiranaca B Aici. BiaTBOpPEeHHA 3BYKY Yy BTOPUHHOMY CUrHani
O3Ha4ya€ nepepavy Uiei maTepianizoBaHoi iHpopMaLii ciyxadesi. A Le BXKe € eTanom
KOMYHiKaLil.

B imeanbHOmMy BMMaAKy BTOPUHHMM CUFHAA MNOBMHEH TOYHO BiANOBIAATH
nepBMHHOMY. Ane ue He 3aBXAM NOTPIOHO, OCKINbKM CAyX NOAUMHU MOXKe i He
NMOMITUTH, WO BOHWU He 36iratoTbcA. [Jo TOro * Ha NPaKTULI TOYHOI BiANOBIAHOCTI
NepBUHHOIO Ta BTOPMHHOTO CUTHa/NiB ByBa€E AyXKe BaXKKO A0CAITW, a iHOAi i NpOCTo
HeMOoX/nBo. Mpu UpbOMY HamararoTbCca 3pobuTh Tak, W6 cnyxose BiAYYTTA, fAKe
BMHMKAE Yy cayxaya, 6yno Ak Hanbauxkye Ao Toro BiguyTTs, AKe BiH OTpumyBaB 6w,
AKWO 6 3HaAaxXoAMBCA Yy MiCLi BUHUKHEHHS MEPBUHHOIO cUrHany. HamronosHiwe
NONAra€e B TOMYy, WO Y BTOPMHHOMY CUTHani BigOWBAETbCA, Yepe3 MOro napameTpu,
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TOM 06pas, AKMM KepyBanacs NOAMHA, WO 34iIMCHIOBaNA 3anuc. IHWKUMM cnoBamm,
3anuC XapaKTepmnsye B NEBHOMY 3HAY€EHHI, K UA A0AnHa yaBaana cobi noganblie
3ByYaHHA BTOPWMHHOrO CcuUrHany (y npocTomMy BWMNAAKy MapameTpu 3anucy
BM3HAYaTUMYTbCA YABEHHAMM PO3POOHMKA anapaTypu NPo MOoro HeobXigHy AKICTb).

Te X came MOXHa CKas3aTu i NPO NEepBUHHI 3BYKOBI CUIHANU, WO NPU3HAYEHI
b6e3nocepegHbO ANA CNiNKYBAHHA, HAanpuKAag Npo 3BYKM mMoBW. MOBHI 3BYKM, Y
CBOi OCHOBIi Oyay4yM KOMYHIKAQTUBHUMW CUTHA/NAaMKM, NpPU  NEepPeTBOPEHHi B
aKYCTUYHOMY KaHani OTPUMYIOTb AEAKY A0AATKOBY KOMYHIKATUMBHY AKiCTb, LWO
BM3HAYaETbCA GaAKTOM nepesaui.

B pamKax Takux ysiBneHb HeobxigHO roBOpUTK Npo TpaHCcHOpMaLito 3BYKIB Npu
$GOpMyBaHHI BTOPUHHUX aAKYCTUYHWUX curHanie. Mpu upbomy pana 3abesneyeHHs
334aHNX XaPaKTEPUCTUK CAPUUHATTA nepenbavyaeTbCcsa cneuiasibHe CNOTBOPEHHS
®i3NYHOI CTPYKTYpPU BTOPUHHOIO CUrHaNy MO BiAHOLWEHHIO A0 NepBUHHOro. Take
CNOTBOPEHHA KOMMEHCYE BigMIHHOCTI B aKYCTUYHMX YMOBAX 3BYYaHHA NEPBUHHOrO i
BTOPWUHHOIO CUIHANIB.

3aranom yci HeBigNOBIAHOCTI MNEPBMHHONO Ta BTOPUMHHONO CUrHanNiB €
CNOTBOPEHHAMM Y LUMPOKOMY CEHCI LibOro NOHATTA. Ale 3a3BMYal Nig UMM TEPMIHOM
PO3YMilOTb BY)KUYMM TN CNOTBOPEHb. [O HWUX BIAHOCATLCA ANiHIMHI, HEeNiHiNHI,
napameTpuyHi Ta nepexigHi (4acosi) cnoTBopeHHA. Popmytoum y cayxada 3a
AONOMOrol BTOPUHHOIO CUFHaNY CAyXO0BWUIA 06pas, WO € afeKBaTHMM 06pasy, AKUN
BMHMKAE NPU MNPOC/AYXyBaHHI MEPBUHHOrO CUrHany, HeobxigHo nepepbayaty He
NIMLLE CNOTBOPEHHA aKYCTUYHOIO CUTHaANY, ane i OuiHIOBaTU BanaHC UMX CNOTBOPEHbD
i3 CNOTBOPEHHAM KOMYHIKaTUBHOI CK/1a40BOI.

XapaKtep  CNOTBOPEHb  AKYCTMYHOINO  CUrHaNy, BHECEHWUX  KaHa/aom
3ByKONnepeaayun, a TaKOX AONYCTUMI MexKi i popma UMX CNOTBOPEHDL 3a/eXKaTb B
nepLly 4yepry Big NpuM3HAuYeHHA CaMoOro KaHany, TobTo Bif4 TOro, 3 AKOK METOH
CTBOPIOETbCA BTOPWUHHWUM CUTHAA. Y LUbOMY CEHCi CMOTBOPEHHA, WO BHOCATbCA
KaHa/JIoOM, MaTUMyTb Pi3HY Cy6'€éKTMBHY 3HAYYLLICTb 3aNE€XXHO Bif4 MNPWU3HAYEHHA
3BYKOBOro KaHany. TyT WMAEeTbCA NPO 3HA4YYyLWiCTb CNOTBOPEHb 3 TOYKU 30pYy
30BHILWIHbOrO CnocTepiraya, a He cayxaya. TakMm 30BHIlLIHIM crnocTepirayem € B
neply Yyepry po3pobHMK anapaTtHoro 3abesneyeHHa KaHany nepegadi 3ByKy. AKLWO
3BYKOBMI KaHaN NPU3HAYEHUN nnwe ANs nepeaadi noBigomneHHs, Tob6T1o nnwe ans
KOMYHiKauii (y BY3bKOMY CEHCi), TO »OAEeH pPO3PO6HUK He nparHytume
3abe3neyyBaTh TaKi BUMOrM 40 MapameTpiB TPaAKTy, fAKi 403BOAMAM 6 CTBOPUTK Y
BTOPUHHOMY CUTFHaNi cnyxoBun o06pas, ageKBaTHUM CAPUMHATTIO 3BYYaHHA B
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NepBMHHOMY curHani. Moro ByayTb LiKaBUTM Neplu 3a BCe MOM/MBI CMOTBOPEHHH,
AKi 6yayTb BNAMBATM Ha 3MIiCTOBHY 4aCTWUHY 3BYKOBOIO CUrHasny, To6To Ha AKiCTb
KOMYHIiKaTUBHOI iHhopMmaLii, wo nepenaerbca. CGopmoBaHMIM 33 TAaKUM NPUHLUMOM
BTOPUHHWUI CUrHan byae LiNKOM afgeKBaTHMM NEPBUMHHOMY CUTHANY 3 TOYKU 30py
CNPUMHATTA 3MICTy noBigomneHHA. [pu UbOMY 3HA4YHA YaCTUHA KOTHITUBHOI
CK/1a40BOi NEPBUHHOIO CUrHany moxe 6yTu BTpaveHa 6e3 cyTTeBOi WKoauM ANA
cayxava.

Mpu ouiHLI TPaKTy Nepeaayvi BBaXKatoTb, WO KOXHUIMA aKYCTUYHUIA CUTHAN MalKe
3aBXAM € BUMALKOBMM Yy MMOBIPHICHOMY pPO3yMiHHI i Hece y cobi neBHy
iHbpopmauito, Wwo Bianosigae moro ob6’emy. CTPOro KaxKyyu, 3BYKOBi CUIHaAu
XYAOXHIX NPOrpam, He MOXYyTb PO3rA4aTUCA AK BUNALKOBI, OCKi/IbKM BOHM MOXYTb
6yt pobpe BiAgOMMMU c/lyxadam i TOMYy He HecyTb y cobi iHpopmauito, ToH6TO ix
iHbopMmaUinHNI 06’em [OOpPIBHIOE Hynesi. [OnAa cnyxada Ui CUrHaam € 3acobom
3340BOJIEHHA B/IACHUX €CTETUYHUMX NOTPeb, a He oTpUMaHHsA iHdopmauii. MpoTe, Npu
pO3paxyHKax KaHaniB 3ByKkonepeaayi Ui CUIHANAM BBAXKalOTb TAaKUMMU, WO HECYTb
iHpopMmaLito, fika BignoBigae neBHOMY 06’emy. Lleit 06’em BM3HAYaETbCA BUXOAAUN 3
napameTpiB 3BYKOBUX CUTHANIB, AKi XapaKTepun3ytoTb OCHOBHI BAACTUBOCTI CUrHanIB 3
TOYKM 30py iX nepegadi. BignosigHi napameTpu BM3HAYAKOTBCA 33 piBHEM, 3a
YaCTOTHUM Aiana3oHOM Ta y Yaci.

3.2. InHaMiyHMN giana3oH

Y npoueci byab-aKkoi nepepadi piBeHb aKYCTUYHOrO CWUrHany MOCTIMHO Ta
HenepepBHO 3MIHIOETbCA. [pn LUbOMY Aiana3oH 3MIHWU CUTHANY MOXe MaTu A0BONI
WKWPOKI MeXKi. 3anexKHiCTb piBHA CUrHany Bi4, 4Yacy HA3MBAETbCA PiBHE2PAMOLO.

MpuKnag TaKoi 3aNeXKHOCTi HaBegeHWM Ha pucyHKy 15. 3a3Buyait piBHerpamy
HAaBOAATb ANA PiBHA, BU3IHAYEHOro NMpu MOCTIMHIN Yacy BMMIipOBaya, WO O0PIBHIOE
abo 150 — 200 mc (cy6’ekmusHa pisHeepama), abo 20 — 30mc (06’ekmusHa
pisHezpama).

AK NOKa3aHO Ha puCyHKY 15, makcMmanbHOMYy piBHIO curHany Ly, wWwo
BU3HAYaAETbCA 3 piBHErpamu, BiANOBIgATUME piBeHb, ANA AKOrO0 BWKOHYETHbCA
HACTyMHa ymoBa:
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Puc. 15. PiBHerpama akyCTMYHOro curHany

PiBHerpama nogibHa o  ocumnorpamu.  3a3BMYalh  OCLMIOrPamM
3aCTOCOBYHOTbCA A1 BUBYEHHS KOPOTKOYAcHUX npouecis (coTi aoni cekyHa). MpoTe,
OCLIMNOrpamMn Ay»Ke AeTaibHO ONUCYHOTb 3BYKOBI KOJIMBAHHA i TOMY BOHWU HE3PYYHi
AN BMBYEHHS MOPIBHAHO BeAMKUX (33 4Yacom) dparmeHTiB. Ha pucyHKy 16
306parkeHo pparmeHT 3By4aHHA TPMBANICTIO BCbOrO B OA4HY COTY CEKYHAU. AK MOXKHa
nobauntn uya ocumaorpama Bigobparka€e KonMBaHHA 3BYKOBOrO TWUCKY Yy 4aci, WO
MAyTb OAHE 33 O4HWMM, Ta MAlOTb CXOXKiCTb dopmu Ta BeanYnHW. Mpu upbomy
amMnAiTy4a TakKMX KONMBAHb MOXE 3MIHIOBAaTUCh Y HAA3BUYAMHO LUMPOKUX MEXKaX — Y
COTHI Ta TUCAYI pa3iB. B TOM ke Yac, BpaxoByoUi iHEPLIMHICTb IOACBKOrO CAYyXYy, AKUN
pearye He Ha MUTTEBI 3MiHM 3BYKOBOIO TUCKY, @ OLIHIOE 3BYKOBI KOZIMBAHHA Y CyMi (3
nocTinHO 4Yacy 6ina 1/5 cekyHam), AeTanbHO 306paxKaT KOIMBAHHA 3BYKY €
HeZouiNbHMM. [loCTaTHbO BPaxoBYBaTU AMLIE 3MiHY aMNAITYAM LMX KOAIMBAHb, TOOTO
06BiAHY, AKa 3MiHIOETbCA HabaraTo NoBiNbHiLWIe HiX MUTTEBI 3Ha4YeHHA (puc. 17).
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Puc. 16. Ocumnorpama 3BYKOBOro Puc. 17. Ocumnorpama 3BYKOBOIo
curHany (3ayvac 10 mc) curHany (3a 4yac 2 ¢) Ta Moro

ycepeaHeHa obBigHa (YopHa niHis)

OCKiNnbKM MY3W4YHi Ta MOBHI CMIHA/IM € CUTHANAMM KBas3iBMNALKOBUMM, TOOTO
nepenbaynTh ix 3HaYEeHHS MOXHa anLe 3 NeBHOM BiPOriAHICTIO, TO ANA aHani3y ix
aKYCTUYHUX XapaKTEePUCTMK 3aCTOCOBYOTbCA METOAM CTaTUCTUYHOTO, CNEKTPaNbHOIo
Ta KOpenAyinHoro aHanidy. CTaTUCTUYHUN aHani3 piBHErpam 3BYKOBMX CUTHANIB MaE
AYyXe Bak/MBe 3HAYeHHA MNPUM MOHTaXKi Ta pepgaryBaHHI 3BYKOBUX MpoOrpam,
Y3rogyKeHHi iX 3 napameTpamu anapaTypu Ta 3BYKOBWUX TPaKTiB, Npu BMOOPI pi3HMX
cnocobie 06pobKM curHanis, NpuM ONTMMaNbHIN OpraHisauii cuctem 3BYKOBOTO
MOBJIEHHA, 3BYKO3anucy i T. 4.

OAHMM 3 Hanbinbll Ba*KAMBUX NAapaMeTpIB, O OTPMMYIOTbCA i3 CTaTUCTUYHOIO
aHanisy piBHerpam, € AMHAMIYHMW Aiana3oH curHany. [AuHamiyHWIA  AianasoH
CUFHaNy 3aBXAWM NOTPIOHO MOpPiBHIOBATU 3 AWMHAMIYHMM Aiana3oHOM KaHany
nepegadi. o6 BM3HAYMUTM AKMA OUMHAMIYHWIA Aiana30H CUTHaAYy MOXKe NPOonycTUTH
KaHan, BUKOPUCTOBYETbCA popmyna:

UH M
D, = 20lg U" — (AN, + AN,), (13)
il

ne Uy, — piBeHb wymy B KaHani, U,,,— HOMiHanbHa Hanpyra, AN; — piBeHb
nepekpuTTA 3aBaf Ta wWymiB y (He meHw Hix 10056), AN, — ponyck Ha
nepesaHTaXeHHs (3 — 6 06). Mepwwnii AO0AATOK B Ui popmMyni — Le AMHAMIYHUIM
Aiana3oH KaHany (TobTto norapudm BigHOLWEHHA MAKCMMaA/IbHOrO Ta MiHIManbHOrO
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PiBHIB CMrHany B KaHani). D, — ue Te, Wwo GaKTUYHO 3a/UWIAETLCA NS Nepepadi
KOPUCHOrO CUrHany.

OVHaMiYHMIW fiana3oH anAa Aesikux BUAIB 3BYKOBMX CUMHaziB HaBeAeHWUn y
Tabnuu,i 2.

Tabauua 2. IMHamiyHMI AianasoH ANs AeAKUX BUAIB 3BYKOBUX CUTHANIB.

Bupg, curHany AunHamiuHuM gianasoH, 0b
MoBa guKTopa 25+ 35
XyO0XKHE YNTAHHSA 35 +45
TenedpoHHi po3mosu 35+ 45
CMbOHIYHNI opKecTp 65+ 75
PoK my3uKa no 118

AK BMAHO 3 Tabauui 2, gna nepenadi HaTypPanbHOrO AMHAMIYHOrMO Aiana3oHy
noTpibHa BMCOKOAKiICHa anapaTypa (3 BEeAMKMM 3amacom NiHIMHOI 4acTUHMU
amMnNiTygHOi XapaKTepucTtuku). B 6GinbwocTi BMNaAKiB AMHAMIYHMK  AianasoH
NepBUHHUX 3BYKOBMX CUTHA/IiB NEPEBULLYE MOXKANBOCTI aHanorosmx 3acobis 38'A3Ky
Ta MOBANEHHA. Tomy npu X BUKOPUCTAHHI [0BOAUTLCA 3a3ganerigb CTUCKATH
AVHaMIYHMW Aiana3oH abo X MUPUTMCA 3 NOABOK 3HAYHMX CMOTBOPEHb Y TPAKTI
nepegadi. [nAa CTUCKAHHA AWMHAMIYHOrO Aiana3oHy BUKOPMCTOBYETbCA nonepegHA
AVHaMmiyHa 0b6pobKa curHany.

MpoTe, HeobXigHICTb CTUCKAHHA AWMHAMIYHOrO Aiana3oHy Moxe 6ytu
BUK/IMKAHA He TiNIbKM TEXHIYHMMW MOXKAMBOCTAMW anapatypu. Po3rnaHemo
KOHKPETHMIN npuKnag,. Hexan y Hac € AeAKUA 3BYKOBUMN CUTHAJ, AKUM MAE Aiana3oH
3MiHM piBHA 6ina 70 0b. Ha pucyHKy 18 npeactaBneHMin ¢parmeHT piBHErpamu
TAKOro CUrHany, Ae oAHo4YacHO BigobpaxkeHi AK NiKoBMW, TaK i ycepeaHeHUM 3a
AEAKUIM Yac piBeHb CUrHany. Ha gaHin piBHerpami MOXKHa MOMITUTH, WO Ha rpadiky
NiKOBMX PiBHIB € 6araTto AyXe KOPOTKOYACHMX MiKiB, AKi MaKe He BNAMBAKOTb Ha
ycepeaHeHUM piBEHb Ta FNYYHICTb.

Kpim Toro, akwo mn xovyemo 6e3 cnoTBOpeHb Nepeaaty TakKUi AUHAMIYHWUIA
Aiana3oH, To, Wwob Hahcnabuwi 3ByKM He "NOTOHyAM" B Wymax, a MikKKM CUTrHany He
BMK/IMKANM CNOTBOPEHb, MW MOBUHHI MATK BiAHOLEHHA MAaKCMMAZIbHOTO 3ByKOBOTO
TUCKY, WO BiATBOPIOETLCA Yy CAyXaya, A0 PiBHA LWYMY Ha MiCLi NPOCAYXOBYBAHHA MO
MeHWin mipi Ha 8 — 12 06 Ginblwe HiXK Pi3HMUA MK MiIHIManibHMM Ta MiKOBUM
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Puc. 18. ®parmeHT piBHErpamm 3ByKOBOro CUrHany

piBHEM Ha piBHerpami. 3 iHWoro 60Ky, piBeHb LWYMYy Y MICbKi KBAapTUPi 3a3BUYaAN
HabaraTo BWLLE, HiX Yy KOHUEPTHOMY 3ani, a TMM binbluie y CTyAaji, cknagatoum y
cepegHbomy 30 — 35 0b. AKWO Npun LbOMY He NigHIMATM 3BYKOBOIrO TUCKY A0 PiBHS,
KON 3BYK BXKe byae apatyBatm cycigis (ue 6amsbko 80 06), To Tuxi micua y
3BYKOBOMY CUrHani OyayTb MOBHICTIO 3araywatuca WymMomM Y KimHaTi. Mpwu
BiACYTHOCTI cyciaiB 3'ABNAETbCA iHWeE OOMEe)KeHHA — AKWO MigHATU TY4YHICTb
HACTINbKK, W06 HaBiTb HANTUXIWIi Micua Y 3BYKOBOMY CUTHaNi NepeKkpuBann piBeHb
KIMHATHOro WyMy, TO Ty4Hi akopgM Ta TOHWM OyayTb yparaHOM BMpPMUBATUCA 3
AVMHaMiKiB (Npy ymoOBi, 3BMYalHO, WO BOHM 34aTHi ue sutpumatn), i 12006
3BYKOBOrO TUCKY ByayTb ""cnantoBatu" Hall cayx.

UWo » pobutn, Koanm AMHAMIMHMWA fAiana3oH 3BYKOBOrO CUFHa/Ny 3HAYHO
nepesBuLLYE MAKCMMAZIbHO AONYCTUMI MeXi? Buxig, 3 TaKoro nONOXKeHHA 3HOBY
nigKasye piBHerpama. AKLLO yBa*KHO NoAMBUTUCA Ha Byab-AKy piBHerpamy "»kusoro"
3BYKY, TO MOXHA MOMITUTK, WO AyXKe ry4yHi Ta 3aHAATO TUXi 3BYKM CKAa[A0Thb AvLle
Many YacTUMHY Bi4 3arasfbHOro 4acy 3By4aHHA. OTXe, AKWO 3MeHLWWUTU piBeHb
HANTYYHIWKWX CUTHANIB i NIAHATM piBEHb HAUTUXIWKX, TO Mepenag PiBHIB CUrHany
CTaHe Habarato meHWMM. Take peryntoBaHHA i 3BeTbCSA CTUCKAHHAM (KomMnpecieto)
AVHAMIYHOro gianasoHy i moxe byTn 3pobneHe AK BPy4YHY, TaK i aBTOMATUYHO, 3a
AOMOMOroH0 CneLialbHOro NPUCTPOID, AKUIA HAa3UBAETLCA KOMIPECOPOM. AKLLO 3BYK,

LLLO BiATBOPIETLCA, € 3HAMOMMM 3BYKOPENKUCEPY, TO Pe3y/ibTaT PyYHOro CTUCKAHHA
3a3BMYAM 3BYYMTb NPMPOAHILIE, HiIXX NPW MOBHICTIO aBTOMATU4YHIM Komnpecii,
OCKiNIbKM KOMNpecop pearye i3 3anisHeHHAM, TO4i AK N0ANHA MOXKe 3aBYACHO BXKUTU
HeobXxigHMx 3axoaiB. 3 iHWoOro 60Ky, py4yHe peryatoBaHHA — Lie NPoLEeaypa, WO AyKe
BTOMJIIOE.
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€ LWe 0aVH pe3epB 3MEeHLWEeHHA ANHAMIYHOTO Aiana3oHy. 3BepHeMocCA 3HOBY A0
pucyHKy 18. Ak B)Ke 6yn0 3a3HaYeHO paHille, KOPOTKOYACHI NiKM PiBHA MPaKTUYHO
He BN/JIMBAOTb Ha 3ara/ibHy ycepeaHeHy ry4HicTb, i AKWO 6 iXx MoXKHa b6yno 3BecTn Ao
cepefHbOro piBHA, TO HEOOXigAHWI AMHAMIYHMI Aiana30H 3BYKOBOTrO TUCKY Y CyXaya
MO*KHa 6yno 6 cKopoTuTK Ha Ti cami 8 — 12 0b, Ha AKi NiKOBI pPiBHI BiAPI3HAIOTLCA Bifg,
cepegHix (a ue nopaaky 10 pasiB No NOTY*KHOCTI). Bpy4yHy BigcniakyBaTh TaKi MNiku
HeMOXXMBo. Tomy ix "3pizaHHA" NOBWMHHO BWKOHYBAaTUCb AMLIE ABTOMATMYHO.
HannpocTiwnmm YMHOM LULe MOXKHA 3pobuTM 3a ponomoroto HesiHepuinHoro
obmexyBaya — Kginepa, AKUIA 3pi3ye BEPXiBKM XBWAI CUFHANY Ha MEBHOMY piBHi
(puc. 19, BepxHs KpuBa). MoAibHi NpPUCTPOi CMABHO CNOTBOPHOIOTL 3BYK, TOMY iX
BUKOPUCTOBYIOTb TiIIbKK ANA nepesadi MOBW.

ONna My3uKanbHUX CUTHANIB iCHYE OBinbll CKNAAHWUM MPUCTPINA, AKUMA LWIBUAKO
3MIHIOE CBiM KOeQiLiEHT NiACMNEHHA NpPXM NepeBULLEHHI CUTHANOM AesKOro pPiBHSA
(nopory), He cnoTBOptOOYKN NpU LbOMY GOpMYy XBWUAI. TaKKUIA NPUCTPIA HA3UBAETbCA
nimimepom (abo KOPCTKMM Komnpecopom, abo iHepuilHMM obmerkyBayem).

Pe3ynbTaT M10ro poboTn NOKa3aHUIM HA HUXKHIN KPUBIM pUCYHKY 19.
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Puc. 19. Ocumnorpama, Wo intoCTpye poboTy Kninepa (BepxHA KpmBea)
Ta NimitTepa (HUXKHA KpMBa)

AKWO NimiTep NPaUIOE TiIbKM Ha NiKax PiBHA, TO MOro poboTa MPaKTUYHO He
NOMITHA HA CAyX: TYYHICTb 3a/MLWIAETLCA MonepeaHbold, a MiKOBI PiBHI MOMITHO
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3HUXKYIOTbCA. [lpy  yacTiwomy cnpautoBaHHI NimiTepa 3BYYaHHA MY3UMKM CTaE
MOHOTOHHMM Ta "OPCTKiWMM", OCKINbKM YCi TYYHi MiCLA MOYMHAOTb MAaTU OOMH i
TOM CaMMi piBEHb — CMOTBOPHOETLCA BanaHc PiBHIB, NpOTe 3arajibHa ry4YHicTb (Npwu
HEe3MiHHOMY nopo3i NiMiTyBaHHA) NOMITHO 3pocTae. Uum edektom uyacTo
KOPUCTYIOTbCA ANA NiABULWLEHHA cyb’eKTUBHOI ry4HOCTI Nepeday y pagioMoB/EHHI Ta
NpW 3anNUcy TaHLUOBAIbHOT NOMN-MYy3UKMU.

CTUCKAHHA AMHAMIYHOrO AianasoHy — ue iCTOPUYHO neplie i No uer yac
HaMNOLWMPEHiWe 3aCTOCyBaHHA MNpuAadiB AuHamiyHoi 06pobKku. [poTe, Ha
KOMRMpPeECii CBIT KIMHOM He 3iliWwoBcs, i 06pobKa ANMHAMIKM CUrHANy He 3BOAUTLCA
inwie A0 MOro CTUCKAHHA.

3a BMAoOM 06p0bKM, LLO BUKOHYETLCA, AMHAMIYHI NPOLLECOPM MOXKHA PO3A4iINNUTH
Ha 6 OCHOBHMX KNacCiB:

1) nimiTepu (iHepuinHi obmerkyBaui);
2) Komnpecopwu (cTUCKaTeni);

3) reiTtK (NOpOroBi WYMONPUrHiYyBadi — BiacCiKatloTb cnabki curHanu);
4) ekcnaHaepw (po3wmnproBayi — BUKOPUCTOBYIOTLCA AN1A BiAHOB/EHHSA
ANHAMIYHOrO Aiana3oHy NiciA MOro CTUCKAHHA KOMMNPECoOpPoMm);

5) AnHamiyHi eKkBanamsepu Ta Mikwepwu;
6) NCUXO0AKYCTMYHI Npouecopu.

OcTaHHi ABa Knacu npouecopiB € A0BOAI CKAAAHMMM CUCTEMAaMKM U OMUC
NpUHUMNIB iX poboTn notpebye AoknagHiworo po3rnaay. MoyHemo 3 ANHAMIYHUX
eKBanarsepis..

3aranom ekBanamsepu byBatoTb rpadiyHUMM Ta NapameTpudHumMmmn. pagiyHul
eKeasalsep — ue Habip napanenbHo 3’€AHAHUX CMYroBUX INbTPIB, KOXKEH 3 AKUX
BiANOBIAAE 3@ NPOMYCKAaHHA CUrHaNiB Yy CBOIM BAACHIM CMy3i 4acToT. PiBeHb
NPOMNYCKaHHA CUTHAaNYy B KOXHiA CMy3i 3aa€TbCA perynatopom-nos3yHKom. Habip
pPerynATopiB-noB3yHKiB Haragye rpadiyHe 3aBAAHHA  aMNAiTyAHO-4YaCTOTHOI
xapakTtepuctmuku (AYX) curHany, wo obpobnaetbca. Tomy Len ekBanamnsep i Ha3Baau
rpadiyHmMm.

Mapamempu4Huli _eKeanali3ep [O3BOASE HE TiNbKM 33a4aBaTM  KoedilieHT

nepegadi, ane m 4actoTy, Wo 0bpobnaeTbca, Ta WUPUHY CMyrM 06pobKUK. B geakmx
MOZAENAX iICHYE TAKOX MOMK/AUBICTb 3a4aBaT ANA KOXHOI 3i cmyr TMN pinbTpa. Takum
YWMHOM, NapPaMETPUYHI eKBanam3epu MatoTb NO TPU OPraHU KepyBaHHA ANA KOXHOI
CMYTU peryntoBaHHA. Npuyomy gianasoHu 3miHW NapameTpiB MOXKYTb CAraTU BENbMMU
iICTOTHUX BENUNYUH.
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duHamivyHuli _ekeanalizep € pPi3HOBMAOM OLHOCMYrOBOro MapamMeTpPUYHOro

eKBasaln3epa 3 AMHAMIYHMM KepyBaHHAM YacTOTOK HACTPOMKW, NiACUNEHHAM Ta
CMYTO MPONYCKAHHSA.

McuxoaKycTUUHI npouecopu
[lcuxoakycmuy4Hi_rnpoyecopu — ue ocobamsi npunaam, WO NOEAHYOTb Yy CODbi

BiApa3y AeKinbKa cnocobiB 06pobKM 3ByKOBOro cmrHany. Pobota NncMxoaKyCTUUYHOrO
npouecopa 6a3yeTbca Ha BUKOPUCTAHHI AyXKe TOHKUX, CKPUTUX abo ManoBigommux
0cobMBOCTEN CAYXY NOAMHWU, TOMY BOHA CNPUMMAETLCA Pi3HUMMU CayXavyaMu no-
pi3HOMY. Ha npaKTuui AK NCMXOAKYCTUYHUM MPOLLECOP BUKOPUCTOBYIOTb AEKiNbKa
TUNIB NPUNAAIB, TAaKNX AK €HXAHCEepPW, eKCanuTepun, MaKCMman3epu, BiTanamsepu Ta
CNeKTpabHi Npouecopu.

EHxaHcep (enhancer) — ue oAWH 3 HaMNepLWMX NCUXOAKYCTUYHMUX NPOLLECOpIB.
Lleit npouecop Bunyckascsa (i BUNycKaeTbea No Uek yac) baratbma dpipmamu. Y Hawin
KpaiHi uer Knac npuctpoiB Hambinbw Bigomui no anapatypi ¢ipmu Alesis. Llen
npouecop A03BOASE Y OINbLWIOCTI BUNAAKIB 3p0OUTU 3BYYaHHA Aelo YiTKiWum Ta
A3BiHKMM. OcobnMBO AOLINBHUM € MOro BMKOPUCTAHHA AnAa 0bpobKn oKpemmx
3BYKiIB, B AKMX NepeBaXKatoTb Pi3KK aTaku (yaapHi, "3anizo" iT. i.).

DaKTMYHO eHXaHcep — Ue eKcnaHaep, ane Takuh, WO Mpautoe auvwe y
BMCOKOYACTOTHI 06NnacTi cnekTpy 3BYKOBMX CUrHaniB. Y3arasbHeHa CTPYKTypHa
cXxema npegcTraBneHa Ha pucyHKy 20. BxiaHuii curdHan notpannse Ha ¢inbTp (1), wo
BUAINAE 3 YCbOrO CMNEKTPY Ti/IbKM BUCOKo4YacToTHi (BY) cknaposi. Ha enemeHTi VCA
(2) 3miicHIOETbCA KepyBaHHA aMNAiTyA0l0 BiadinbTPOBAHOro curHany, Nicis 4yoro B
cymatopi (3) pe3y/nbTyrounii cUrHan A0OA€ETbCA A0 NOYATKOBOro curHany. Kepytoya
Hanpyra ana VCA Bupobnaetbcs 610KOM KepyBaHHA (4) Ha ocHoOBi aHanisy B
CKNaf0BUNX BUXIAHOMO CUTHANY.

A\ 4
[EN
A 4

X

2p
Bxin v Buxin
B— —3

A 4
w

Puc. 20. Y3aranbHeHa CTPYKTYpHa cxema eHxaHcepa. Ha cxemi: 1 — ¢inbTp BY,
2 — Kepytoumit enemeHT (VCA — Voltage Control Amplifier), 3 — cymaTop,
4 — 610K KepyBaHHA.
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PisHi mopgeni eHxaHcepiB BiAPI3HAOTLCA MiX COOO0, TOJIOBHMM UYMHOM,
XapakTepuctMkamm ¢inbTpis BY T1a anroputmom poboTn 1 KepysaHHA. lpoTe, He
AVBNIAYMCD HA BiAMIHHOCTI, BCi €HXaHCepu MOXKYTb TibKWM 36inbwyBatn gonato BY
CKMIAA0BUX B CyMapHOMy BuXigHOMy curHani. Lle po3sonsae 3pobutn poboty
eHXaHCepa MeHLW MOMITHOIK Ha cnyx Ta Binbw *Kueoto. MpuK LbOMY 3aroCTpPIOKTbLCS,
CTaloTb YiTKILLMMM TiNbKM MOMEHTWU aTaKW yAAPHUX IHCTPYMEHTIB, @ Ha 3arasibHUMn
CurHan poboTa eHxaHcepa MNpPAKTUYHO He BMNAMBAE. 3aBAAKM LbOMY Kpalle
npopobatotoTbea ApPibHI AeTani 3ByKOBOI KAPTUHMU, 3BYYaHHS CTAa€ aKLUEHTOBAHILLMM.

Ekcalimep 3 MOMEHTY CBOEI NOABU HAaNPUKiHLi 70-X pOKiB MMUHYNOro CTONITTA €
HaNMONYNAPHILKWM Y CBiTi NCMXO0AKYCTUYHUX NpouecopiB. MOXKHa BBaXKaTu, WO came
3 HbOrO NoYasaca epa NCUXO0AKYCTUYHUX npouecopis. Cepen pipm, AKi 3aMmatoTbCA
BUPOOHMLTBOM MCUXOAKYCTUYHMX NMPOLECOPIB HEMAE KOAHOI, AKa 6 He BMNyCKana
Xxo4ya 6 ogHiel moaeni ekcanTepa. PogoHavyanbHUKOM BUMNYCKY LMX NpouecopiB 6yna
dipma APHEX.

MpuHunn poboTn eKcalTepa MNOAATAE y TOMY, WO A0 BUXIAHOrO CUrHany
NiAMILWYIOTbCA A0A4ATKOBI FAPMOHIKW. B 3aneXHOCTi Big TOro, AKi FapMOHIKK
A0430TbCA — NAPHI YN HENAPHI — 3BYYaHHA POBUTLCA rocTpnm abo pisKMMm.

Bci ekcanTepu, WO BUNYCKAKOTLCA PisHUMU PipMmaMKn MAtOTb CXOXKi CTPYKTYpMU.
TunoBa cxema ekcanTepa nNokasaHa Ha pUCyHKy 21. CurHan, wo noTpanafe Ha BXiA
eKcalTepa, pO3ranyKyeTbCA Ha ABa: OAWMH 3 HWUX NoTpannfe H6esnocepegHbO Ha
BUXIAHMIM CymaTop, a iHWKA CNPSAMOBYETbLCA B NaHUOrM obpobku, nicna AKMX BiH
AO00QETLCA A0 NPAMOro HeobpobaeHoro curHany.

Tune Peeking
Brightness
2 ~ —»Bﬂ—r 4 Mix

\ 4
w

L./.j

Bxin Vox / Wide

Buxing

<
«

A 4
o1

Puc. 21. Tunosa cxema ekcanTepa. Ha cxemi: 1 — BXigHWI nigcmntoBay, Lo
peryntoeTbea, 2 — cneuianbHui GinbTp BY, 3 — reHepatop rapmoHiK,
4 — cymaTtop curHany epekrty, 5 — BuxigHmMn cymaTtop.
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B naHutory obpobKM eKcanlTepa CUrHan CnoYaTKy MNOTPanasie Ha BXiAHMN
nigcunosay (1), Wo perynoeTbca, Ta 3a AOMNOMOMOK AKOrO MOXKHA nigibpatu
HeobXigHY BENNYMHY 3aBaHTaXKeHHA (piBeHb 36yAKeHHA) reHepaTopa rapMoHiK (3),
LLLO 3HaxoAuMTbca nicaa cneujianbHoro ¢inbTpy BY (2). Llein dinbTp mae ocobamsi AYX
Ta ®YX, AKi 403BONAOTL NPU NOAANbLIOMY CyMyBaHHI 06pobsiieHOro Ta npamoro
CUTHaNiB OTPUMATM "pO3WMPEHHA" KOPOTKUX iIMMNYNbCiB Ta, AK HACAIAOK, AeLlo
36iN1bWKTK iX CY6’EKTUBHY MYYHICTb, WO CPMMMAETbCA. Y cneuianbHomy ¢inbTpi (2) €
perynaTop HacTporku yYactotm (Tune), wo Ao3sonae obpatn ana obpobkm HarkaHy
YaCTUHY CMNEKTPY BXiAHOrO 3BYKOBOrO CUFHa/y, a TAKOX Perynatop AoO6pOTHOCTI
(Peeking), WwWo A03BONSIE CTBOPUTU A0AATKOBUM aKLEHT Yy 3By4YaHHIi. Kpim yboro B
¢inbTpi € nepemukay (Vox/Wide), wo KapAuHaNbHMM YMHOM 3MIHIOE XapakTep
poboTu i, BianoBiAHO, 3By4aHHA eKcauTepa, ocobimBo B obnacTti cepeaHiXx 4acToT.
Micha ¢inbTpauii cMrHan 3HOBY PO3rafyXKyeTbca Ha ABa. OAMH 3 HWUX NOTPanAse
NPSMO Ha cymaTtop curHany edekty (4), a iHWKMA — NOJAETbCA HA KepyBaHHS
reHepaTopom rapmoHik. B reHepaTopi (3) Ha ocHOBI iHOpMaLii NPO BXiAHWI CUTHaN
34INCHIOETbCA TeHepaLia BULWMX TAPMOHIK. Mpu UbOMY CUHTE3YETbCA, FOOBHUM
YMHOM, ApPYra rapMoHika (AK 6,1aro3By4yHilla), a TakoX LWe AeKiNbKa, afe 3Ha4yHOo
MeHWoi amnaiTyan. CMHTe30BaHi rAPMOHIKM NOSAKTLCA HA CyMATOP CUTHANY edekTy
(4) uepes perynatop (Brightness), aAknit 403BONAE BCTAaHOBUTU iX BarkaHy BEANYUHY Y
3aranbHOMYy curHani. Notim chopmoBaHUIA CUTHaN 3a gonomoroto peryaatopa (Mix)
3MILIYETLCA 3 MNOYATKOBUM CUTHaslOM Yy BUXiaHOMy cymatopi (5). Pyuka (Mix)
$aKTUYHO peryntoe BenndnHy edpekTy aii ekcamTepa.

Mo 3BYKy eKcanTep BiAHOCUTbCA A0 TOIi FPynu MpUCTpOiB, poboTa AKUX
HEeNnoOMiTHa AOKM iX He BMMKHYTU. [lpM 3acToCyBaHHi eKcanTepa i3 3BYKY 3HMKAE
"BaTHiCTb". 3BYK CTa€ YiTKMM Ta npo3opum. [lia ekcaritepa OCHOBAHA Ha CKAaAHOMY
NPOLLECi, AKMA BPAXOBYE KOMMJIEKCHUN XapaKTep CNPURHATTA 3BYKIB /IIOACBKUM
Byxom. EdeKT, AKMIN BHOCUTb €EKCauTep HEMOXK/IMBO OXapaKTepusyBaTM 3a
Aonomoroto umdp. Llen edbektT HOCUTL nwe oNMCoBMIM xapaKkTep. MOoXHa cKasaTtw,
LLLO NPU Aii ekcanTepa 3BYK CTAE Haye "KMBMM" Ta noymHae "auxatn".

Makcumalizep € AelL0 CXOMMM Ha eHxaHcep. Ane rolloBHa MOro BigMiHHICTb

NoNArae y Tomy, WO MakCMMansep 34aTHMIN npautoBaTth AK "B natoc”, Tak i '8 miHyc".
OCHOBY CXeMW MaKCMMal3epa CKNajalTb ABa Perynatopu Tembpy No HU3bKUM
yactotam (HY) Ta no BY. Mpwu ybomy perynatopom HY KopucTyBay MoxKe KepyBaTu
cam, a perynatopom BY Kepye cama cxema. [MpubamsHa cnpouieHa cxema
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MaKCMMmam3sepa NoKasaHa Ha PUCYHKY 22. CUrHan 3 BXo4y MakCcMmansepa noTpannse
Ha peryaaTopu Tembpy (1) Ta (2), a TakoK ogHo4yacHo Ha Aga ¢inbTpu BY (3) Ta
cmyrosmin (4). Mpu uybomy PBY, BianoBiAHO A0 CBOEI Ha3BW, BUAINAE TiNIbKK
BMCOKOYACTOTHI CKnagosi, a cmyrosuin ¢inbtp (CP) — TiNbKKM cepeaHi 4acToTH, LWO
NeXatb HUMXKYe cmyrn nponyckaHHAa ®BY. CurHanm uux ABOX CMYr 3BYKOBMX YacCTOT
noTpannsaloTb B 610K KepyBaHHA (5), AKMN NOPIBHIOE iX BEIMUYMHMU i HA NiACTaBI LbOro
NMOPIBHAHHA BUPIWYE, WO pPOOMTU 3 BUCOKMMM YacTOTaMM — MigHIMATU UK
ocnabntoBatn. BignoBiaHWI cMrHan nogaetbca Ha perynatop tTembpy BY (2). Akum
YMHOM 34iNCHIOETLCA PEryOBaHHA BUPILLYE MaKcMMansep. Kopnctysay moxe numiie
BCTAHOB/IOBATU MeXi MMUOMHU LLbOro pPerysitoBaHHA 3a AOMOMOrOK ChewialbHOro
perynatopa (Definition) — yiTKicTb.

Bxig Buxia
@ > 1 >
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lﬁﬂTune
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Puc. 22. CnpouieHa CTpYKTYpHa cxema Makcumarsepa. Ha cxemi:
1 — perynatop tembpy HY, 2 — perynatop Tembpy BY, 3 — pinbTp BY,
4 — cmyrosuii dinbTp, 5 — 610K KepyBaHHS.

BoueBnab, HalKpalwe 3acTOCyBaHHA MaKcMmansepa — ue o06pobka
LUMPOKOCMYFOBMX CUrHaniB. PaHiwe Ui npuctpoi 6ynn gyxke nonynapHumu. MpoTe,
CbOrOAHI MaKCMMaM3ep BXKe MalKe He BUKOPUCTOBYETLCA.

Bimanalizep € 3BMYAaWMHMM  po3wWwMptoBayem cTepeobasn, npote 3
OpUriHabHUMM eKkBanarsepamu. e npunag € po3pobKoto HimeupKoi dipmm SPL.
BiTanaisep mictutb y cobi AoBONI CBOEPIAHUI "NCUXOAKYCTUYHMI eKBanansep", a
TAKOX, TaK 3BaHMM, Surround-Processor. OCTaHHIN € TpMBiaIbHUM PO3LIMPIOBAYEM
ctrepeobasu.
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PoswwnptoBay ctepeobasn abo CTepeoKapTUHU A03BOASE HIOUTO PO3CYHYTU
3BYK y BOKM, 3BYK MPU LbOMY CTa€ 06’eMHilLE, a B AeAKUX BMMAAKaX i Npo3opilue.
JocaraeTbca ue 3aBAAKM 36iNblUEHHA PI3HUUI MiX NpaBMM Ta NiBUM KaHanaMMu.
TobTo yci axxepena 3BYKy, AKi 3HAXOAM/INCA HE B LEHTPI NaHOPaMK, pO3CyBatoTbCA B
H6OKM Ha BiACTaHb, WO NPAMO NPONOPLiIMHA 3HAYEHHIO PO3WNPEHHA. [leTanbHiwe 3
TEXHO/IOTE PO3LWMPEHHSA CTEPEO MOXHA 03HaMommTUChb B poboTtax [9, 10].

LLlo o ekBanar3epa, TO BiH CKNAAAETbCA 3 ABOX YAaCTMH, WO Ait0Tb NPaKTUYHO
He3aneXHo OJHa Bi4 OAHOI. 3arasibHe y HUX TiINbKU Te, WO, KPIiM OKpemux
PEerynsaTopiB Ha Pi3Hi CMyrM CnNekTpy, € M 3araJibHUN PerynaTop, WO BCTAHOBKE
rMMBMHY BNAMBY BiApasy YCiXx TeMOpPOyTBOPHOOYMX NAHLUIOMB Ha CUrHaA, LWo
06pobnaeTbea. Lle gocaraetbca 3aBAAKM TOMY, WO Y BiTasal3epi 3aCTOCOBYETLCA TaK
3BaHMI "mapanenbHuin" npuHUMn nobygoBum TpaKTy o6pobKu. Mpu ubomy pi3sHi
YaCTOTHI CKM1aAoBi cUrHany edeKTiB CNoYaTKy NiACyMOBYHOTbCSA MiXK CcobO0lt0, i TiNbKK
NnoTiM A04at0TbCA A0 NEPBUHHOIO CUTHANY.

Llle oguH npunag, AKMA BIAHOCUTBLCA A0 NCUXOAKYCTUYHUX MPOLECOpPiB — Le
cnekmpansHul npoyecop dipmun Aonbi (Dolby Spectral Processor). Llen npouecop

no cyTi € oAHMM 3 pi3HOBMAiB 6aratocmyroBmx Komnpecopis. [lpoTe, Big
KOMNpecopiB MOro BiApi3HAE Te, WO BiH 06p0OAAE TiNbKM CUFHANN HU3bKOFO PiBHA i
abCcoNIOTHO He 3a4inae CUNbHUX cUrHanis. Mpunag MicTUTb ABA IAEHTUYHUX KaHAN 3
MONUBICTIO iX 06’egHaHHA y cTepeonapy. KOXHUIM KaHan MICTUTb TPbOXCMYTOBUMA
KpOCOBep 3 YacToTamMu po3ainy, Wwo peryatotTbca Big 75 My po 1 KMy gna posainy
HY/CY Ta Big, 500 My ao 8 kl'y — ana posainy CY/BY. Y KOXKHiM cmy3i YyBIMKHEHUI
ocobnmsuit Komnpecop. Moapobuui Moro KOHCTPYKLIT Ta poboTu, Haxkanb, Pipmoto
He PO3KPMBAIOTLCA, TaK CaMo AK i MOro xapaktepuctnkun. MNpu poboTi Komnpecopa
CUTHAAM 3 PIBHAMW HUXYMMKM 3@ nNoOpir (mopir cnpayloBaHHA BUCTABAAETLCA
KopuctyBayem Big —60 06 ao —40 06) MOXKyTb NiACMAIOBATUCA HA BEIMYUHY aXK A0
20 0b, AKa BUCTAaBNAETLCA 33 AONOMOTOK PErynAToOpPiB AN1A KOXHOI CMYTrM OKpPeMo.
Mpn LbOMYy YCi CMrHaNM, WO MalTb PiBEHb BULLIA 33 NOPOrosmin, abcontoTHO He
3avinatotbca. Lle po3sonsae edekTMBHO "BUTAraTM' HaBiTb HaMAapibHiwi aetani
3BYKOBOI KapTUHM, AKI 4YACTO MACKYHTbCA CUAbHIWMMKM 3BYKamu. Kpim TOro,
NoTpibHO BpaxoByBaTM TaAKOX TOM (aKT, WO ANA Cnabkux curHanie AYX cnyxy €
CYTTEBO HENiHiMHOW, TOBTO CnabKi HM3bKO- Ta BMCOKOYACTOTHI CKIaAoBi 3BYKY
MOHa NPOCTO He NoYyTu. NMpuKnaa uboro MOXHa CNOCTEPIraTy Ha KiHUiBKax NiceHb,
Wo 3aTyxatoTb. CneKTpasbHIM Npouecop MoXKe 3pobuTn TaKi micua piBHIWKMMMN,
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TAaKMMMU, LLO HE 3MIiHIOKOTb CBOrO TeMbpasbHOro 3abapBaeHHA HaBiTb Y HAUTUXILLNX
OINAHKaX.

Micha 06pobKM UMM NPOLECOPOM 3BYK CTAE KOHKPETHIWMM, TaKMM, LWO
PO3pPI3HAETLCA HaBiTb Y HanApibHiwnx aetanax. MNpu UbOMYy 3aranbHa AMHAMIKa
CUFHANY MPAKTUYHO HEe 3MIHIOETbCA, TaK CaMO AK He 3MIHIOETbCA | XapakTep
nepexigHMX NPoUEeciB Ha aTakax MY3UYHMUX iHCTPymeHTiB. Camo 3By4YaHHs HabyBae
LinbHOCTI Ta "cokoBuToCTI".

3aranom, XapaKTepusykunm MNCMXOAKYCTUYHI npouecopu 3a iX BMJIMBOM Ha
3BYKOBWI CUTHAN, KU 0BPOBNAETLCA, MOXKHA 3a3HAYUTU, LLO NPAKTUYHO BCi BOHU
HE MaloTb AKUXOCb KIiNbKICHUX XapaKTepuUCTMK, fAKi 6 Mmanu BigHOLWEHHA A0
napameTpis, WO ONUCYIOTb 3BYK. 3a4eb6inblioro epeKr Big, ix poboT MOXKHA OLIHUTH
nLe AKICHO.

3.3. HacToTHMM Apiana3oH Ta CNeKTpu

3BYKOBMW CUTHAA Bif, KOXHOIO 3 NEPBUHHUX OXKEPEn 3BYKY, AK NPaBUIO, MAE
dbopmy Ta cknag, cnekTtpy, wo 6e3nepepBHO 3MiHIOKOTLCA. CNEKTpU MOXKYTb OyTH
BMCOKO- TAa HW3bKOYACTOTHMMM, AUCKPETHUMM Ta HenepepBHUMMU. Y KOXKHOro
AXKepena 3BYKY, HaBiTb O4HAKOBOro TUNy (HanpuKNag, CKPMNKA y OPKECTpi), CNeKkTpu
MatoTb iIHAUBIAYaNbHIi 0COHBAMBOCTI, WO HAZAE 3BYYAHHIO XapaKTepHe 3abapBaeHHs.
Lle 3abapBneHHA Ha3uMBaloTb mMemMbpom. ICHYE NOHATTA TeMbpy My3UUYHMUX
IHCTPYMEHTIB, @ TaKOX TeMbpy ronocy: A3BiHKUN, KON NigKpecneHi BUCOKOYACTOTHI
CKNafoBi, abo rnyxmi, KoM BOHW MPUTHIYEHi. B neplly yepry uUikaBnATb: cepeaHin
CNEeKTPp ANA AXKepen 3BYKY KOXKHOFO TMMy, a ANA OUiHKM CMOTBOPEHb CUFHANy —
CMNEeKTP, ycepeaHeHU 3a TpuBanui iHTepsan 4vacy (15 cek. — gna iHpopmauinHmx
curHanis T1a 1 x8. — oA XyA40XKHix). YcepegHeHU CNEKTP €, AK NPABWIO, CYLiNbHUM i
AOCTaTHbO 3rNagKeHUm 3a Gopmoto.

CyuinbHi CNeKkTpn XapaKTepusytoTbCA 3aNEXKHICTIO CNEKTPaNbHOI FYCTUHU Big,
yacTtotn [11]. Lito 3aneKHiCTb Ha3MBalOTb EHEPreTUYHUM cnekTpom. CrieKmpasnbHOK

2YCMUHOK HA3UBalOTb IHTEHCMBHICTb 3BYKY Yy CMy3i 4acTOoT 3 LWWPUHOLO, LWO
AOPIBHIOE OAMHULLI YaCTOTH.

Inr
S=15 (14)
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Ae [z — IHTEHCUBHICTb, W0 BMMIipAHA 32 4ONOMOTO0 By3bKOCMYroBux ¢inbTpis. Ana
aKyCTUKM WnpuHy cmyrn AF 6epyTb pisHoto 1 I,

[OnAa 3py4yHOCTI OUiHKM BBOAMTLCA NorapudmiyHa Mipa ryCTUHU CMEKTpy
AHaANOr4YHO PiBHIO IHTEHCMBHOCTI:

S
B=10lg—, (15)
Iy

_ 2 . . . . . .
ne I, = 10712 Br/m* — iHTeHcMBHICTb, WO BiAnNOBigae HynboBOMY piBHIO. Liio mipy
HA3UBaOTb PiBHEM CIEKMPAaAbHOI 2ycmuHU abo cneKmpaabHUM pieHEM.

[yxe 4YacTo ANA XapaKTePUCTMKM CNEKTPY 3aMiCTb CNEeKTPaNbHOI TyCTUHMU
BUKOPUCTOBYOTb IHTEHCMBHOCTI Ta PiBHi IHTEHCMBHOCTI, BMMIPAIHI Yy OKTaBHIN,
HaniBOKTaBHiM abo TPeTbOKTaBHiN CMy3i YacToT. HeBaXKKO BCTAaHOBUTU 3B’A30K MiX
CNEeKTPaZbHUM PiBHEM Ta PiBHEM B OKTABHIiM CMYS3i.

CneKTpanbHWIN piBEHb B OKTaBHi CMY3i BU3HAYAETbCA BUPA3OM:

IzF,
B=10lg—2 (16)
AF,r * 1o
ae AF,,.. — WwMpunHa BigNOBIAHOI OKTaBHOI CMYTH.
PiBeHb B OKTaBHil CMy3i:
I
Lyer = 101g—20oer (17)
Iy
BigHimatoum 3 Bupasy (17) supas (16), oTPUMAEMO LIYKaHWUI 3B’ A30K:
Lowr — B = 10I1gAE,,. . (18)

Mpu BigOMOMY CNEKTPi CUrHany MOMHA BM3HAYUTM MOFO0  CyMapHy
IHTEHCMBHICTb. TaK, SAKWO CAEeKTp 33a4aHMW B PiBHAX IHTEHCMBHOCTI AnA
TPETbOKTAaBHUX CMYr, TO AO0CTaTHbO MepeBecTVM Ui piBHI (B KOMHiIM cmy3i) B
IHTEHCUBHOCTI:

Ioxr = 1o - 101 Lorer | (19)
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a NOTiM NPOCYMYBaTH BCi iHTEHCUBHOCTI. Cyma BCiX [, AAaCTb CYMapHY iIHTEHCUBHICTb
Iy &n5 BCbOTO CnieKTpy. ToAi cymapHui piseHb byae BU3HAYaTUCA BUPA3OM:

I
Leyw = 101g ZM . (20)

AKLWLO X CMEeKTp 33a[aHWUI Y CNEKTPa/SibHUX PIiBHAX, TO ANA BCbOTO CMEKTPY TOYHWUM
CYMapHWI piBeHb

Fy
Legw = 101gj 1091BgF (21)
FH

ae E, Ta F, — HWXKHA Ta BepXHA MeXi YaCTOTHOro AianasoHy. AKWO K YaCTOTHWUM
AianasoH po3A4iINTU Ha N CMYXKOK WUPUHOK AF,, B MeXax AKUX CNeKTpaabHWUN
piseHb Bj, € npubansHO nNOCTIHMM, TO 3arajJbHUMA CyMapHUA piBeHb byae
AOPiBHIOBATU:

n
Loy 101gz 100 BkAF, (22)
k=1

YacToTHUIM Aiana3oH aKyCTUYHOMO CUTHa/ly BU3HA4YatoTb 3 YaCTOTHOI 3a/1€KHOCTI
CNEeKTPanbHUX PiBHIB. Lle BU3HAYeHHA MOXKHa 3pobuTtn abo no cnagy cnekTpanbHUX
piBHiB, abo HabauxkeHo, Ha cnyx. Cy6’eKTUBHUMM TPAHMNLAMM BBAXKAIOTb MOMITHICTb
obmerkeHHA pianasoHy ana 75% cayxadis. B Tabauui 3 HaBeaeHo npuKnaam
YaCTOTHUX Aiana3oHiB 4Na paay NepBUHHUX gXKepen aKyCTUYHOro CUrHany.

Tabnuua 3. YacToTHI Ajana3oHu AeaKnUX AxKepen aKyCTUYHOro CurHany

O>xepeno YacTtoTHuM gianasoH, [y
Mosa 70 — 7000
CKpunKa 250 — 15000
OpraH 20— 15000
CMbOHIYHNI opKecTp 30 — 15000
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AKLWO CNeKTpM MaKTb NAABHWUIM cNag B TOW YK iHWKUIK BiK, TO iX LWe OUiHIoTb
meHOeHyier, TOOBTO cepefHiM HaxMNOM CMNEKTPaNbHUX PiBHIB Y BiK HU3bKKX abo

BMCOKMX 4YacToT. Hanpuknag, MOBHMIW CMEKTP Ma€ TeHAeHLUito cnagy y 6ik BUCOKMX
4acToT, Lo AopiBHIOE 6 06/0KM.

[0 aKyCTUYHUX CUTHANIB BiAHOCATb Y AEAKUX BMNaAKaX i WymM (akycTu4Hi). Ha
PUCYHKY 23 HaBeAeHi CNEeKTPM TPbOX TUMIB aKyCTUYHUX WYMIiB: H6inoro, poxeBoro Ta
MOBHOTrO.

B, 0b

<
60 // ~—

50 <\
40 o
\ 3 .

100 125 250 500 My 1 2 4 8 16 KMy

Puc. 23. CnekTpu TpbOX TUNiB WYyMiB: 1 — 6innii, 2 — porkeBuii, 3 — MOBHUI

Tepmin "6innin" BigHOCUTbBCA A0 LWYMIB, WO MaAOTb OAHAKOBY CMNEKTPA/bHY
FYCTUHY Yy BCbOMY YaCTOTHOMY Aiana3oHi, "poxkeBun" — A0 WyYMIiB 3 TeHAEHLUiED
cnagy ryctuHu Ha 3 06/0Kkm y B6iK BMCOKMX 4YacToT. MOBHI WyMn — Ue LWyMK, AKi
CTBOPHOIOTHCA OAHOYACHO PO3MOBOIO AEKINbKOX Nt0AEN.

3.4. MepBMHHUA MOBHUN CUTHan

KoXHin ntogMHi BhacTMBa BNacHa MaHepa BUMOB/IATU 3BYKK (CBOro poay YCHUM
noyepk). BUmoBa 3BYKiB 3aneXuTb, HanNpuKAad, Bif, Harosocy, CycCigHix 3BYKiB Ta
iHWKX pakTopiB. Pi3nyHi peanisaLii obmerxKeHOoI KiIbKOCTi y3arasbHEHUX 3BYKiB MOBM
Ha3nBalTb poHemamu. PoHema — Le Te, WO NANHA XO4Ye BUMOBUTU, @ 3BYK MOBU —
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ue Te, Wo ntoanHa GaktMyHo BMmoBaAe. PoHema NoO BiAHOLWEHHIO 40 3BYKY MOBMU
rPaE Ty X camy pob, WO i 3pa3koBa OyKBa, W0 Ha3MBAETLCA rpademoto (Hanpuknaa,
APYKOBAHA KYPCMBOM) MO BiAHOLWEHHIO A0 ii PYKONUCHOT GOPMU B KOHKPETHOMY
HaMWCcaHHi.

IMAynbCKM MNOTOKY MOBITPA, WO CTBOPHKTLCA TFON0COBMMM B'A3KaMKM 3
AOCTAaTHbOK TOYHICTIO, MOXYTb BBaxKaTuUCA nepiogndyHMmu. BignosiaHuM nepiop,
NMOBTOPEHHA iMMNYNbCiB HA3UBAIOTb NEPiogOM OCHOBHOro ToHy rosiocy T,. O6epHeHy
BennunHy Fy, = 1/T, Ha3nBaloTb YaCMOMOK OCHOBHO20 MOHY. AKLLO 3B'A3KM TOHKI |

CMNIbHO HAMpyKeHi, TO nepiog BMXOAUTb KOPOTKMM i 4YACTOTQ OCHOBHOFO TOHY €
BMCOKOI; AN1A TOBCTUX, CNabOKOHanpyXeHux 3B'A30K 4YacToTa OCHOBHOIO TOHY
Hu3bKa. Lla yactota ana Bcix ronocis nexutb B mexax Big 70 go 450 My. Mpwu
BUrO/IOWYBAHHI NPOMOBM BOHa H6e3nepepBHO 3MiHIOETLCA BiANOBIAHO A0 Haroaocy i
NnigKpecneHHa 3BYKIB i CNiB, a TaKoX nNpu nNpoaABi emouin (NUTaHHA, BUIYK,
3AMBYBAHHA i T. i.). 3MiHy 4acTOTM OCHOBHOro TOHY Ha3uMBaloOTb JHMOHauieo. Y
KO)KHOT NOAMHM CBill Aiana3oH 3MiHM 4YacTOTM OCHOBHOMO TOHY (3a3BM4Yall BiH He
nepeBuLLLYE OKTaBM) i cBOA iHTOHaUiA. OCTaHHA MA€E BeNIMKe 3HaYeHHA ANA BNi3HAHHA
TOro, XTOo roBopuTb. OCHOBHMM TOH, iHTOHaUiA, YycHWI "noyepk" i Tembp
(3abapBneHHA) ronocy MoxKyTb CyryBatu gasa BMNi3HaHHA NoguMHKU. Mpu upbomy Mmipa
AOCTOBIPHOCTI BMi3HaHHA byae BULLOLO, HiXK 3a Bigbutkamu nanbuis. Lo BAacTUBIcTb
BMKOPMCTOBYIOTb B PO3P06AEHilA OCTaHHIM YacoM anapaTypi, WO pearye nvwe Ha
neBHi roNocu.

Binomo, Wwo ana nepegayi 04HOro i TOro *K NoBiAOMIEHHA No Tenerpady i no
MOBHOMY TPaKTy nOTPibHa pi3Ha nNpPONycKHa 34aTHiCTb: Ana TenerpapHoro
nosigomneHHa He binbwe 100 6im/c, a ana mosHoro — 6amsbko 100000 6im/c
(cmyra 7000 Ny Ta gMHamiyHMi ajana3oH 42 ab, T06To NOTPIGHUIA ceMU3HAYHUI
Koa, 3Bigkn maemo: 2 - 7000 - 7 = 98000 6im/c), To6T0 B 1000 pasis binbLie.

Moe 34aTncA, WO MOBHWM CUFHA/N MA€E BeAMYE3HY HAANMLIKOBICTb. Lle He
30BCiM TaK. YTBOPEHHSA 3BYKiB MOBW BiAOYBAETLCA WIAXOM NOAadi KOMaHA 40 M'A3iB
aPTUKYNALIMHMUX OpraHiB MOBM Bi, MOBHOIO LEHTPY MO3Ky. Llnx curHanis He GinbLue
AEecATU, NPU LbOMY BOHW 3MiHIOIOTbCA NOBINILHO (Y TEMMi 3MiHM 3BYKiB MOBM, TOBTO
He binbluie gecaTn pasiB 3a ceKyHAy). ToMy 3arasbHUIM NOTIK NOBIAOMNEHb ANA HUX
cknapae 6ina 100 6im/c.

Pi3Ke 36inblieHHA 06'€My MOBHOIO CUrHay NOACHIOETLCA HACTyNMHMM. MOBHUM
CUIHaN € CheKkTpasbHO-moAynboBaHo Hecyyot & = E(w)-S(w), pne E(w)-
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CMEeKTP iMNynbciB OCHOBHOro ToHy abo wymy, S(w) — moaynauinHa (dinbTpytoya)
dYHKLiA MOBHOTO TPaKTYy.

B pe3ynbraTi cneKkTpanbHOI moAayAnAuii 3MIHIOETbCA CNiBBIAHOWEHHA MIiX
Mawke Bca iHhopMaLia NPo 3BYKM MOBW 3HAXOAUTbCA Y L CNeKTpasbHin 06BigHIN
Ta ii YacoBii 3miHi. Lii 3miHn BiabyBatoTbcA NOBIAbHO (Y TeEMNi BUMOBASIHHA 3BYKIB),
TOMy nepegaya gaHux nNpo obBigHy Ta ii 3MiHY He noTpebye NPOMNYCKHOI 34aTHOCTI
Tpakty 6inbwe 100 6im/c. Ane ana nepepadi WMPOKOCMYroBOK Hecy4yoi 3 i
WMPOKMM AMHAMIYHMM fiana3oHOM NOTPibHA AyXkKe BennKa NPOMnyCKHA 34aTHICTb.
[0 TOro X, MOBHWI CUIHAN NPU YTBOPEHHI B MOBHOMY TpaKTi HabyBae 6araTo
iHbopMaLii, Wo He BiAHOCUTbLCA A0 3MICTY MOBW, WO NepenaeTbca (Hanpuknag,
¢dasoBa iHPopmauia). Ua iHpopmauia HasmBaeTbca cynyTHbotlo. [Ans ii nepepadi
TAKOX BMTPAYAETLCA MPOMYCKHA 34aTHICTb TPAKTy. 3 UbOro BUNAMBAE, LWO
iHbOpMaLifMHa EMHICTb MOBHOFO CUrHany /ivWe TPOXW nepeBuLLyE iHPpopmaLiHy
EMHICTb TenerpadHOro CUrHasy 3 TakMM CaMMM MOBIAOMNEHHAM (MOBHMUI CUTHAN
BiAPI3HAETLCA Big TenerpadHoro avwe iHpopmauieto npo emouii Ta ocoby Toro, xT0
roBopuTb). Na nepegadi cyTi NOBIAOMNEHHA AOCUTbL NepeaaBaTy BiAOMOCTI auLe
npo ¢opmy 06BiAHOI CNEKTPY MOBM, @ TaKOXK NPO 3MiHY OCHOBHOFO TOHY MOBMW Ta
nepexoAis TOH-LIYM.

KOHTpPOMbHI 3anuTaHHA

1. Ulo Ha3MBa€eTbCcA piBHETPAMOLO?

2. flke 3Ha4YeHHA NOBMHHA MATWM MOCTIMHA Yacy BUMIPIOBAHHA ANA OTPUMAHHA
cy6'eKTMBHOI piBHErpammn?

3. flke 3Ha4YeHHA NOBMHHA MATWM MOCTIHA Yacy BUMIPIOBAHHA ANA OTPUMAHHA
06'eKTUBHOT piBHErPammn?

4. Lo Take AMHAMIYHMM Aiana3oH cUrHany?

5. [OnAa4yoro noTpibHO CTUCKATU AMHAMIYHWUIA Aiana30H CUrHany?

6. AKi NpUCTPOi BUKOPUCTOBYOTb AN1A CTUCKAHHA AMHAMIYHOIO Aiana3oHy CUrHanNiBe?
7. Lo Take 6e3iHepuUinHMn 06MerKyBauy, AK BiH NpaLIOe?

8. AKy dYHKLitO BUKOHYE nimiTep npm 06pobui 3ByKOBUX CUrHANIB?

9. AK HaA3MBAETbCA MNPUCTPIA, AKUA BUKOPUCTOBYETbCA ANA  BiAHOBAEHHA
AMHAMIYHOro Aiana3oHy Nicna NOro CTUCKaHHA?
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10. AKMM NPUCTPIN BUKOPUCTOBYETLCA ANA BiACIKAHHA CNabKuX CUrHaniB B npoLeci
CTUCKAHHA ANHAMIYHOTO AianasoHy?

11. AKi ncMxoaKycTnyHi npouecopu Bu 3HaeTe? AK BOHU NpaLoTb?

12. Ulo Ha3MBaOTb CNEKTPANIbHOIO LiNIbHICTIO CUFHANy?

13. LLlo Ha3MBatoTb CNEKTPaZIbHUM piBHEM?

14. AK BM3HAYAETbCA CYMapPHUIN piBEHb 3BYKOBOrO CUTHanNy?

15. AK BM3HAYalOTb YAaCTOTHI AianNa30HM aKYCTUYHUX CUTHANIB?

16. AK Ha3MBaOTb 3MiHY YaCTOTM OCHOBHOIO TOHY MOBHOTIO CUTHany?

'naBa 4. LndgpoBe npeacraBneHHs 3BYKOBUX
CUrHanise

4.1. NMNpouec aHanoroso-unposoro ta unucgppo-aHanoroBoro
nepeTBOpPEeHHs1 3BYKOBUX CUrHaniB

Lndpose npeacraBneHHA 3BYKy XOM i € CKNAagHIWKWM, HiXK aHanorose, NpoTe, ue
[03BOJIAE 3HAYHO CNPOCTUTM poboTy 3 HUM. [o TOro X, mapameTtpu uUMdPpPoBOro
3BYKY HEe 3MIHIOKOTbCA Y Yaci Ta CYTTEBO Y MEHLWIN Mipi NiaaatoTbCA CNOTBOPEHHAM,
O XapaKTepHi ANA aHaNOroBMX CWUrHaANiB, Nepw 3a BCE 3@ PAXYHOK TEXHIYHMUX
XapaKTepUCTUK HociiB iHpopmauii. Undposun Kop y 6yab-aki cuTyauii 3aBxKau
CNPMMUMAETHLCA O4HAKOBO.

MepeTBOPEHHA aHAIOrOBOro 3BYKOBOIrO CUTHaNY B LMGPOBIN BKAOYAE AEKiNbKa
eTanis. Cno4yaTky aHanoOroBuit 3BYKOBUM CUTHA/ NOAAETbLCA HA aHANOroBuiM inbTp,
AKMA O0BMeEXKYE CMyry 4acToT CUrHany i ycyBa€ nepewkoau i wymu. [MoTim 3
aHa/NoroBOro CWUrHany 3a AO0MNOMOrOK CXeMW BMBIpKWU/3bepiraHHA BUAINAOTbCA
BiANIKM: 3 MEBHOK NEepPioOAUYHICTIO 34IACHIOETbCA 3anam'AToBYBaHHA MUTTEBOTO
piBHA aHanoroBoro curHany. fani BigNiKM NOCTynatoTb B aHaNoro-umpposmin
nepetsoptoBay (ALIM), AKMIA nNepeTBOPIOE MUTTEBI 3HAUYEHHS KOXHOTO BigAiKy B
umMdposuin Kog abo umcna. OTpmmaHa NOCNiAOBHICTb BIT ULMbPOBOro Koay, BNacHe, i
€ 3BYKOBMM CUrHaiom B UMdpoBin ¢opmi. B pesynbTaTi nepeTBOpPEHHA
HenepepBHUI aHA/NIOTOBUIA 3BYKOBMI CUIHAN MEPETBOPHETbCA Ha uudpoBuin —
AVCKPETHUI AK 33 YacoM, TaK i 3a BE/IMYNHOLO.
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CTpyKTypHa cxema KaHany umdppoBoro 3anucy (nepeaadi) Ta BiATBOPEHHSA 3BYKY
NOKa3aHa Ha PUCYHKY 24.

AuckpeTHni 3a Yacom .
Ta HenepepBHWI 3a Lndpposa kogosa  Lndpposuin curHan
piBHEM curHan nocnigoBHICTb (kaHanbHWUiA Koa)

Bx. curHan \l/" ——————— \t ————————————— \l/ \L
(aHanor.)

HenepepBHui 3a
Yacom curHan

I |
I |
> > l__»| 011001 » |
_>$ i"°/°_ '_rrrrrrr_’:[)‘|"—v—"—v4 > —>
| |
®inbTpauis | OuckpeTn3auis KBaHTyBaHHS KO,ElyBaHHﬂl MogynsTtop Kanan, wo
(oBmexeHHst | 3a uyacom | (nepekoay- nepenae abo
CMYIM 4acToT) —————————————————————= BaHHs, IKM) NpUCTPIi
ALM 3anucy
AHanorosun
curHan
+— OHY |« LIAM |« Hekonep |« OemopaynsTop [«

Puc. 24. Y3aranbHeHa CTPYKTYPHa CXema KaHany undpoBoro 3anmcy
(nepepaui) Ta BiATBOPEHHS 3BYKY

foNoBHY pONb B MpouEci NepeTBOPEHHS CUrHany 3 aHanorosoi ¢opmu B
undposy rpae AUM (Analog/Digital Converter — ADC), AKMA NOEAHYE npoLec
ANCKPEeTU3au,ii BXiZAHOro aHa/I0roBOro CUrHany 3 Moro NoAaNblUMM KBAaHTYBAHHAM Ta
NepPBMHHMM KOAYyBaHHAM. 3BOPOTHMUI Npouec NnepeTBopeHHA LMPPOBOro 3ByKOBOIO
CUrHany B QaAHANOroOBMW  peani3yeTbCA 33 LO0MOMOroK  UMPPO-aHANIOroBoro
nepetsoptoBaya — LIAM (Digital/Analog Converter — DAC). CTpykTypHa cxema LIAM
NOKa3aHa Ha PUCYHKY 25.

AHanoroBmn curHan

»

Undposuit kog dopmyBaHHA
amnnaityam

A

v
©
T
<

TakTOBUM
reHepartop

Puc. 25. bioKk-cxema umdppo-aHaoroBoro NepeTBoproBaYa
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®aktnyHO pobota LIAM nonsrae y Tomy, wob y neBHi MOMEHTU 4acy, WO
BiANOBIAAIOTb IMMNyNbCaM TaKTOBOrO CUrHasy, NepeTBoproBaTM UMGPOBI Koau, fKi
notpanaatoTb Ha Bxig UATM, y imnynbcn BignosigHoi amnnityay. CpopmoBaHi Takum
YUHOM IMNYNbCM aMNANITYAN NPONycKarTbea Yepe3 ¢GinbTp HM3bKOI Yactotn (PHY)
ANA 3rNAAXKYBaHHA iMNY/IbCHUX CXOAMHOK Ta NPUTHIYEHHA NepioguyHUX CKNaaoBuXx
CNEeKTPYy AUCKPETHOro CUrHasy, WO B pe3ynbTaTi i Npn3BoAUTb 40 NOABU BUXIAHOIO
aHaNoroBoro curHany. TakMm 4YMHOM BigOyBa€eTbCA BIAHOB/MIEHHA MOYATKOBOrO
aHANOroBOro CUrHasy 3 Moro uMdppPoBoOro Koay.

4.2. OnckpeTusauia

HanBa*knusiwmm etanom aHanoro-undposBoro nepeTBOPeEHHA € ANCKPETM3aLiA
aHaNOroBOro CUrHany. 3amictb TepMiHy "AncKpeTusauia" B TEXHIYHIN niTepaTypi
IHKONM BUKOPUCTOBYIOTb TepMiH "BUbBIipKa", a B niTepaTypi, NnpucBadeHin obpobui
3BYKY, BMWKOPUCTOBYETbCA MNOHATTA — ‘'cemnniHr" (Big aHrnincbkoro cnosa
"sampling").

3a BM3HAYEHHAM, ANCKPEeTM3aLia — Lie Npouec B3ATTA BigNiKiB HeNepepBHOro y
Yyaci CuMrHany y piBHOBIgAaNneHUX OAHa Bif4 OAHOI 33 4Yacom To4ykax (y AaHomy
BMNAAKYy WNAETbCA MPO PIiBHOMIPHY [AMCKPETU3aLuito, OCKiNbKM LWe 6byBae #
HepiBHOMIpHa AMCKpPeTU3aLuia, Koau BianikM 6epyTbCcs y TOYKaX, WO HEeoAHAaKOBO
BiAdaneHi ogHa Big oAHOI y 4aci). IHWKMMKM cnoBammn, B npoueci AUCKpeTu3aLii
BMMIPIOETbCA | 3anamM'ATOBYETbCA PiBEHb aHA/JIOrOBOro CUrHany. Yepes 3agaHum
iHTepBan 4acy, AKMMN Ha3MBAETbCA IHTEpPBANOM AMCKPeTM3aLji, npoueaypa
NOBTOPIETLCA.

PesynbTaTom npouecy AMCKpeTusauii € curHan 3 amnaiTygHo-iMMy/ibCHOO
moaynauieto  PAM  (Pulse-Amplitude Modulation). TexHiyHO us npoueaypa
peanisyeTbcA 3a AOMOMOrol NPUCTPol BUBIpKKU/3bepiraHHA. AK enemeHT, Lo
3anam'ATOBYE, 3a3BUYall BUKOPUCTOBYIOTb KOHAEHCATOP, WO 3apAANKAETLCA A0 PiBHA
HanNpyrun BxigHoro curHany. MNpu ubomMy NOTeHLian 3apAaay KOHAEHCcaTopa BiANOBIAAE
MUTTEBOMY 3HAYEHHIO HaMpyrM curHany. Hanpyra Ha KoHAeHcaTopi 36epiraetbca
HE3MiIHHOIO MPOTArOM AEeAKOro BiApPi3Ky Yacy, WO 3BeTbCA Yacom 3b6epiraHHA. Y
iJjeanbHOMY BMMNAAKy B3ATTA BiANiKYy NMOBMHHE BiabyBaTUCA MMUTTEBO, PeasibHO X
TPMBANICTb LbOro Npouecy cknagae npmbamsHo 1 mkc.
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AHanorosuim cUrHan MoxHa BigTBopuT 3 PAM curHany nponycTyMB OCTAHHIM
yepes ®@HY. BaXnMBO 3HATM HACKINIbKM TOYHO BigdINbTPOBAHUIMA  CUTHAN
cnisnagatMme 3 NOYaTKOBMM aHA/IOrOBUM CUrHaNoOM. Bignosigb Ha Le NUTaHHA Oa€
meopema _8idnikie _KomenbHukosa-Halikeicma, AKka QOPMYNIOETbCA HACTYMHUM

YNMHOM: CU2HAN 3 OOMEIKEeHOIO CMY20t0, W0 HE MAE CNEKMPAAbHUX KOMIOHEHMIB 3
yacmomamu, AKi nepesuwytome yacmomy FE,, 00HO3HaYHO BU3HAYAEMbLCA
3HA4YeHHAMU, AKi 0O6paHi yepe3 pisHi npomixcku yacy T,;, makumu wo:

T, < —. (23)

Lle TBepAa)KeHHA TaKOX BigoMme AK meopema npo pPieHOMIpPHY ducKkpemu3auiro.

Yactota F; = 1/T,; Ha3MBa€ETbCA YacTOTOK AMCKpeTusauii. A 3a4aHoi YacTotu

AnckpeTtunsauii 3 ymosun F; = 2F,, BU3Ha4yaeTbcA BiANOBIAHA MaKCMMaIbHO MOXKMBA
4yacToTa B CneKTpi curHany — F,,, AKa Ha3mBaeTbca yacmomoro Halikeicma. Kpitepin

Hawnksicta F; = 2F, — ue A[OCTaTHA YMOBA, AKa [3a€ MOX/IMBICTb MOBHOrO
BiATBOPEHHA aHANOroBOro CUrHany 3 NOCNAIA0BHOCTI AUCKPETHUX BiANIKIB.

Cytb ymoBu (23) nonsrae y HacTynHomy. B mexkax CMyrm 4actoT BXigHOro
CUFHANY CNEeKTP AUCKPETHOrOo CUTHa/y 3 TOYHICTIO A0 MHOMHMKA MOBTOPIOE CMEKTP
aHaNOroBoro curHany. Kpim toro, Len cnekTp Ana ANCKPETHOro CUrHany nepiognyHo
NOBTOPIOETLCA 3 YacToTolo F; (puc. 26). Tob6TO cnekTp curHany, NepeTBOpPeHOro 3a
aonomoroto AUM y umpposy dopmy, byae matn nepioguyHUN XxapakTep.

IS(F)|

AVAVILVAVAS

—2F, Fn

Puc. 26. CneKkTp AUCKPETHOro CUrHany

Axkwo F; > 2F,,, To KoNii cnekTpy nerko suaanutu 3a gonomoroto ®HY i Takum
YMHOM JIeTKO BiAHOBUTU aHaNorosuin curHan. Mpote, yum 6amxkue F; pno 2F,, Tum
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BaXKue BWAINAETbCA aHA/JIOTOBUMA CUTHAN, OCKiNbKM Ue noTpebye 36inblieHHA
KpyTM3HM cnagy AYX o¢inbTpa, a ue y CBOK uyepry npm3BoauTb A0 36i/iblueHHS
nopaaKy ¢inbTpa i, AK HacnigokK, A0 36inbleHHA MOoro CKNagHoCTI.

Akwo F; < 2F,,, TO Konii cnekTpiB NO4YHyTb nepeKkpmeatuca (puc. 27). Asuule,
LLLO € HAaCNiAKOM HeAOoCTaTHbOI AMCKpPEeTU3aLii Ha3nBaETbLCA HaOKAAO0aHHAM (aliasing).

HaknageHHA CneKkTpiB 3aBXAWM MNPUMBOAUTb A0 MNOABM HOBUX CREKTPASbHUX
CKIalOBUX B CUTHANI i, OTXKe, A0 HEMOXKIMBOCTI MOro NPaBU/IbHOTO BiAHOBAEHHS.
KnacmMyHum npuknagom HaknafeHHA CNeKTpiB € BMNAAOK, KOAM NMpuU nepernagi
KiHOQINbMY 34a€ETbCA, WO KOMECO PYXOMOI KapeTn KPyTUTbCA 3i WBUAKICTIO, WO He
BiANOBIAA€E WBMAKOCTI PyXy KapeTu, abo HaBiTb Y 3BOPOTHUI BiK. BUHMKHEHHSA LbOTO
epeKTy obymoBneHe TMM, WO WBUAKICTb 3MiHM KagpiB (4acToTa AMCKpeTM3auii
300parkeHHA) Mmana y NOpPiBHAHHI 3 KYTOBOO LWBUAKICTIO 06epTaHHA KoJeca.

|S(F)|
—F 0 g
\ AR m ) F
Y Y Y Y
Fd Fd Fd Fd

Puc. 27. MNepeKpUTTa CNEKTPIB CUTHANY NP HEAOCTaTHIM YacToTi ANCKpeTu3auii

3 NpPaKTUYHOI TOYKWU 30pYy Hi CUTHANW, Hi CNEKTPU, Hi QiNbTpM He MalTb
0b6MeXeHOoi CMYyrM 4acToT, TOMy NEeBHe HaKAaZaHHA CNeKTPiB Npu AUCKpeTu3au;i
aHANoOroBMX CUrHanNiB € 3aBXAKW. na Toro, Wwob MiHiMi3yBaTW HACcNiAKN HaKNagaHHA
3aCTOCOBYHOTb nonepeaHto dinbTpaLito aHaNoroBoro curHany GinbTpom, AKMN Mae
rPaHUYHY YactoTy MeHwy 3a F;/2. OTxe, nicna ¢inbTpy curHan byae maTu Taky
yactoTy F,,, AKa TO4YHO Byae 3a40BONbHATM BUMO3i (23). Y TakoMy BMNAAKY, O4HAK,
Le MO)e NPU3BECTU A0 BTPATU AEAKOiI YaCTUHM iHPOpMaLii aHANOroBOro CUrHany.
Kpim Toro, ¢inbTpu, WO peanisyoTbCA Ha NPaKTULi, NOTPeDOYOTb NEBHOI WMPUHU
CMYTU, WO € CMYFOK nepexoay MixK 061acTio NponyCcKaHHA Ta 06/1acTio 3aTyXaHHA.
Lla cmyra Ha3mBaeTbca cmyeoro nepexody. baxkaHo, wob cmyra nepexoay 6yna
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AKOMOra MEHLIO, asie NPU 3MEHLUEHHI L€l CMyrM pi3Ko NiABULLYETbLCA CKNAAHICTb
¢inbTpy Ta Moro BapTicTb. B 6aratbox cucTemax ONTUMANbHOK LWMPUHOK CMYTU
nepexoay BBarkaetbca 10 — 20% Big wupuHM cmyru curHany. OTKe, AnA BUNALKY
dinbTpiB, WO ¢i3nYHO peanisyroTbcA KpuTepin Hankeicta 6yae matm HacTynHWM
BUINAL:

F, > 22E,. (24)

4.3. NepeauckpeTnsauis (oBepceMmnliHr)

3 yCbOro BMLLEBMKNAALEHOIO BWUMAMBAE, WO ANA 34IMCHEHHA aHAnNoro-
LUMPpPOBOro NepeTBoOpPeHHA 3 BUCOKOH AKICTIO HEOOXiAHO BUKOHATM HU3KY BUMOT.

MNo-nepwe, Npuv AWCKPeTU3aLil 3BYKOBOro CWUrHany Cnig BWUKOPUCTOBYBATU
4acToTy AMCKpeTU3aLji, AKa BignoBigae Kputepito Hanksicta. Mpu ubomy, 4ymm
BULOO Byae YyacToTa AMCKPeTM3aL,ii, TUM Binbluy CMYry 4acTOT 3MOXKe MaTWu BXiAHUN
CUrHan, Npu AkKin byae 3abesneyvyBaTMCb BUCOKA AKICTb MOro BigTBOPEHHA. Ha »Kanb,
NPONOPLIMHO 36iNbLUEHHIO YaCTOTU ANCKPETU3aLLiT 3pOCTa€E NOTiK LMPPOBUX JAHUX B
KaHani 3ByKo3anucy, a TakoxK 06'em nam'saTi, HeobxigHOi anA 36epiraHHA 3BYKOBOTO
CUrHany B uMppPoBin popmi.

Mo-gpyre, nepen AUCKpeTU3aLield HeobXigHO OOMEXUTU CnekTp BXiQHOrO
curHany 3a gonomoroto ¢inbTpy HU3bKOI YactoT (PHY). BiH noBMHEH BUAANAUTU BCi
FAaPMOHIKM 3 4acTOTaMM, WO € BULWMMU 32 4acTOTy AUCKPETM3aUuil, i TMM camum
3anobirtm HaknagaHHio cnekTtpiB. Mpu ybomy cmyra nepexody Takoro ¢inbTpa
NOBWHHA cknagatn 20% BiA WMPUHN CMYTU curHany. 3abe3neymT OCTaHHIO YMOBY
MOXHa, HaNnpMKAaA4, 3a 4ONOMOrOH eNninTUYHOro iNbTPy BUCOKOro nopagKy. MNpore,
Takui GinbTp MorKe ByTM A0BOAI CKNAAHMM Y peanisalii Ta MaTu BUCOKY BapTIiCTb.

B cyuyacHux AUM npobnema ¢inbTpauii 3 meTor yCyHEHHA BUCOKOYACTOTHUX
KOMMNOHEHTIB CMEeKTpy BUPIWYETbCA 33 AONOMOrol nepegucKkpetTmsauii - —
AVCKpeTM3auii Ha nigBuweHin YacToTi. Lle Haltbinbw eKoOHOMIYHWIA PO3B’A30K 3a4aui
nepeTBOPEHHA aHa/IofOBOr0 CUrHaAy B UMPpPOBUIM Ta LUPPOBOro B aHANOrOBUN.
TepmiHy "nepeamnckpetmsauia" B aHINMOMOBHIM TexHIYHIN niTepaTypi BignoBigae
TepMiH "oBepcemnniHr" (Big aHrniicbkoro "oversampling").
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Mpn nepeauckpeTnsauii gianasoH 4acToT BXIAHOrO AHA/NIOrOBOr0 3BYKOBOrO
curHany obmekyetbca 3a gonomoroto gewesoro PHY HM3bKOro nopsaaKy (3a3smyais
3 — 5-r0), Wo Mae€ NiHinHy $a30BYy XapaKTEPUCTMKY, AKA NPAKTUYHO HE CMOTBOPHOE
iIMOYNbCHUM CUFHAA, @ TaKOX O0BOAI WMPOKY cMyry nepexogy. BiadinbtpoBaHui
CUrHaN, WO Mae obmeXeHWM No YacToTi CNeKTp, NiAAaETbCA AUCKPETM3aLii Ha
NiABULLEHIM YacTOTi, fIKAa BUKAOYAE HAKNAAEHHA | CNOTBOPEHHA cnekTpy. Adani
AVCKPEeTHI BigNiKKU CUrHany nepeTsBopoOTLCA B NOCAIA0BHICTb YMCen 32 4OMNOMOror
ALMN, npuyomy noTiK UMPPOBUX AAHUX BKAOYAE | HebarkaHi BMCOKOYACTOTHI
KOMNOHEHTM cnekTpy. OTpumaHi umdposi aaHi nigaatoTbca undposin dinbrpalii.
LUndposunin inbTp BUMCOKOro NopagKy 3 KPYTUM 3pi30OM YaCTOTHOI XapaKTEepPUCTUKMN
BUrOTOBUTU Habarato npoctiwe. [lpuyomy, 3aBAAKM  NiHiIMHOCTI  ¢$a3oBoi
XapaKTepumcTmku undposoro ¢inbtpy, pa3osi CNOTBOPEHHA CUTHany byayTb BiACYTHI.
Binbw TOro, skwWo nonepegHs inbTpauia aHanoroBum ¢inbTPOM BHOCUTb MEBHI
CNOTBOPEHHSA, TO TaKi CMOTBOPEHHA MOXYTb OYTM BpaxoBaHi Ta KOMMNEHCOBAHI Npwu
NpPOoeKTyBaHHI uudposoro Pinbtpy. Micna uymdpoBoro inbTpy CUrHaAN maTume
CNEeKTPp, KOPEKTHO obmeXKeHM No YacToTi i 4YacToTa AucKpeTusauii curHany
3HUXKYETbCA A0 MOABOEHOrO0 3HAYE€HHA HAMBULLOI KOPWUCHOI YaCTOTHOI CKNafoBOI
LUASXOM BUAANEHHSA "HaaamwKoBux" Bianikis.

3a3BuYall NoOYMHAOTL 3 BMOOPY 4YacTOTM AucKpeTu3auii, wo B 4 paswu
nepesuwye noTpibHy. Micna yboro po3pobnatoTb aHanorosuit GiNbTP, WKMPUHA
CMYTU AAKOTO BignoBigae 36inbleHi YacToTi AUCKpeTM3aLii.

Hanpuknag, ona 3BYKOBOro CUrHany 3 MAKCMMANbHOKD YACTOTOK Y CREKTPI
20 kly noTpibHa YyacToTa AMCKPETU3aLi, po3paxoBaHa Yy BignosigHOCTI 3 (24), wo
popisHioe 44,1 kly. Mpun upbomy cmyra nepexoay, Wo cknagae 4,1 kfuy, moxe 6yTn
peanisoBaHa 3a AOMNOMOrOK HaMWCKnagHiworo enintuyHoro ¢inbtpy 10 — 20
nopagKy. HaTtomicTb, BMKOPUCTOBYIOUM OBEPCEMMIHF, MW 36iNbLUYEMO YacToOTy
Avckpetmnsauii po 176,4 kly. B pe3ynbtati cmyra nepexoay 36inbluyeTbca A0
136,4 kly, WO peanisyeTbcA 3a AOMNOMOrOK MPOCTOro enintTuyHoro ¢inbTpy 4-ro
nopaaky. Micna guckpeTtunsadii i3 36inbweHoo YactoToto uMdposi AaHi 3 Buxoay ALLMN
NPOMYCKaloTbCA Yepe3 HeZoPOrnin BUCOKOMPOAYKTUBHUN UMPpoBMn inbTp, AKUN
peanizye cmyry nepexoay y 4,1 kly 6e3 cnotsBopeHb. [licna UbOro NpoBoAUTLCA
NoBTOPHa BMOipKa i YacToTa ANCKpeTU3aL,ii 3HMKYETbCA Ao 44,1 KkIy.

Tak camo nepegucKkpeTnsalia BUKOPUCTOBYETLCA | B NpoLeci nepeTBOpeHHA
UMPpPOBOro CUrHany B aHa/IOrOBUNA.
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4.4. KBaHTyBaHHA

Micna auckpeTtmsauii  BigbyBaeTbcA ApyrMi  eTan  aHanoro-umMdposoro
nepeTBOPEHHA — KBAHTYBaHHA BiANiKiB. B npoueci KBaHTyBaHHA BiabyBaeTbCA 3amiHa
HenepepBHOI PYHKLii cMrHany ii OKPpeEMUMM 3HAYEHHAMM, WO BigganeHi ogHe Big,
O[IHOFO Ha KiHUEeBUIN iHTepBan (piBeHb). BignoBiaHO Takuii npouec Ha3MBaETbCS
K8AHMYBAHHAM 34 _pisHemMm. [lpn KBaHTYBaHHi 3HA4yeHHA QYHKUii curHany B

[OBIIbHUA  MOMEHT 4acy 3aMiHIOETbCA HAUBAMMKUMM 3HAYEHHSIM  PiBHA, WO
Ha3MBaAETbCA PiBHEM KB8AHMYB8AHHA. TOYHICTb, 3 AKOW BiAOYBaETbCA Taka 3aMiHa,

BU3HAYAETbCA KiNbKICTIO pO3pAAiB 1, AKI BUKOPUCTOBYIOTbCA ANA 3anMUCy 3HAYEHHA
piBHA. KinbKicTb piBHIB Npu UboMy AopiBHIOE 2™. |HTepBan MiXK ABOMa cycCiaHiMu
OANCKPETHUMMN 3HAYEHHAMMU PIBHIB HA3MBAETbCA KPOKOM K8AHMYBAHHA. AKWO PiBHI

KBaHTYBaHHA PiBHOMIPHO po3noAineHi N0 BCbOMy Aiana3oHy 3miHW GyHKLi BXigHOro
CUTHanNy, TO Take KBAHTyBaHHA Oyae HA3MBATUCA PIBHOMIPHUM, | KPOK KBAaHTyBaHHSA

npu ubomy byae NnocTiMHUM.

MepeTBOPEHHA CUrHany 3 aHanorosoi ¢opmu B UMPPOBY MOXKIMBE NuLeE 3
NEeBHOK MIpOK TOYHOCTI. [lpyn UbOMY UMM BMLWA 4YaCTOTa AUCKpeTU3auil Ta
po3psagHicTb ALM, TMM ToYHiwe BiabyBaeTbCA NEPETBOPEHHS.

CnoTBOPEHHA CUTHaNY, WO BMHMKAE B NpoLeci KBaHTYBaHHA, BUK/JIMKAE BTPaATH
iHpopmaLii, ski Nnpn obepHeHOMY UUPO-aHANOrOBOMY NMEPETBOPEHHI NiKBigyBaTH
abo 3MEeHWUTN NPaAKTUYHO HEMOXKAMBO. HanpuKknag, npu 3anucy 3BYKY CMEKTP
NOMWAKN NPWU KBAHTyBaHHI NoAibHUI A0 cneKTpy 6inoro wymy i 3aiMa€e 4acToOTHUN
AianasoH Big, HyNA 40 4acToTU AUCKpeTu3auii. TobTo nosABa NOMMUAOK KBAaHTYBaHHA
CUrHANy eKBiBaJIeHTHA AO0A4ABaHHIO A0 BiAHOB/IIOBANILHOIO CUIHANY AEAKOro LWymy.
Tomy NOXMBKWM KBaHTYBaHHA HA3WBaAlOTb WYMOM K8AHMYB8AHHA. BennumHa uporo

Wwymy ob6epHeHO nponopuUinHa KiNbKOCTI pPiBHIB KBaHTyBaHHA. PiBeHb wymy
KBAaHTYBaHHA 3a3BMYall BUMIPIOETbCA Yy MPMUCYTHOCTI CUrHaNy AK piBeHb B 0b
BiAHOCHO MAaKCMMANbHOrO 3HAYE€HHA CUrHaAy. YMm MeHWUM € Uen piBeHb, TUM
BMLLA AKICTb 3BYKY. JleTasbHille Npo Wym KBaHTyBaHHA Ta meTogM 60poTbbu 3 HUM
MOXHa npouynTaTu B [4].

LLlym KBaHTYBaHHA 0OCOBAMBO MOMITHWIA MPU MaNUX piBHAX curHany. OTxe,
AKLWO Y CUTHANi NPUCYTHI AINAHKK, Ae PiBEHb CUTHANY € ManuMm, i € HeobxigHicTb
3MEHLUMNTU Ha UMX AINAHKAX PiBEHb WYMY KBAaHTYBAaHHA, TO B LbOMY BUMAAKY MOXKe
3aCTOCOBYBATUCb  HEPIBHOMIpPHE  KB8AHMYBAHHA _ 3a _ pieHemM. B  npoueci

HEepPiBHOMIPHOro KBAaHTYBAHHA KPOK KBAHTYBAHHA € 3MIHHOK BE/IMYMHOIO.
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OKpiMm MOMWMNOK, MOB’A3aHMX 3 LWYMOM KBAHTYBaHHA, MNPU NEepPeTBOPEHHI
aHaNoroBoro CUrHany y UMPPOBUIM MOXKAMBI TAKOXK i iHWI NOMWAKK, NoB’A3aHi 3
HACMYEHHAM NPUCTPOLO KBaHTyBaHHA. KoxkHui ALLIN mae neBHU poboyuli diana3oH

3Ha4YeHb BXiAHOrO CUrHany, B MeXax AKOro pPisHUUA MiX BXOAOM Ta BUXOAOM €
He3HayHol. Ane, AKWO BXiAHE 3HAYEHHA He HaNeXWUTb LbOMYy Aiana3oHy, TO
3Ha4YeHHA Ha BXxoAi Ta Buxoai byayTb Bigpi3HATUCA cunbHiwe. B Takomy BuMnaaKy
KaXKyTb, WO NPUCTPIN NPALIOE Y perumi HacuyeHHSA. MOoOMUNKM HAaCUYEHHA CYTTEBILUI

Ta MeHW 6axaHi, HiX WyM KBaHTYBaHHA. B 3arafibHoMy BUNaAKy HAaCMYEHHA MOKHa
YHWUKHYTU 32 ONOMOrol0 aBTOMaTUYHOIO peryatoBaHHA NiACUAeHHA, AKe ePpeKTUBHO
po3wunptoe pobounii gianasoH ALIMN. [eTanbHiwe Npo ue MoxHa npouymtaTtu B [12].

3Hatouu po3pagHicTb ALLMN morKHa oTpumaTth geaki uikasi umdpun. Hanpuknag, y
BMNAAKY ABIMKOBOro KOAYBAHHA AAHWUX, SIKLWLO MOMHOMMUTU KiNbKiCTb po3psaaiB Ha
4acToTy AMCKpeTM3aLlil curHany, Wwo BupaxeHa B [y, TO OTPUMAEMO LWBUAKICTb
nepegadyi  gaHuMX, AKy  noBuMHeH  3abe3nevyyBaTu uMdpoBMn  KaHan
3anucy/BiATBOPEHHA 3BYKY. fAKWO OTPMMaHy LWBKUAKICTb nepedadi  AaHUX
MOMHOMWTK Ha 3arasibHy TPUBANICTb 3BYKOBOIO CUrHa/y B CEKYHAAX, TO OTPUMAEMO
06’em nam’aTi, AKMIN NoTpibeH ans 36epiraHHA 3BYKOBUX AaHUX. AKLLO MOBa Mae nNpo
CTepeo-CUrHan, TO LWBWUAKICTb nepegadvi AaHUX Ta 3araibHUMA 06’em paHuMX
NoABOOIOTHCA.

4.5. UndppoBe KoayBaHHA

KoayBaHHA iHPpopmauii, To6TO NepeTBOpPEHHA 3HA4YeHb BXiAHOrO CUrHaNy y
ABINKOBMW KoA, BigOyBaeTbCcA 3a AOMOMOrOK0 KOoZepiB, a [AeKoAyBaHHA — 3a
Aonomoroto  gekogepis. UndpoBa nepepgava iHPopmauUiMHOrO CUrHany CcTae
MOX/INBOIO Ti/IbKM MICAA TOrO, AK AUCKPETHI Ta KBAHTOBAHI 3HAa4YeHHA LbOro CUrHany
6yayTb 3aKoAoBaHi Yy NOCAIAOBHICTb 6iTiB, AKa 3BeTbcs nomokom bimis abo

gideocueHanom. Micna yboro dopmytoTbcsa rpynu 3 k-6iT, AKi 3ByTbCA CMMBONAMM.

Mpu LbOMY KiNbKiCTb ycix cumBonis ckiHueHa (M = 2%), a ix cyKynmHicTb 3BeTbcA
angasimom. Cuctema, WO BUKOPUCTOBYE CMMBONIbHMI Habip po3mipy M 3BeTbcs
M-apHoto. Mpu k =1 cuctema 3BeTbcA 6HiHapHow. Po3mip Habopy cumBonis
popiBHioe M = 2. lpu ubomMy MOAYNATOP BMKOPUCTOBYE OAWMH 3 ABOX Pi3HMUX
CUrHanNiB ANa npeacTaBNeHHA [ABIMKOBOro 3HaveHHa "1" Ta iHwuh — Aans
npeacTaBieHHA ABiIMKOBOro 3HavyeHHA "0". B ubomy BMNaaKy cumBon i 6iT — ue oaHe
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i Te came. AKwWo k = 2, To cuctema € YeTBipKkoBOtO abo 4-pisHeBo0. MoaynsaTop npu
LbOMY BWKOPUCTOBYETbLCA ONA NPeACTaBNeHHA CUMMBONY OAHUMM 3 4 MOXKAMBUX
CUrHaniB..

Mpuknan 32-piBHEBOI CUCTEMMU:

Yucnosa NocNiAOBHICTb: 10, 4, 36, 28, 52

K_H K_H K_H f_A N f_A N
3HaKoBe KoayBaHHs (6-6iTHMM Kog): 001010 000100 100100 011100 110100

H_J\ }% J\. v }% JH_J
32-piBHeBi cumBonu (umdpu): 5, 1, 4, 17, 25, 20
32-piBHEBI CUTHANN: us(t), ue(t), us(t), uq7(t), uzs(t), uyg(t)

Y HaBegeHoOMy NpUKNaai BUAHO, WO FPaHWUL CMMBOANIB Ta 3HAKIB Yy 3araibHOMY
BUMNaAKY MOXYTb He criBnaaaTtu.

ImnynbcHo-KoaoBa moagynauia (IKM)

ImnynbcHo-KogoBa moaynsuis (aHrn. PCM — pulse-code modulation) — ue Ha3Ba
KN1acy HWU3bKOYACTOTHUX CUTHaNiB, OTPMMAHUX 3 CUFHAANIB IMNYAbCHO-aMNAITYAHOI
moaynauii (aHrn. PAM — pulse-amplitude modulation) wnaxom KoayBaHHA KOXHOI
KBaHTOBOI BMOiIpKM undpoBMM cnoBom. BuxigHa iHpopmauia ANCKPeTU3YeETbCA Ta
KBAHTYETbCA B OAMH 3 M piBHiB. [licna ubOro KOXKHa KBaHTOBa BMbOipKa NpoxoauTb
undpose KoayBaHHA AnA nepeTsopeHHA B k-6iTHe (k = log, M) kopose cnoso. dani
6iTM KOAOBOro C/I0Ba NEepPEeTBOPIOOTLCA B iIMNYAbCHI CMIHanW. BianosiaHui npouec
6iHapHOI  iIMNYAbCHO-KOAOBOI MOAyANAUii MOKa3aHWMM Ha pPUCYHKY 28. Ha
NPeACTaBNEHOMY PUCYHKY aMnaiTyan aHanoroBoro curHany A(t) obmekeHi
AianasoHom Big 0 oo 8 B. Kpok mix piBHAMM KBaHTYBaHHA CKnaaae 1 B. BignosigHo,
BUKOPUCTOBYETbCA 8 KBAHTOBWUX PiBHIB, sIKi matTb 3HadyeHHsa: 0,5; 1,5;..; 7,5.
Po3TawyBaHHA piBHiIB 06paHO TakK, W06 BOHWM pPIBHOMIPHO pPO3TalOBYBaAUCb B
MeXKax 3a4aHOro AianasoHy 3HayeHb CcurHany. KoXHOMy piBHIO MNPUCBOEHWM
kogosun Homep Big4 O Ao 7. OTXKe KOMHMM 3 UMX KOAOBMX HOMEPIB MOXKHA
npeacTasnTn 3-po3pAgHUM ABIMKOBUM 4YMCAOM. TakKMM YMHOM, Ha PUCYHKY 28
KOXXHa BMOBIpKa curHany cniBBigHeceHa 3 ogHMM 3 BOCbMMK piBHIB abo 3-6iToBOWM
nocniposHicTo IKM.
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KopoBsui PiBeHb
HOMEpP  KBaHTyBaHHA

A(t)
8 T T T T T T T
s R i T T e
[ : : : . . .
6 6,5 - :'"/"'T'"\".L """" VT § Tt oy i
6 I i I i i i I
5 55 -----t--- I-/---—--l —————— \ ———————— R et EEEEEEEE AREEEEEEE R
5 ! ' . ' ' ' :
4 45 |- / ....... I \ ...... B I I
a |4 : : : ' ' y
3 35 | N [
3 i i i i i i i
2 25 ------f--4 jmmmmmmmeqeme---a- I—————\—l————————+ ————— ;/{-.-
2 : ! ; ! ! : ;
. 15 | N S
1 . . . L
0 05 ~—-oofoo e e e AR —
0 I I I I I I I
| | | | | | ot
3HaueHHA Npy NpUPOAHIn auckpetrsayii 4,3 7,7 5,2 1,6 0,7 2,3 3,9
3HayeHHA NPW KBAHTYBaHHI 4,5 7,5 5,5 1,5 0,5 2,5 3,5
KogoBuii Homep 4 7 5 1 0 2 3
MocnipoBHicTb IKM 100 111 101 001 000 010 011

Puc. 28. [Npouec nepeTBOpeHHA HEeNepepBHOro aHA/I0rOBOro CUrHaNy
y nocnigoBHicTb IKM

MpMNycTMMO, WO aHaNOroBUM CUTHANA € My3UYHUM GparmeHTOM i npwm
NPOCAYXOBYBAHHI My3MKM y UMPPOBI PopMi AKIiCTb € NoraHoto. MNepegycim e moxe
6yTK NoB’A3aHO 3 BUCOKMM PiBHEM LIYMY KBaHTyBaHHA. [nA Toro, wo6 3meHWwnTH
LUYM KBAHTYBaHHA, NOTPIOHO 36inblINTK KiNbKICTb PiBHIB KBaHTyBaHHA. Lle, y cBotoO
yepry, npussege [0 3b6inbweHHA po3pagHocti IKM  nocnigosBHocTti. AK ue
NMO3HAYUTBLCA Ha NapameTpax cMcTtemm? AKLLO NapameTpu iMNyANbCiB, WO peanisyoTb
3agaHy |KM nocnigoBHicTb 3anuMwmntM 6€3 3MiH, TO BoYeBMAb 36iNblUEHHS
pO3pAAHOCTI Npu3sBeae A0 36inbleHHA Yacy nepegadi curHany abo, iHaKLWe Kaxyuu,
A0 3MEHLUEHHSA WBMAKOCTI nepegadi. Taknii BapiaHT € NPUAHATHUM TiIbKKM B TOMY
BUNAAKY, AKLWO ONA CUCTEMU KPUTUYHMM MapPaMeTPoOM € LUMPUHA CMYrM nepegadi,
TO6TO BOHA MOBMHHA 3a/INWIATUCA MOCTIMHOK HE3a/Ie}KHO Bif, TOro, CKilibKK 6iTiB
npunagae Ha BUBGIpKY. Ane B CUCTEMAX peasibHOro Yacy 6yab-fKi CUrHAAN NOBUHHI
nepegasatmcA B MiHIManbHMMM 3aTpumKamun. OTXHe, AKWO 4Yac nepegadi He
NoOBMHEH 3MiHOBaTUCA Npu 36inbleHHi po3pagHocTi IKM nocnigosHoOCTi, TO 33 ue
A0BEeAEeTbCA PO3PaxoByBaTMCA 30iNbLUEHHAM LWWPUHM CMYTM nepedadi cUrHany,
OCKiNIbKK1 NOTPi6HO byae 36inbluyBaTH WBMAKICTb Nepeaadi AaHUX.
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TakKMM YMHOM, AKICTb NepeTBOPEHHA aHANOroBOro cuUrHany y undposy ¢opmy
3a71EeXXUTb He TiNbKK Big po3paaHocTi AL, a i BU3HAYAETbCA TUMN OBMEKEHHAMM,
AKI HAKNAA4AOTbCA Ha WMPUHY CMYTU CUTHaANY. Ane AK BU3HAYUTU, AKA LUMPUHA CMYTU
curHany b6yae y IKM nocnigoBHOCTi neBHOI po3pagHocTi? Camo no cobi
BUKopucTaHHA |IKM He pae Ham Ha Buxoai Hivoro "¢ismuyHoro", Tinbku umdpw.
Lndpn — ue TinbKun abcTpakLia, AKa A03BONAE ONMUCATU IHPOPMALLiIO, LLLO MICTUTLCA Y
nosigomneHHi. OTKe HeobxigHO MaTn Wwochb ¢isnyHe, wo byae npeactaBnaTn umudpm
abo "6ytn Hociem" umdp. Tak ABINKOBI YMCNa B NiHii Nepeaayi MoXXHa NpPeacTaBAATH
eNnekTPUYHMMM iMmnynbcamu. IcHye b6araTo peanisauin npeactaBneHHs curHanis IKM
eNEeKTPUYHMMM iMNysibCaMn. Ha pUCYHKY 29 nNOKasaHMM NpuUKAag npeactaBieHHs
Aginkosoro ymcna "1011100101" geakmmu Tinamu curHanis IKM.

|
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I_I
I_I
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Puc. 29. NMpuknagu peanizauint curHanis IKM: 1 — KogyBaHHA NRZ-L, 2 — 6inonapHe
RZ KoayBaHHA, 3 — MaHYecTepCcbKe KoAyBaHHA, 4 — MoAyNALiA 3aTPMMKHU

MpnynHa icHyBaHHA BENMKOI KiNbKOCTI pi3HUX peani3auin curHanis IKM nonsarae
Yy BigMiHHOCTAX, W0 NOB’A3aHi 3 NPOAYKTUBHICTIO, AKA XapPaKTepPMU3YE KOXKHWUIA TUN
IKM KopgyBaHHA. 30Kpema, pi3Hi MM |IKM curHanis BUPI3HAKOTLCA TaKUMMU
napameTpaMmu AK LWWUPUHA CMYrM 4YacToT Ta e(eKTUBHICTb ii BUKOPMUCTAHHA,
MOUBICTb 3abe3neyeHHs HaAiMHOI CMHXPOHI3aLi, HaaBHiCTb BOyaoBaHMx 3acobis
BMABNEHHA NMOMW/IOK, 3aBaAOCTiMKIiCTb Ta iHwe. Bubip tuny IKM curHany, wo 6yae
BMKOPMCTOBYBATUCH, 3a/1EXKUTb Bifg, 0CO6/IMBOCTEN KOHKPETHOI CUCTEMM Ta BUMOT, AKi
[0 Hel BucyBalTbcA. [leTanbHiwe 3 pisHUMKUM Tunamu curHanis IKM Ta ix
XapaKTePUCTUKAMM MOXKHA 03HaMOMUTUCL B [12].
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KOHTpOsbHI 3anuUTaHHA

1. Lo 3a BU3HAYEHHAM HA3MBAKOTb ANCKPETU3ALIEID CUTHANY?

2. Lo € pe3ynbTaTOm gMCKpeTM3aLii curHany?

3. AKy cxemy BWKOPUCTOBYIOTb 3a3BMYaM NpU TEXHIYHIM peanisauii npouecy
AUCKpeTM3au,in?

4. Axkoo noBMHHa 6yTKM 4YacToTa AUCKPETM3aujii CurHany 3rigHo Teopemu
KoTenbHuKoBa-Halksicta?

5. 10 AKUX HacnigKiB Npu3BoAMTb HENPaBUAbHMI BUOIp 4acTOTU ANCKPETU3aL,i?

6. fAKy4yacToTy Ha3MBalTb YacToTolo HankeicTa B undposii 0bpobui curHanis?

7. AKWM NpPUCTPIN Bifirpae ronoBHy po/ib NPU NEPETBOPEHHI aHANOTOBOro CUrHaNy y
undposy popmy?

8. Lo TaKe nepeanckpeTmnsauin i 4nA Yoro BoHa NoTpibHa?

9. [na 4oro npu AUCKpeTM3auii BMKOPUCTOBYIOTb MNONEpeaHI0 HM3bKOYACTOTHY
dinbTpauito curHany?

10. LLlo Take KBaHTyBaHHSA CUTHaNy?

11. LLlo TaKe Wym KBAHTYBaAHHA i AK BiH BN/IMBAE Ha AKICTb LMGPOBOro 3BYKy?

12. LLlo TaKe NOMUAKN HAaCUYEHHA?

13. Ak BiabyBa€eTbCA NepeTBOPEHHA 3HAaYEHb CUTHANY Y ABINKOBUIA KO4,?

14. 33 LONOMOrot0 AKMX CUIHANIB 3aKOA0BaHI ABIMKOBMM KOAOM JaHi nepesaroTbeA
UMPpPOBMM KaHa/IOM 3B'I3KY?

15. AKi YNHHMKKM BN/ANBAOTb HA AKICTb OTPUMAHOrO 3BYKOBOFO CUrHAAy npu MOro
nepeTBOpPEHHI 3 aHanorosoi opmu y undposy?

naBa 5. CTucHeHHs 3ByKOBOI iH(hopmauii

5.1. Anroputmun Komnpecii uudppoBux ayaiogaHux

MpeacTaBieHHA BUCOKOAKICHMX 3BYKOBUX CUTHaNIB Yy LMPPOBiA GopmMi LLUMPOKO
BMKOPUCTOBYETLCA B CUCTEMAX PALIOMOBNAEHHSA Ta TenebayeHHA, B CUCTEMAX 3anucy,
36epiraHHA Ta BIATBOpeHHA iHPopmaLii, a TakoXK npu 0b6pobui, MOHTa)Ky Ta
peaaryBaHHi ¢$OHOrpam, npu CTBOPEHHI HOBMX HE3BUYHUX BUAIB 3BY4YaHHA, B
MYAbTUMEZINHUX TEXHOOTIAX TOLLLO.
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Mpn nepBMHHOMY KOAYyBaHHI B XOAi NepeTBOPEHHA aHaN0roBoro 3BYKOBOro
curHany B umdposy dopmy 3a3BUYA BUKOPUCTOBYETHCA PIBHOMIPHE KBaHTYBaHHSA
BiANIKIB UbOro cUrHany 3 posainbHoto 3aaTtHicTio AA = 16 — 24 6im/8idnik npwu
yacToTi anckpetusauii F; = 44,1 — 96 Kly. Y KaHanax CTyAiNHOI AKOCTI 3a3BM4Yau
AA = 16 6im/gionik, F; = 48 K[y, cmyra 4acTOT KOAOBAHOro 3BYKOBOIO CUrHasy
AF = 20— 20000 ry. AvHamiyHMM piana3oH TaKoro UMPPOBOro KaHany CKNagae
6nmsbko 54 06. Akwo F; =48klMy T1a AA = 16 6im/8i0onik, TO WBUAKICTb
uMppoBOro NOTOKY MpM nepegadvi OAHOrO TAKOro CUrHany AopiBHOE 48 X 16 =
768 kbim/c. Lle BMmarae cymapHOi MPOMYCKHOI 34aTHOCTI KaHa/ny 3B'A3KYy npu
nepepgavi 3Bykosoro curHany ¢opmartis 5.1 (Dolby Digital) abo 3/2 natoc KaHan
HagHu3bkMx 4actoT (Dolby Surround, Dolby-Pro-Logic, Dolby THX) 6inbwe
3,840 M6im/c. Ane nioanHa 30aTHa CBOIMW OpraHamm Bia4YyTTA CBiAOMO 06pobAATH
mwe 6amsbko 100 6im/c iHbopmauii. Tomy MOXHa roBOPUTU NPO BAACTUBY
nepBUHHUM LMPPOBMM 3BYKOBMM CMIHANAM 3HAUYHY HAaA/IMLLIKOBICTb.

CTaTMCTMYHA Ha4MLWIKOBICTb 0OyMOB/IEHA HAABHICTIO KOpenAauinHoro 3B'A3Ky
MiXK  CyCigHiMM  BigniKamMM 4acoBOi  (QYHKLIT 3BYKOBOrO CWUrHany npu  MOro
AunckpeTtusauii. [nAa ii 3MeHWeHHA 3acTOCOBYIOTb AOCUTb CKAAAHI anroputmum
06po6KK. MpK iX BUKOPUCTaAHHI BTPATK iHPOpMaLii HeMae, NpoTe BUXiAHWIA CUTHAN
BUABNAETbCA NPeACTaB/IEHMM B KOMNAKTHIWIN GOpPMi, LLO BUMAra€ MeHLLOi KiIbKOCTI
6iT npu oro KoayBaHHI. BaxknuBo, wWob6 BCi Ui anroputmn possoasam 6 npwu
3BOPOTHOMY NepeTBOPEHHI BiAHOBAOBATM BUXiAHI curHanm 6e3 cnotBopeHsb. lMpoTe,
HaBiTb NPW BUMKOPWUCTAHHI AOCUTb CKAAAHMX npoueayp 06pobkM yCyHeHHsA
CTaTUCTUYHOI HAA/IMLLKOBOCTI 3BYKOBUX CUMHANIB A03BONAE 3PELTO 3MEHLWNUTU
HeobXiAHY NPONYCKHY 34aTHICTb KaHany 3B'A3Ky Anwe Ha 15-25% B nopiBHAHHI 3 ii
NMOYATKOBOK BE/IMUYMHOLO, WO HiAK HE MOXHA BBAXKaTW 3HAYHUM LOCATHEHHAM.

Micna yCyHEeHHA CTAaTUCTMYHOI HAA/IMLWIKOBOCTI WBWUAKICTb LUUMGPOBOro NOTOKY
npu nepepadi BUCOKOAKICHUX 3BYKOBWUX CUMHANIB | MOMKAMBOCTI NOAMHWU MO X
06pobui BiAPiI3HAIOTLCA, NPUHAMMHI, Ha AeKiNbKa Nnopaakis. Lle cBiguMTb TaKoX Npo
iCTOTHY NCUMXOAKYCTUYHY HAA/NLLIKOBICTb NEPBUHHUX LUPPOBUX 3BYKOBUX CUTHANIB i,
OT)Ke, NP0 MOXKAUBICTb ii 3MeHLEeHHA. Hanbinbll nepcnekTUBHUMM 3 LIET TOYKM 30pY
BUABUAUCA METOAM, WO BPAXOBYIOTb TaKi BAACTUBOCTI CAYyXYy, AK MACKYBaHHA,
nepegMackyBaHHSA Ta NiciAMacKyBaHHA. AKLLO BigOMO, AKi 40N (4aCTMHM) 3BYKOBOIO
CUTHaNy BYXO CNPUMMAE, A AKi Hi BHAaCNiA4OK MACKyBaHHA, TO MOXHa BUY/IEHYBATY i
noTiMm nepegaTtM Mo KaHany 3B'A3KYy /MWE Ti YAaCTUHM CUTHANYy, fAKi BYXO 34aTHe
CNPUMHATK, @ HeYyTHi aoni (CKnagoBi BUXIAHOrO CUrHany) MOMKHa BiAKWMHYTU (He
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nepenaBaTy No KaHany 3B'A3Ky). Kpim Toro, curHanm moXHa KBaHTYyBaTW 3 AKOMOra

MEHLLOK PO34iNbHOK 34aTHICTIO MO PiBHIO TaK, W06 CNOTBOPEHHS KBaHTYBaHHS,

3MIHIOKUYMCb NO BEAWYMHI i3 3MIHOK pPiBHA CaMOro CUrHanay, we 3anuwanuca 6

HeYyTHUMM, TOOBTO MackyBanuca 6 BuxigHMM curHanom. lpoTe, nicnA yCyHEHHA

NCUX0AKYCTUYHOI HAA/INWKOBOCTI TOYHE BIiATBOPEHHA ¢GOPMM 4YacoBOi GYHKLUIT

3BYKOBOrO CUrHaNy Npu AeKoAyBaHHi BUABNAETbCA BXKE HEMOXK/UBUM.

HalHoBiWwi gocnigKeHHA, BUKOHaHi B 0b6nacTi komnpecii undposumx ayaiogaHmx
HanpuKiHui XX Ta noyaTtky XXI| cToniTh, npu3sBenM [0 NOABUM HOBUX MeETOLIB
KOAyBaHHSA:

- MUSICAM (Masking Pattern Adapted Universal Subband Integrated Coding and
Multiplexing), po3pobneHuit cninbHO IHCTUTYTOM TexHiku pagiomosneHHs (IRT,
HimeuyunHa), dipmoto Philips (HinepnaHam) ta MixKHapoAHMM KOHCY/NbTaTUBHUM
KomiTeTom no tenerpadii Ta TenedoHii (CCITT, ®paHuis);

- OCF (Optimum Coding in the Frequency Domain), po3po6si1eHnii B YHUBEPCUTETI
dpnaHreHa-HiopHbepra (HimeuunHa);

- PXFM (Perceptual Transform Coder), po3pobnenunit y AT&T Bell Labs (CLUA);

- ASPEC (Adaptive Spectral Perceptual Entropy Coding), po3pobneHuit cninbHO
dipmamm  AT&T Bell Labs (CLWA), Dutsche Thomson Brandt (®paHuis),
yHiBepcuTeTamum Eriangen Ta Hannover (HimeuunHa), a Takox ¢ipmoto Fraunhover
Geselschaft (HimeyuunHa);

- ATRAC (Adaptive Transform Acoustic Coding), po3pobneHuii dipmoto Sony.

Ha 6a3i unx metoais 6ynun po3pobneHi eBponeiicbki ctangaptm MPEG-1 ISO/IEC
11172-3 [13], MPEG-2 ISO/IEC 13818-3, 13818-7 [14, 15], MPEG-4 ISO/IEC 14496-3
[16], a Takox ctaHaapT ATSC Dolby AC-3 (po3pobnenuit y CLUA, Ak anbTepHaTMBa
ctaHgapTtam MPEG) [17].

He AauBnAYMCb Ha 3HayHe PI3HOMAHITTA aNropuTMiB Komnpecii umMdpposmx
aygiofaHux, CTPYKTypa Kogepa, WO peanidye Takuh anroputm obpobku curHanis,
MoXe OyTW npeactaBneHa y BWUIAAAj y3arasbHEHOI CXeMM, WO MNOKa3aHa Ha
pucyHKy 30. B OCHOBI Li€Ei cxeMu NeXnTb Ncuxoakycmu4yHa modesb, sika byayetbes

Ha OCHOBI BUKOPUCTAaHHA GEHOMEHY CNPUNHATTA NHOAMHOIO 3BYKY ANA CTUCHEHHSA Ta
nepegadi 3ByKoBOi iHpOpPMaLLii 3 BTpaTamMm Npu ogHOYACHOMY 36epeXKeHHi i AKOCTI
Ha A4OCTaTHbOMY pPIiBHi.
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YacoBa Ta 4acToTHa HopmyBaHHs Ta EHTponiniHe

> cermeHTauis |:|'> KBaHTyBaHHS |:|'> KOZYyBaHHS

3BYKOBOIO CUrHasmny curHany curHany
OcHoBHa HopatkoBa
——| PospaxyHok ayaioiHd-Uisa aygioiHg-Lis
BxigHun NCMX0aKyCT.
IKM eHTponil : -
curHan [dvHamivHuin ®opMyBaHHS

McuxoakycTuyHa :> F;ZT;SE;‘LE |::> LMdpPOBUX NOTOKIB

Moaenb Ta 3aBajocCTilke
CMOTBOPEHHAMM
KOQyBaHHS
KBaHTYBaHHS
Po3paxyHok CTnchHyTURN
rnobansHOro nopory aypiocurHan

MaCKyBaHHA

Puc. 30. Y3arasibHeHa CTPYKTYpHa CXeMa KoAepa 3 KOMMpPECi€to
UMbpPOBUX ayaioaaHmMX

MoyaTkoBMIN UMPPOBUIA 3BYKOBUN CUTHAN, WO € HECTUCHYTUM IKM umdpposum
NOTOKOM JaHUX, PO3A4INAETLCA HA YAaCTOTHI NiAAiana3oHM Ta CerMeHTYETbCA 32 YacoM
y 6noui yacoBoi Ta 4acToTHOiI cermeHTauii. [loB¥XMHA CErmMeHTy, WO KOAYETbCA,
3aN1eXnTb Big GopMM 4acoBOi PYHKLiT 3BYKOBOro curHany. Mpu BiaCYTHOCTI pi3KuX
BUKMAIB MO aMNANiTyAi BUKOPUCTOBYETLCA TaK 3BaHa Ao0Bra BMbipKa, wo 3abesnevye
BUCOKY pPO34i/IbHY 34aTHICTb 3a 4acToTokw. Y BMNAAKY Pi3KOI 3MIHM amnaitygm
CUTHaNY AOBMWMHA CErMEHTY, WO KOAYETbCA, Pi3KO 3MEHLWYETbCA, WO aae binbwy
pPO34inbHY 34aTHICTb 3@ Yacom. PiweHHA npo 3MiHY AOBXWMHM CermeHTa, LWo
KOAYETbCA, NPUIMMAE ONOK MNCUXO0AKYCTUYHOI Mogeni, obYMCAOYM 3HAYEHHS
NCUXOAKYCTUYHOI eHTPOMii cMrHany.

[lcuxoaKycmu4yHa eHmponia — ue MiHiManbHa MOX/MBA KiNbKicTb 6iTiB, fKa

HeobXxigHa ANA KoayBaHHA AaHOro 3ByKy 6e3 BiAYyTHOro moripweHHA AKocTi. Ana
BM3HAYEHHA LbOro MapameTpy CUrHa/ CNoYaTKky NepeBoAMTbCA B YACTOTHO-4acCoBY
obn1acTb, a NoTiM ByaytoTbCA 2/1060/16Hi MOPO2U MCUXOAKYCMUYHO20 MACKYB8AHHSA, W0

€ pPO3MOAiNOM eHepril CUrHany 3a YacToTaMM Ta 3@ 4acom, MNpu  AKOMY
AOCNiAXYBAaHMN curHan byae mackyBaTUCA 3aldHMM MacKyluuMm curHasnom. Len
po3noain byayeTbca AK cynepnos3uuis NOporiB MacKyBaHHA Bif, OKPEMUX FapPMOHIK
CUrHany, wo mackye. Came TOMy TaKMM OTPUMAHMM NPU LLbOMY MOPIr MAaCKyBaHHA
HA3MBAETbCA rM06ANbHUM, OCKINIbKU BiH XapaKTepM3ye He OKPeMi rapMOHiKK, a BECb
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3BYK. Bumxoasum 3 rnobanbHUX MNOPOriB MACKYBaHHS, O/1A KOXHOFO 4aCTOTHOro
nigaianasoHy pPO3pPaxoBYETbCA MAKCMManbHO AONYCTUMWUIA pPiBEHb CMNOTBOPEHb
(WymiB) KBaHTYBaHHS, NMPM SIKOMY BOHU LE MACKYHTbCA KOPWUCHMM CUFHA/OM
AQHOro nigaianasoHy. licns Uboro OUHIOETLCA KiNbKicTb 6iTiB, AKMMM HeobXxiaHO
KBAHTyBaTW CMeKTp, Wob Wym KBaHTYBaHHA HE NepeBuLLYyBaB NOPOriB MaCKyBaHHA.
BoueBunab TaKa OLiHKa 3aneXnTb Big cnocoby KoayBaHHA 3BYKY.

MichA  cermeHTauil CUrHaAM  YacTOTHUX  NigAianasoHiB  HOPMYIOTbCA,
KBAHTYHOTbCA Ta KOAYOTbCA. B HallepeKTUBHILLNX aAropnuTMax KoOMNpecii KogyBaHHIO
nianatoTbCA HE CaMi BiANIKM CErMEHTIB 3BYKOBOrO CUTHasy, a KOe@iuieHTH, Wo im
BiANOBIAAIOTD.

Bnok  pguMHamiyHoro posnoainy 6iT y BignosigHOCTI 3  BMMOramm
NCUXOAKYCTUYHOI Mogeni ANA KOXHOro nigaianasoHy KoOAyBaHHA BUAINAE TaKy
MiHIManbHO MOX/INBY iX KiNbKiCTb, MPU AKIN pPiBEHb CNOTBOPEHb, LLO BUKAUKAHUN
KBAHTYBaHHAM, He MNepeBMULLYE MOPOry iX YyTHOCTI, WO PO3pPaxoBaHUMN
NCUXOAKYCTUYHOIO MOAENNIO.

Ona noAaTKOBOro CTUCHEHHA iHGopMaLii BUKOHYETbCA eHmponiliHe KOOY8AHHA
BUXigHOro UMPPOBOro NoToKy. EHMponiliHum KOOy8aHHAM Ha3MBAETbCA KOAYBAHHA

3HayeHb UMPPOBOI NOCAIAOBHOCTI (3 MOXIMBICTIO OAHO3HAYHOrO ii BiATBOPEHHSA) 3
METO 3MeHLeHHA 06’emy iHpopmau,ii (40BXKMHM NOCNILOBHOCTI) 33 AOMNOMOrOH
ycepeaHeHHA MMOBIPHOCTI NOABU CMMBO/IIB NOCNIA0BHOCTI. CyTb LUbOro KOAyBaHHA —
3p0OUTK eHTpoNito MaKCMMasibHOW (MMOBIPHOCTI NOABM OKPEMUX CUMBONIB
NOCNIAOBHOCTI € MPAKTUYHO oAHaKoBMMM). MNepen KOAyBaHHAM OKpPeMi CMMBOAM
NOCNiAOBHOCTI 3a3BMYal MalOTb ICTOTHO Pi3HY WMOBIpHiCTb noasu. [licna
eHTPONiIMHOro KoAyBaHHA YTBOPHOIOTLCA HOBIi CMMBOIM NOCAIAO0BHOCTI, MMOBIPHICTb
NosBM AKMX CTAa€ OAHAKOBOIO. 3rigHO Teopemu LLIeHHOHa, iCHYE MmeXKa CTUCHEHHSA 6e3
BTPAaT, AKa 3aneXuTb Big eHTponii gepena. Ynmm 6inbw nepepbayysBaHo €
iHbopMmaLia, TUM Kpawe ii MOXKHa CTUCHYTU. BianoBsigHO BMNaaKoBa NOCNiIAOBHICTb
CTUCHEHHtO 6e3 BTpaT He Niafa€eTbCA.

5.2. CimenctBo ctaHgaptiB MPEG
MPEG po3wundposyetbca Ak "Moving Picture Coding Experts Group",

[OCNIBHO — rpyna eKcrnepTiB Mo KoAyBaHHIO PyX/AMBUX 306pakeHb. LA rpyna 6yna
chopmoBaHa ana po3pobKM CTaHAAPTIB CTUCHEHHS Ta nepedadi uMdpoBoi BUAEO Ta
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aygio iHdopmauii. MPEG Bege csoto ictopito 3 ciyHa 1988 poky. MounHatoum 3
nepwmx 360pie B TpasHi 1988 poKy, rpyna noyana 3poctatu, i BUPOCAa A0 AyKe
BE/IMKOro KosekTusy ¢axiBuiB. 3a3Bmyain, B 36opax MPEG 6epyTb y4yacTb 6113bKO
350 ¢axisuis 3 noHag 200 komnaHin. Benunka yactMHa y4dacHukie MPEG — ue
¢daxiBLj, 3aMHATI B TUX ab0 iHWMX HAYKOBUX Ta aKaAeMiYHUX YCTaHOBaX.

detanoHuin ornap ctaHpaptis MPEG npepactasnenHunn y [18]. Tyt 6yaytb
PO3rNAHYTI AMLWEe OCHOBHI TEXHOANOriI Ta MNPUHUMNWU, NOKNALEHI B OCHOBY LMUX
CTaHAAPTIB, AN1A KOAYBAHHA Ta CTUCHEHHA 3BYKOBOI iHbopMmau,ii.

5.2.1. Ctanpgapt MPEG-1

CraHgapt MPEG-1 (ISO/IEC 11172-3) BKAKOYAE TPU aNrOPUTMU Pi3HUX PiBHIB
cKknagHocrTi: Layer (piBeHb) |, Layer Il Ta Layer Ill. Mpoobpa3som ana Layer | Ta Layer |l
ctaB ctaHaapT MUSICAM. Uum im’am iHoai HasuBatoTb Layer Il. Layer Il pocarae
HanbinbWOro CTUCHEHHs, ane, BiANOBiAHO, noTpebye Obinbwe pecypciB Ha
KoAyBaHHA. 3arajsibHa CTPYKTypa npouecy KoAyBaHHA OAHAKOBa ANA BCiX PIiBHIB.
MNpoTe, He AMBAAYUCL HA CXOXKICTb PIBHIB B 3ara/ibHOMYy niaxoai A0 KOoAYyBaHHA, PiBHI
PO3PI3HAIOTLCA MO LIAbOBOMY BMKOPUCTAHHIO Ta BHYTPIWHIM mexaHisamam. [na
KOYKHOrO PiBHA BU3HAYE€HWI CBiN LMPPOBMI NOTIK (3arasbHa WMPUHA NOTOKY) Ta CBiM
aNrOpPUTM AeKoAyBaHHA.

MPEG-1 npu3Ha4yeHMW AnA KOAYBAHHA CUrHaniB, ouMPpOBaHUX 3 4ACTOTOH
AanckpeTtmsauii 32, 44.1 abo 48 kly. KoxKeH piBeHb, Wo BUKOPUCTOBYETLCA B MPEG-1
3abe3neyye pi3Hi KoedilLiEHTU CTUCKAHHA Ta Pi3HY AKICTb 3BYYaHHS MNOTOKIB, WO
OTPMMYIOTbCA. BignoBigHi KoedilieHTM CTUCHEHHA Ta WBUMAKICTb nepeaadi AaHWUX
ANA OAHOrO KaHa/y 3 4acToToto AncKpeTusauii 32 KMy npeactasneHi y tabauu,i 4.

Tabnuua 4. Napametpn MPEG-1 (3aTBeparkeHiy 1992 poui)

LWBuakictb nepeaaui, kbps

Cnoci6 KoayBaHHA (Kino6ir 3a cex.)

KoeoiuieHT cTUCKAHHA

Layer | 192 1:4
Layer lI 128..96 1:6..8
Layer Il 64..56 1:10..12
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MPEG-1 Hopmye Ans BCiX TPbOX PiBHIB HACTyNMHi HOMIHANM LWWBUAKOCTEN
undposoro notoky: 32, 48, 56, 64, 96, 112, 192, 256, 384 i 448 kb6im/c,
PO3pPAAHICTb PiBHIB KBAaHTYBaHHA BXiAHOro curHany — Big 16 go 24. CtaHAapTHUM
BXiAHUM curHasom ana Kogepa MPEG-1 npunHATMA umdposuint curHan AES/EBU
(nBOKaHaNbHUN LUNDPOBUIM 3BYKOBUIN CUFHAN 3 PO3PAAHICTIO KBaHTyBaHHA 20 — 24
6iTa Ha Bianik). NMepenbayatoTbca HACTYNHI pexxumm poboTn 3ByKOBOro Kogepa:

- NOOANHOKMM KaHan (MOHO);

- NoABiIHWI KaHan (cTepeo abo ABa MOHOKaHanu);

- joint stereo (y AaHOMY perkumi KoaytTbCA He NiBWUI | NpaBUiA KaHan, a IX CymapHa
CK/laf0Ba Ta pi3HMLEBaA).

Hansaknusiwoto snactusictio MPEG-1 € noBHa 3BOPOTHA CYMICHICTb YCiX TPbOX
piBHiB. Lle 03HauaE, WO KOXKEH AeKoaep MOXKe AeKOAYBaTM CUrHAAM He nLle CBOro,
ane M piBHIB, WO 3HaxoaATbCcA HUXKYe. MPEG-1 BMABMBCA NeplIMM MiKHAPOAHUM
CTaHAAPTOM UMGPOBOro CTUCKAHHA 3BYKOBMX CUIHANIB i Le 3yMOBWIO MOro LUMPOKE
3acTocyBaHHA B 6aratbox 0651acTAX: MOB/EHHI, 3ByKO3anuci, 3B'A3Ky Ta Y
MY/IbTUMELIMHUX 3aCTOCyBaHHAX. Hanwwupwe BUKOpUCTOBYETbCA Layerll, AKui
YBIMLWOB CKNQ4OBOK YaCTMHOK B €EBPOMENCbKI  CTAaHAAPTM  CYMYyTHMKOBOrO,
KabenbHOro i HasemHOro MoBseHHA uudposoro Tb, B CTaHZaApTM 3BYKOBOrO
MOBJIEHHA, 3anucu Ha DVD Ta iH. PiBeHb Il (Moro we Ha3msaoTb MP3) 3HaMwoB
LWMPOKEe 3aCTOCyBaHHA B LUMGPPOBUX MepeXkax 3 iHTerpanbHUM 06CNyroByBaHHAM
(ISDN) Ta B mepexi IHTepHeT. MepeBakHa BiNbLIICTb MY3UYHUX PalniB B MepeXi
IHTepHeT 3anmncaHi came B LbOMY CTaHAAPTI.

dopmar MIP3

dopmat cTucKyBaHHA ayaiogaHux MP3 (ckopoueHHa Big MPEG Layer lll) —
OAMH 3 NepLmnx NonyaapHMX cnocobiB CTUCKaHHA 3BYKY. Po3pobneHnit HimeubKoto
KomnaHieto Fraunhofer 1IS 3a niatpumkn ¢ipmn THOMSON. 3abesneyye BUCOKY
AKICTb 3BYKY NPW NOPIBHAHO HEBEMKMX PO3Mipax panny.

Bucokui crtyniHb ctucHeHHAa B MP3 pocAaraetbcA 3a pPaxyHOK A0OCTaTHbO
CKNAAHOrO anropuTtmy KoAyBaHHA. BUKOPUCTOBYIOTbCA AK MaTeMaTUYHI meToaum
Komnpecii, Tak i 0cobANBOCTI NOACBKOrO CAyxy (MCMXoakyCcTUYHA MoAesb): edeKT
MACKyBaHHA CNabKoro 3ByKy OAHIET YaCTOTU TYYHILIMM 3BYKOM Ti€i X abo cycCiaHboi
4YaCcTOTU, MOHWUMKEHHA YYTAIMBOCTI ByxXa A0 TUXOro 3BYKY Bigpasy Micasa ry4yHoro, a
TAKOX HECNPUMHATHICTb A0 3BYKiB HMXX4Ye NEBHOro PiBHA rydHocTi. [OTiK 3BYKY npwm
KoAyBaHHi po3bMBAETLCA Ha PiBHI AiNAHKKU (Pperimun). KoxkeH 3 dpenmiB KoayeTbea
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OKpemo 3i CBOIMM MapameTpamMu i MICTUTb 3aroN0BOK, B AKOMY Ui napameTpu
BKasaHi. ®aiinm MP3 3a3Buuait 3akogosaHi 3 biTpeiTom Big 64 go 320 k6im/c, a
TAKOX i3 3MiHHUm 6impelimom (VBR) — KoAum Ana  KoXKHoro ¢dperima
BUKOPUCTOBYETLCA CBilA, ONTUMANIbHUIM ANA AAHOI AiNAHKK, BiTpenT.

MpUMHUMN KOAYBAHHA MNOANArA€E Yy HACTynHomy. [loyaTKOBWMM CUrHan 3a
A0NOMOroto QinbTpiB PO3AINAETLCA HA AEKiNbKA YAaCTOTHUX Aiana30HiB, A5 KOXHOro
Aiana3oHy BM3HAYAETbCA BE/IMYMHA MACKYHOUOro edekTy Big CyCigHiX Aiana3oHiB i
nonepeaHboro ¢perma, HeICTOTHI CUrHaAW irHopyTbca. [Na  AaHuX, LWo
3a/IMWKANCA, ONA KOXHOro Aiana3oHy BM3HAYAETbCA, CKilbKOMa 6iTamMuM MOXKHa
MOXepPTBYBaTH, WOO BTPATM OYyAM HUNKYI 33 BeAMUYMHY MacKytodoro edekrty. Ha
LbOMYy pPODOOTa MNCUMXOAKYCTMYHOI MOAeni 3aBepllyeTbCA, a MiACYMKOBWI MOTIK
A04aTKOBO CTUCKYETbCA MO anroputmy Xadpodmana (aHanoriuHo RAR apxisatopy).
Mpu 6itpenti 320 k6im/c 3acTOCOBYETbCA NMLIE NiACYMKOBE CTUCKYBaHHA, 6e3
NMCUX0AKYCTUYHOrO MOAENOBAHHS.

Nepesaramu ctaHgapty MP3 €:

- BWCOKMM CTYMiHb CTUCHEHHA NPU NPUNHATHIN AKOCTI 3BYKY;

- CTYNiHb CTUCHEHHA | AKICTb MOXKe PeryatoBaTMCA KOPUCTYBAYEM;

- ¢dpenmoBa CTPYKTypa 3pyyHa ONA nepejadvi No mepexKi, J03BONAE nepexig Ao
byab-akoro micua danny;

- LUMPOKeE NOLWMPEHHA anapaTypu Ta nporpam.

5.2.2. Ctanpgapt MPEG-2

MPEG-2 ue po3wunpeHHa MPEG-1 y 6ik 6aratokaHanbHOro 3ByKy. Hacnigkom
cymicHocti MPEG-2 3 MPEG-1 B 4acTMHi KoAgyBaHHA 3BYKY CTajsio MOBHe
BUKOPUCTAHHA TPUpPiBHEBOI cucTtemu, po3pobneHoi B MPEG-1 ans ob6pobKku
3BYKOBMX AaHUX Kogepamu ctaHgapty MPEG-2. BigmiHHOCTI MiX cTaHgapTamum
MOYNHAOTLCA NPU Nepexoai Bifg, ABOKAHANbHOrO 3BYKY, MPUMHATOrO 3a OCHOBY B
MPEG-1, no 6aratokaHanbHOro 3BYKY, WO NiaTpUMYy€eTbCA B MPEG-2.

MPEG-2 cneumndikye BigMiHHOCTI pexxnmy nepeaadi 6araTokaHasbHOro 3BYKY, Y
TOMY 4YMCAi N'ATUKAHaNbHUI GopmaT, CEMMUKAHANIbHUIM 3BYK 3 ABOMA A04aTKOBUMM
rY4HOMOBLAMM, LLLO BUKOPUCTOBYIOTbCA B KiHOTEATPaX 3 AY)KEe LWMPOKMM eKPaHOM, a
TAKOX PO3WMPEHHA UMx PopMarTiB, WO MICTATb OKPEMMUN HU3bKOYACTOTHUIN KaHan.
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BignosiaHe po3TallyBaHHA r'Y4HOMOBL,iB NOKa3aHe B Tabauui 5. B gaHui tabnuui B
YncenbHUKy Apoby BKA3yeTbCA YNCA0 GPOHTANIbHUX KaHANIB, B 3HAMEHHWUKY — YUC/IO
KaHanis, WO BUKOPUCTOBYIOTLCA N03aAy.

Tabauua 5. lepapxis 6araTokaHaNbHUX 3BYKOBUX CUCTEM 3riaHO cTaHaapTiB MPEG-2

P
Cucrema KaHanu NMo3HayeHHA °3TamyBaH.H A
ry4yHomoBLiB
MoHo M 1/0 i’w
M
//i\
y \
MoOHO + MOHO M 1/1 L \,
Ms Q\\_— 0Ms
[lBOoKaHanbHa cTepeo L/R 2/0 L =<y R
\\\2"/// \
[lBOKaHanbHa CTevpeo L/R/Ms 2/1 /e
+ 1 oTOYUYHOUMI ] |
[lBOKaHanbHa cTepeo LR/Ly/R 2/2 (Mz) @\ ,O(RMSS)
+ 2 OTOUYIOUMX > ~—"
C
TpuKaHanbHa CTepeo L/C/R 3/0 ] .
TpuKaHaNbHa CTepPeo ? 60° /3\
o L/C/R/Ms 3/1 [ -
+ 1 oTouyrouMn I ) \,
TpuKaHaNbHa CTEPEO Ls Rs
L L 2
+ 2 OTOUYIOUMX /CIR/LS/Rs 3/ (Ms) Q\ /0 (Ms)

OgHum 3 pi3HOBMAIB 6araTokKaHanbHOro 3BYKY € 6araTOMOBHMI 3BYKOBWIA
cynpoBia. BiH moxe 34iicHioBaTMCA abo nepegaveto oKpemoro UmMppoBOro NoToky
NNA KOXXHOT MOBM, abo A04aBaHHAM AEKiIbKOX (40 7) MOBHMX KaHaniB i3 WBUAKICTIO
64 k6im/c po 6araTokaHanbHOro notoKy 384 k6im/c. MoxnuBa nepepava
A00aTKOBMX 3BYKOBUX KaHaNiB An1a NH0AEN 3 NOTipWEHHAM 30py Ta CAyXY.

Cuctema noninweHoro KogysaHHA 3ByKy AAC

OAHi€l0 3 KpalLKUX Cy4aCHMX CUCTEM CTUCKYBAHHA 3BYKY BM3HaHa cuctema AAC
(Advanced Audio Coding — BAOCKOHaneHa cuUcTeMa KoAyBaHHA  3BYKY),
cneundikoBaHa B CbOMiMt 4acTMHi ctaHpapty ISO/IEC 13818. dopmat AAC €
CKNafoBOK YacTMHOW cTaHaapty MPEG-Audio. Cneuudikauis ¢dopmaTty 6yna
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po3pobneHa Tiew X ¢ipmoto, wo po3pobuna craHgapt MP3 (Fraunhofer IIS).
TexHiYHi xapaKTepucTMKn popmaty: 3abesneyeHHs niaTpumkn Big 1 o 48 KaHanis 3
YyacToTol AucKpeTusauii Big 8 no 96 kly, pobota 3 biTpentamun Big, 8 k6im/c ana
MOHO curHany ao 160 k6im/c Ha KaHan ANA BUCOKOAKICHOTO KOAYyBaHHS.
Ha gaHMi momeHT Hamsigomiwmmm € 4otmpu pisHosuam édopmaty AAC, wo

6ynu cTBOpEHi B pamKax ctaHaapty MPEG-2:

1. Homeboy AAC;

2. AT&T a2b AACG;

3. LiquifierPRO AAC;

4. Astrid/Quartex AAC.

Bci ui moandikauii HecymicHi mixk coboto, MatoTb BNacHi Kogepu/aekoaepu Ta €
HEeOAHAKOBMMM 33 AKICTIO. Po3rnaHemo 3a3HauveHi opmaTn geTanbHiwe.

Koaep Homeboy AAC cTaB nepwmm 3arasibHO4OCTYNHUM KOAEPOM ANA NepLuoi
Bepcii AAC. MpoTe, Moro sKkicTb 3anmwana 6axkatn Kpaw,oro. EAMHMM NJIFOCOM LbOTO
Kogepa 6yno pocarHeHHA AkocTi MP3 3 6utpeirtom 128 K6um/c Ha HMMKUMNX
biTpentax. Ha cborogHi uen ¢opmaTr € MNPaAKTUYHO MEPTBUM | MaliXKe He
3yCTpIYa€eTbLCA.

B cneujanizoBaHux nabopaTopifax NOTy*KHOi KomnaHii AT&T 6yB cTBOpeHui
iHWWI PopmaT CTUCHEHHA aydio AaHuX, WO OTpumas Ha3sy alb. Uein dopmar
NPaAKTUYHO MNOBHICTIO HaCAiAyE Ti X cami NPUHUMNM KOMMpecii, wo i ¢popmar
Homeboy AAC, npote B Hbomy 6ynu 3pobneHi 3HayHi 3ycunna no niaBULLEHHIO
AKOCTi 3By4aHHA. CKNagoBOK YacTMHOK a2b CTann MOMKAMBICTb  BK/IHOYEHHS
306paXKeHHA BUKOHABUA Ta TEKCTY MiCHi Yy 3ByKOBUMN pann. Mo AKOCTi CTUCHEHHS Len
dopmart nepesaxkae MP3. fKicTb 3ByyaHHA a2b 3 6iTpelitom 96 kKb6im/c nopiBHAHA 3
akicTio MP3, wo mae 6itpent 128 k6im/c. He gmMBnAYUCbL Ha OYEBUAHY nepesary
dopmaty, BiH He 3HAMLIOB LIMPOKOrO BXWUTKY MNepeaycim 3a PaxyHOK TOro, LWO
3aranbHOAOCTYNHOrO KoAaepa 414 HbOro He iCHyBano.

®ipma Liquid Audio y 60poTbbi 3a nepuwictb B 061acTi BUCOKOAKICHOT KOomnpecii
3BYKY 3aBAafla HULWIiBHUM yaap no ambiyiax iHWKWX KOHKypeHTiB. YiTKO
AOTPUMYHOUMCh YCiX TEXHIYHUX TOHKOLLIB BOHA po3pobuna sepcito popmaTty AAC, sika
NO CTYNeHK CTUCHEHHA Ta AKOCTI 3BYYaHHA MNepeBarka€ yCi BiAOMI Ha CbOroaHi
dopmatm MPEG-2. Haxkanb, uen dopmat Tak camo, K i popmart Big KomnaHrii AT&T,
He MAE 3arasibHOA40CTYNHOro Koaepa.

-82 -



®opmat Astrid/Quartex AAC 6yB po3pobneHuii 0OgHMM HIKOMY HEBiAOMUM
nporpamictom. Ha ocHoBi onybnikoBaHux ¢ipmoto NTT BuxigHux Kogis MP4, BiH
CTBOPMB CBOIO BJIACHY CUCTEMY KOmMMpecii. 3a CTyneHem CTMUCKYBaHHA Ta AKICTIO
3By4aHHs1 ¢opmaT nepesepwye Bci iHWi okpim LiquifierPro AAC i € 06'eKTMBHO
Kpawmm cepen TUX, WO MAlOTb 3ara/ibHOAOCTYMHI Kogepu Ta AOCTynHi AnA
nowupeHHA B |HTepHeT 3BYyKOBi ¢anan. Y nopiBHAHHI 3 MP3 3abe3nevyetbca
aHanoriyHa Akictb npu notoui Ha 30% meHwe. TaKOX MOXK/AMBE MNOTOKOBE
BiATBOPEHHA.

5.2.3. Ctangapt MPEG-4

OcHoBM po3pobKu ctaHaapty MPEG-4 3aknageHi rpynoto ydyeHux 3 MPEG we y
1993 pou,, i BXKe ao KiHuA 1998 poky Biabynocs 3aTBepAKeHHA NepLIoro CTaHAapTy.
3rogom CTaHAApT HeoA4HOpPa30BO AonpauboByBaBcAa. Y 1999 poui BiH OoTpumas
odiuiHWI cTaTyc, a noTim byB cTaHAapTi3oBaH 3 60Ky ISO/IEC.

MeTtoto cTtBOpeHHA MPEG-4 6yna po3pobKa cTaHAapTy KOAYBaHHA, AKWUM
3abe3neumnB 6K po3pobHUKIB yHIBEpCaNbHUM 3acO0boM ANA CTUCKAHHA Mefia AaHuX
AK NPUMPOAHOro (3anMucaHoro 3a AOMOMOrol MIKPOdOHy), TaK | LWTYYHOrO
(cMHTe3oBaHoOro abo reHepoBaHOro Ha Komn'totepi) nmoxoaKeHHs. Lia obcTtaBuHa
KapAuMHanbHMM 4umHOM BigpisHae MPEG-4 Big noro nonepegHukis MPEG-1 Ta
MPEG-2, B AKUX e(peKTUBHE CTUCKAHHA [OaHUX [OO0CAra€TbCA /MWIE CTOCOBHO
NPUPOLAHOrO CUTHaNY.

AK 3acobu Komnpecii 38yKy B MPEG-4 (ISO/IEC 14496-3) BUMKOPUCTOBYETbLCA
KOMNEKC AEKiNbKOX CTaHAaPTiB KOAYBAHHA 3BYKY: NOKpaLLeHUM anropnutm MPEG-2
AAC (AACPlus), anroputm TwinVQ, a TakoX anroputmun KogysaHHAa mosu HVXC Ta
CELP. Kpim T0ro, MPEG-4 nepepgbayae 6e3niy  mexaHiamiB 3abe3neyeHHs
MacwTaboBaHOCTI Ta nepeabayveHHA.

CraHpapt AACPlus B Uifiomy € npogoBXeHHAM cTaHgapty MPEG-2 AAC.
3aBAAKK CBOIM ePeKTUBHOCTI B nepeaadi AKiICHOro 3ByKy ¢opmar Bigpasy oTpumas
AOCUTb LUMPOKe BM3HAHHA: BiH 3abe3nevye AKicTb 6/M3bKYy 40 KOMMAKT-AMCKA Npwu
ctepeonoToui 48 k6im/c, BUCOKOAKiICHE cTepeo npu notoui 32 Kb6im/c Ta AKiCHUIA
MoHocurHan npu 20 k6im/c. A npu notoui 128 k6im/c AACPlus 3abesneuye
nepepgaydy 6aratokaHanbHOro 3ByKy popmaty 5.1.

-83 -



TwinVQ (Transform-domain Weighted Interleave Vector Quantization -
TpaHcpopmaLiiHO-061aCcTHE 3BaXKyBaHHA BaraTolwapoBe BEKTOPHE KBAHTYBaHHA) —
ue we oauH 3i cnocobiB CTUCHEHHA ayaio AaHux, AKMK 6y po3pobneHun NTT
Human Interface Labolatories B fAnowii. BiH onTMmisoBaHWUM AnA HaAHU3bKUX
6iTpentiB (6ina 8 kb6im/c). 3acHOBaHMI Ha 3BUYAMHOMY MeTOAi KOAYBaHHA, AKUN
noAibHumMm go metoais, wWo BuKkopuctoBytoTbca B MP3 1a AAC. lMpoTe, y ubomy
meToai, iHAuBiayanbHi 6iTM ayadio paHux 6e3nocepe4HbO HE KOAylTbCA, a
06'eAHYIOTbCA B cermeHTU (BekTopa). Lli BeKTopa NopiBHIOOTLCA i3 CTAaHAAPTHUMM
3pa3KaMM, fiKi nigrotoBneHi 3a3ganerigb. BUbMpaeTbca cTaHAAPTHUA BEKTOP, AKWUIMA
3abe3neuye HanMbAMXKYY BIQNOBIAHICTb, i YMCNO NOB'A3aHE 3 UMM 3Pa3KOM
nepenaeTbCa AK Koa CTUcHeHHA. MeTtog TwinVQ mae ay»ke BUCOKY ePeKTUBHICTb A4/1A
HU3bKMX OITPENTIB, a TaKOX BOJIOAIE CTIMKICTIO A0 MOMMWIOK Ta BTPATU MaKeTiB.
BogHouac, WBMAKICTb CTUCKAaHHA NOpiBHAHO 3 MP3 € Ay»Ke HU3bKOIO, @ BUCOKA AKICTb
[OCATAaETbCA BE/MKMMM 3aTpaTaMu npouecopHux pecypcie. Koaek TwinVQ
NiATPUMYE HACTYMHI NocTinHI biTpenTn: 80, 96, 112, 128, 160 Ta 192 k6im/c.

HVXC (Harmonic Vector Excitation Codec — KoayBaHHA LWAXOM BUKOPUCTAHHA
36yArKeHHA BeKTopa rapMOHIK) — Le MOBHUA KOAEK, AKMW MNpPU3HAYEHUN ANs
KOAyBaHHA Ta AeKOAYBAaHHA NEPBUHHOIO MOBHOIO CUrHaNy 3 LMGPOBOIO LBUAKICTIO
Big, 2 po 4 kb6im/c. HVXC Kogep 3A4iACHIOE KOAyBaHHA [A3BIHKMUX 3BYKiB MOBWU
MeTOA0M NiHiMHOro nepeabavyeHHA Ta KoAyBaHHA TNYXMX 3BYKIB MOBU METOAOM
BEKTOPHOro 36yaxeHHs. Llei Koaek 3abesneyye ctaHAAPTHY AKICTb MOBU (61M3bKY
[0 AKOCTi MirKHapoaHoro TenedpoHHoro 3B’A3Ky) i3 cmyroto dactot Big 100 po
3800y Ta wyvactoTol0 Auckpetmsauii 8 kly. Anroputm KoagyBaHHA HVXC
XapaKTepPU3YyETbCA BMCOKO 3aBaAOCTiIMKICTIO, WO A03BONAE 3aCTOCOBYBATU MOro B
KaHasax 3 BUMCOKMM piBHEM 3aBag. [NA UbOro Kogep Ma€ HEeCKNagHUM anropuTm
MACKYBaHHA MOMMW/IOK.

CELP (Codebook Excited Linear Prediction — niHilHe nepeabayeHHA i3
36yArKEHHAM Ha OCHOBiI KOAOBOI KHWUIMM) — Ue CTaHAapT KOAYBaHHS MOBMU, AKWUIA
BKNOYAE MNPUHUMMNU CTUCHEHHA Ta PO3WNPPOBKU MPUPOAHOrO 3BYKY MOBM 3
UMOPOBMMKN  LLIBUAKOCTAMM nepedadvi paHux Big 4 po 24 kbim/c. TMpuctpin
KOAYBaHHA MPaLIOE 3 YacTOTaMm anckpeTusauii 8 abo 16 kly, 3abe3neuyoum cmyru
KogosaHoro curHany signosigHo 100 —3800/y T1a 50 — 7000 /Yy. B oOCHOBI
anroputmy CELP nexutb niHiHe nepegbayeHHA 3 KOA4OBUM 36yaKeHHAM. CnoyaTky
B CELP Koagepi 3a gonomoroto npoueaypu "aHaniz yepe3 cuHme3" 3 aganTUBHOI
KOAOBOI KHUIM 0bupaeTbca BeKkTOop (curHan) 36yaKeHHs, WO € HanbinbL
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HabAMKeHMM [0 BXigHOro curHany. [Lani obpaHuii curHan @inbTpyeTbca 3a
Aonomoroto ¢inbTpa-cMHTE3aTopa (NpeamKkTopa) Ta NOPIBHIOETLCA 3 OPUTiHANbHUM
curHanom. LUsa npoueaypa NOBTOPHETLCA 3  METOK  MiHiMI3aUii  MOXMOKM
nepepbayeHHA. CurHan 36yayKeHHA, AKUM AacTb MiHIMyM 3BaXKeHOI MOXMBKM Mix
OpPUriHAZIOM Ta CUHTE30BAHOK MOBOK, ODOMpPAETbCA AK pe3ynbTaT KOoAyBaHHS.
MapameTtpn 36ya)KeHHA pasom 3 NapameTpamMn NPeauKkTopa CKNa[alTb BUXIOHY
iHpopmauito, 3a AONOMOrot AKOI MicnA AeKoAyBaHHA B MPUMMAYi CUHTE3YETbCA
MOBHUM CUTHa.

OnA nepeTBOpeHHA MOBHWUX CUTHANIB HA AAHMIW Yac WMPOKO 3aCTOCOBYHOTLCA
TPW OCHOBHI TUNKM NPUCTPOIB: Kogepun Gopmu, BoKoaepu Ta ribpnaHi kogepu [19].

Kopepu popmu

Koaepn dopmu xapaKtepusytoTbCa 34aTHICTIO 36epiraTy oCHOBHY ¢opmy
MOBHOFO CUrHany. BoHW He € cneundiyHMMM AN MOBU B TOMY PO3YMiHHI, LLO BOHM
34aTHI 3 ycnixom npautoBatm 3 byab-Aakoo GOpMOI0 BXiAHOrO cUrHany i ix
3aCTOCYBaHHA OOMEXEHO AuWe MeXaMu amMnaiTygum Ta LWUPUHOK  CMYTMW.
XapaKtepuctmkm Kogepis dopmu ePpeKTMBHO BM3HAYAKOTLCA CMiBBIAHOWEHHAM
CUrHaN/WyM, OCKINIbKM KBAHTYBaHHA € OCHOBHMM [MKEPE/SIOM CNOTBOPEHHA dopmMu
BUXigHOro curHany. [lo kopgepis ¢opmum BigHocATbCA Koaepu 3 IKM, Kogepu 3
andepenuinHoto IKM (AIKM), koaepu 3 agantmBHowo gudepeHuinHoto IKM (ALIKM)
Ta iHLWI.

Kodepu 3 IKM — ue nepwui CBiTOBUI CTaHAAPT KOAYBAHHA MOBMU 3i LWBUAKICTIO

64 k6im/c 3 norapudmiyHMM CTUCHEHHAM (pekomeHpauia ITU G.771). [Ons
AOCATHEHHSA 3a40BiIbHOrO PiBHA PO36ipANBOCTI NpM Nepeaadi MOBM NO TenePOHHUM
KaHanam AOCTaTHbO nepegaTtu cnektp curHany y cmysi 300...3400 My. Tomy Ha
no4yaTKy BXigHWIM CMrHan NponycKatoTb Yepe3s PHY, obmexkytoum Moro MmakcMmanbHy
yactoTy B cnektpi A0 Fyue = 3,4 kly (puc. 31). Oani oTpumanHuit curHan A(t)
BignoBiaHO A0 (24) nigpaeTbca guckpeTtusadii 3 yactotowo F; = 8 kly. Micna uboro
npu BMKopUCTaHHI IKM guckpetHe nosigomneHHa A(n) nianaetocs piBHOMipHOMY
KBAaHTYBaHHIO, B pe3y/ibTaTi AKOrO OTPUMYETbCA ABIMKOBUI Kog po3pAaaHOCTI . Ana
NOCATHEHHS MPUMHATHOI SIKOCTi BiAAHOB/IEHHA MOBHOMO MOBIAOM/IEHHA HeobXiaHO
n = 12. Jani BigbyBaeTbca unppoBa KOMMNPECIA 3 BUKOPUCTAHHAM HEPIBHOMIPHOIO
KBAaHTYBaHHA MO /IOrapudmiYHOMY 3aKOHYy, B pe3y/bTaTi AKOi AO0BXMHA KOAOBOI
KombiHauji 3meHwyeTbca A0 n =8 po3psaais. Pesynbtatom 6yae pABiNKoBsa
NOCNiJ0BHICTb, LLLO NepeaacTbesa 3i WBKMAKIcTIO 64 K6im/c.
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3BYK A(t)‘ , ’1(")‘ KeaHTyBaHHs | Undposa | 64 KbiT/C
> ®hY > Duckpetnsauia ”| Ta KogyBaHHA "| komnpecis '
Fnax = 34Ky F; =8«Kly n=12 n=3§

Puc. 31. Y3aranbHeHa CTpyKTypHa cxema pobotn kogepa ¢opmu 3 IKM

Kodepu 3 dugpepeHuyitiHoro IKM (IIKM). MeToa, AIKM € ebekTnBHiwmm 3a IKM.
B ubomy metoai AnAa 3HUKEHHA BMMOr A0 NPOMNYCKHOI 34aTHOCTI KaHany

BUKOPUCTOBYETLCA HAABHICTb KOpenauil MiXK 3Ha4YeHHAMU BiANIKIB NOBIAOMNEHHSA,
WO nepefa€eTbcA. TakKMM MeTOoL TaKOXK Ha3MBAETbCA Nepegaveto 3 nepenbavyeHHsaMm.
Mpu uboMy Ha NepeaaBayi NOCNIAOBHICTb 3HAa4YeHb A(1) NOCTYNA€e Ha OAMH 3 BXOAIB
NPUCTPOIO, WO BiAHIMAE, B TOM 4YaC fAK Ha iHWIiMA BXig nocTtynae nepepbadeHe
3HaYeHHA /T(n), O OTPMMaHe B TOM UM iHWKIM cnocib y npuctpoi nepeadbavyeHHA Ha
OCHOBI aHani3y AK 3Ha4YeHb nonepeaHix BiANIKIB, TaK | 3HAYeHb NOTOYHUX BiAAIKIB HA
BXOZi NPUCTPOIO, WO BiaHIMaEe (puc. 32a).

MNepenasay Mpunmay
A(n) + e(n) e(n) + A(n)
(D" ) =
- +
A(n) A(n)
» [lepenbayyBau [« | MepenbayyBay [«

(a) (6)

Puc. 32. Y3aranbHeHa CTpyKTypHa cxema pobotn kogepa ¢opmum 3 IIKM
(a — 3 6oKy nepepasaya; 6 — 3 6OKy npuitmava)

Ha npuiimanbHoMy npuctpoi 3HaveHHA A(n) BiAHOBAOKOTLCA LWIAXOM
A04aBaHHA NPUAHATOrO CUrHany nomunkmn e(n) Ao nepegbaveHoro sHadeHHs A(n)
(puc. 326).
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B cuctemi 3 AIKM 3HaueHHs Bignikis ¢yHKUii £(n) nianaoTbcAa KBaHTYBaHHIO
TaK Camo, AK Lie pobuTtbcAa Npu 3BuYaliHin IKM, npoTe npu CyTTEBO MEHLIN KiIbKOCTI
PiBHIB KBaHTyBaHHA. TOMy nNpwn OAHAKOBIN AKOCTI nepegadvi mosu AIKM pos3sonde
BMUKOPUCTOBYBATU MEHLLY KiNbKiCTb PO3PAAIB 11 Y KOAOBMX KOMbBIHALIAX NOPIBHAHO 3
IKM. Mpyn upboMy TaKOXK AOCAra€TbCA i BMLLA 3aBaAOCTiNKiCTb. EdpekTuBHicTe AIKM
MoKe ByTM NoKpaLlleHa WASXOM nepexoay Ao agantmueHoi IKM.

AdanmusHa _OdugpepeHuiliHa IKM _(AAIKM) — oAMH 3 HaWMNoWMpPeHiwmnx

aNIrOPUTMIB CTUCHEHHSA MOBM, LLLO BX€E AaBHO BUKOPUCTOBYETLCA. BiH ByB NpUMHATUI
y 1984 poui. Ller anroputm ga€ NPaKTUYHO TaKy X CamMy AKICTb BiATBOPEHHA MOBMU,
Ak i IKM, npote pna nepepayi iHpopmauii npu MOro BMKOPUCTAHHI NOTPiOHa
NPONycKHa 34aTtHicTb auwe 32 K6im/c. MeTon, 3acHOBaHMIMA Ha TOMy, WO B
aHANOroBOMY CMUTHanNi, AKUWMA nNepedae MOBY, HEMOMKAUBI pPi3Kki  CcTpUbKK
IHTEHCMBHOCTI. TOMy, AKWO KOoA4yBaTW He camy amnaitygy CUrHany, a il 3miHy
NMOPIBHAHO 3 MonepeaHiM 3HAYEeHHAM, TO MOXHa OOIMTMCA MEHLIOo KiNbKicTio
po3psagis. B AAIKM 3miHa piBHA CUrHany KoAayeTbcA 4-po3pAaHMM ABIMKOBUM
YNUC/IOM.

Kozepn popmm 3abe3neyytoTb rapHy AKICTb BiATBOPEHHA AK MOBHMUX CUIHA/IB
(ctaHgapTHa cmyra yactot 300 — 3400 Iy), Tak i 6inbl LWNPOKOCMYTOBUX 3BYKOBUX
curHanis. [poTe, Ui Koaepun € ManoePeKTUBHUMM 3 TOYKU 30pYy 3HUMKEHHSA
WBMAKOCTI nepegavi LMGPOBMX CUTHANIB.

Bokoaepu

HasBa 80Kodep noxoauTb BiA, aHrNINCbKUX CNiB voice — ronoc Ta coder —
KoAytounii npuctpin. Lle npucTtpii, Wo 34iMCHIOE NapameTpuUyHe KOMMaHAYyBaHHA
MOBHMUX cuUrHanis. Komnpecia MOBHUX CUFHANIB Ha nepegaBasbHOMY KiHUi KaHany
3B’A3Ky BiabOyBa€eTbCA B aHaNi3aTopi, AKMN BUAINSAE 3 MOBHOIO CUTHaNY CKNaAoBI, WO
NnoBifIbHO 3MiHIolOTbCA. Lli cKnagoBi | nepedatoTbcs NO KaHany 3B°A3KY Yy BUrAsgi
KOOO0BMX MOCUMIOK. Ha npuimanbHOMY KiHLi 33 4OMOMOrO MIiCUEBUX AxKepen
CUTHAIB, WO KepyTbCA NPUMHATUMWU NapamMeTpPaMm, CUHTE3YETbCA MOBHUM CUTHAN.

PoboTa BOKoAepiB OCHOBAaHA Ha MOAENOBAHHI NH0ACbKOI MOBU 3 BpaxyBaHHAM
il XapakTepHux ocobnmsocTteit. 3amicTb 6e3nocepenHbOro BiATBOPEHHA aMnAiTyau
BXiAHOrO CUrHany, BOKOAEP MNEPETBOPHOE CUFHAM B AEAKIN iHWWUMK, WO CXOXMA Ha
BXiAHMN. [IpM UbOMY XapPaKTEPUCTUKM MOBHOIO CWUrHany, WO BUMIPHOKOTLCA,
BMKOPUCTOBYIOTbCA ONA MNiATOHKM MNAapameTpiB y MoAeNi MOBHOrO CUrHany, LWo
BMKOPUCTOBYETbCA. Came Ui napameTpu M nepenatoTbCa Npumady, AKMN NO HUM
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BIATBOPIOE MOYATKOBUIMA MOBHWMMK curHan. TobTo moBa Mae Npo CMHTE3 MOBM. 3a
NPUHUMNAMW CUMHTE3y MOBM BOKOZEPU MOXKHA pPO34iIANTM HA [ABa  Kaacu:
MogoesneMeHMHI Ta NapamempuYHi.

Y MoBOeneMeHTHMX BOKoAepax npu nepegadi po3ni3HaAOTbCA BUMMOBAEHI
enemeHTM moBM (Hanpuknag, ¢oHemn) Ta nepenardTbCA TiNbKM iX HOmepu. Ha
NPUMUManbHOMY  MPUCTPOI Ui enemeHTU BiATBOPHOKTbLCA MO NpaBuaam
MOBOYTBOpPEHHS abo bepyTbca 3 nam’aTi npuctpoto. Ob6nacTb 3aCTOCYBAHHA TaKMUX
boHEMHUX BOKOAEpPIB — JiHii KOMaHAHOro 3B’A3KY, MOBHE KepyBaHHS, aBTOMaTu
iIHPOPMaLIMHO-A0BIAKOBUX CAYXKO, WO PO3MOBAAIOTL Ta iHWe. [PaKTUYHO B TaKUX
BOKOAEepax BiAbyBa€ETbCA aBTOMaTU4YHE pO3Mi3HaBaHHA CAyXoBMX 06pasiB, a He
BU3HAYEHHA NapameTpiB MOBM.

B napameTpuyHmMx BOKOAEpax 3 MOBHOIO CWUrHany BWUAINAOTbL ABa TUNU
napmeTpis: 1) napameTpu, WO XapaKTepm3yTb OrMHAOUy CNeKTpa MOBHOIO CUrHany
(binbTpoBY YHKUiIO); 2) napameTpu, WO XapaKTepU3yloTb AMKEPENO MOBHUX
KONMBaHb (reHepaTopHy ¢YHKLiO, WO BWM3HAYAETbCA YACTOTOK OCHOBHOIO TOHY,
3MIHOK L€l 4aCcTOTKU Yy YacCi, MOMEHTaMM MNOABU Ta 3HMKHEHHA OCHOBHOIO TOHY,
LWYMOBMM CUTHANOM). 33 UMMM NapameTpamm Ha NpUMMatoHomy 6oL CMHTEe3YEeTbCA
MOBa.

3a NPMHLUMNOM BU3HAYEHHA NapameTpiB ¢inbTPoBOiI GYHKLi MOBM PO3PI3HAOTb
HACTynNHi TMNX BOKOAEPIB:

- cmyrosi KaHanbHi (channel);

- POpPMaHTHI;

-  OPTOrOHasbHi;

- ninpegepv (3 NiHIMHUM nepeabavyyBaHHAM MOBW);
- TOMOMOPQHI.

Y cmyroBux BOKoAepax CMNEKTP MOBWU AinnTbca Ha 7-20 cmyr (KaHanis). Yum
binbwe KaHaniB BMKOPUCTOBYETbCA, TUM bBinbwoto 6yae HaTypanbHICTL Ta
P036ipNBICTL MOBU. Y KOXKHOMY KaHani CUrHaaAn NocTynatoTb Ha geTekTop Ta PHY 3
4acToTOO 3pi3y Fpqy- TAKMM YAHOM, CUTHAIN HA BXOAi KOXKHOMO KaHany 3MiHIOKTbCA
3 4acToTol WO He nepesuulye E, ... IX nepegaya moxnusa B aHanoOroBomy Ta
umMdppoBOMY BUTNAL.

Y dOopMaHTHUX BOKOAEPAX OrMHAKOYA CNEKTPY MOBM OMUCYETbCA KOMDBIiHALiED
$OpPMaHT (pe3oHaHCHMX YacTOT ro10COBOro TPaKTy). OCHOBHI NapameTpu GopmMaHT —
LeHTpasibHa YacToTa, aMNAiTy4a Ta WKMPUHA CMYTU 4acToT.
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B opTOoroHasnbHMXx BOKOAEepax OrMHato4a MUTTEBOrO CNEKTPY PO3KIAJAETbCA B
psg 3a BUMOPAHOK CUCTEMOK OPTOrOHANbHUX 6asucHUX ¢YHKUiIN. Obuyncneni
KoedilieEHTM UbOro poO3KNagy nepeaardTbCa Ha npunmaroumn  6ik.  Lunpoke
PO3MNOBCIOAMKEHHA OTPUMANIN FAPMOHIYHI BOKOZEPMU, LLLO BUKOPUCTOBYIOTb PO3KNA4 Y
pag dyp’e.

Bokogepwn 3 niHinHUM nepepbaveHHam (LPC abo ninpeaepwn) ocHoBaHi Ha
OpuUriHaZIbHOMYy MaTemaTuyHoMmy anapati. CbOorogHi LWMPOKO BUKOPUCTOBYETHLCA
MeToA, KoAyBaHHA 3 NiHIMHUM nepeabavyeHHAM, WO npautoe 3 61oKkamm Bignikie, ana
KOXHOro 3 AKUX 0OpPaxoBYETbCA Ta NepedaETbCA 4YacToTa OCHOBHOMO TOHY, MOro
amnnityga Ta iHpopmauia npo Tun 36ymKytoyoi  gii. CurHan  36yarKeHHs
MOAENIOETLCA Y BUMNALI NOCNiIAOBHOCTI iMNYAbCIB Ha YaCTOTi OCHOBHOMO TOHY (AnA
BOKanisoBaHoi moBM) abo BMMAAKOBMM LIYMOM (ANA HEBOKani3oBaHOi MOBM).
Bu3HaueHHA napameTpiB 36y4KyHOUOro CUrHasly OCHOBaHe Ha AOCNIAXKEHHI CUrHany
NOMWKM, WO OTPUMYETLCA NPU NPOMNYCKAHHI NOYAaTKOBOroO MOBHOMO CUrHaNy yepes
diNbTp 3 XapaKTEPUCTMKOLD, IKA € 3BOPOTHOK Til, WO anpPOKCMMYE nepeaaToyHy
®YHKLiI0O r0/1I0COBOTO TPAKTY.

FfomomopdHi BOKOAEPU BUKOPUCTOBYIOTb OBPOOKY CUrHaANy, fika A03BONIAE
PO34iNNTN reHepaTopHy Ta inbTpoBy GYHKLI, WO YTBOPIOKOTbL MOBHWUI CUrHan. B
OCHOBi UMX BOKOAEPIB /NIEUTb MeTOoA, HeniHinHOoi (romomopdHoi) inbTpau;ii.
OCHOBHa igea nonsArae B PO3AiNEHHI Ta 3BOPOTHIM 3ropTui CEermeHTy MOBHOrMo
CUTHaNYy 3 KOMMOHEHTaMW, WO € iMNY/NbCHOK XapaKTepuctukow oinbTpa, Ta
axepenom 36yarkeHHs. Lle AocAraeTbca WASXOM AiHiMHOT $inbTpaLii 3BOPOTHOrO
nepetBopeHHA Pyp’e norapudma cnekTpa curHany (kencrpa).

Bokogepwn 3abe3nevytoTb 3HAYHO binblue 3HMMXKEHHA NOTPIOHOI AnA nepepadi
NPOMNYCKHOI 34aTHOCTI KaHany. KogyBaHHA moBM BigbyBaeTbCA Ha LWBUAKOCTAX Big,
1,2 po 9,6 k6im/c.

[ibpuOHi KoOepu BUKOPUCTOBYIOTb KOAyBaHHA AK POpMM, TaK i CNeKkTpy

MOBHOIO CUrHany i 6asyroTbcA Ha MeToAax BKNaAeHoro KoaysaHHa [20].

5.2.4. Ctanpgapt MPEG-7

AypioBisyanbHa iHpopmaLia BiAirpae Ba*kKNMBO POJb B XMUTTI CycninbCTBa —
He3a/eXKHO Bif TOro, 3anMcaHa BOHa Ha MarHiTHy un goTonnisky abo notpannse 4o
Hac y peanbHOMYy 4acCi, Y4 € BOHA aHaNorosok, uuM umdposoto. Mpu LbOMy
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iHpopmauia moxke ByTM npeactaBieHa y CaMUX PiSHOMAHITHUX Megia-popmaTax.
3a3BMyait  aypgioBisyanbHa iHpopmauia 3aBKauM Oyna  npu3HayeHa  Ans
b6e3nocepegHbOro CNPUUHATTA Nt0AUHOK. poTe, 3 KOXKHMM POKOM 36inblUy€eTbCA
KiNbKiCTb BUMAAKiB, Koan uAa iHpopmalis CTBOPHOETLCA, NepeaaETbCA, AiCTAETLCA Ta
3HOBY BMKOPUCTOBYETHCA OOYMCAOBAZIBHUMM CUCTEMAMU: NPU PO3Ni3HAHHI roaocy
4yn 306parkeHb, NPU MeadiiHUX NepeTBOPEHHAX (MOBM B TEKCT, 3006parkeHHs B MOBY,
MOBM B 306pa*KeHHA 1 T.M.), NpM BUAINEHHI Ta ¢inbTpayii noToKy onucis iHpopmaLii
(Ans wBMAKOro Ta ePpeKTMBHOIO NOLWYKY MeadiMHMUX OOKYMEHTIB Ta Bigbopy 3 HUxX
TiNbKK TUX, AKi BiAnoBigatoTb ynogobaHHAM KopuctyBaya). CbOroAHi € AO0CTYMNHO
BE/IMKA KiNbKICTb ayAioBidyanbHOi iHGopmauyii. MpoTe, uiHHICTL iHPopmauii, wo
OTPMMYETbCA, AYy*KEe YaCTO 3a/1eXUTb Bif, TOro, HACKiNIbKM NPOCTO ii MOXKHA 3HANTK,
AictaTtu, BiadinbTpyBaTtn abo KepyBaTh Helto.

Y 1996 poui rpyna MPEG npuctynmuna go ctBopeHHAa HoBoro ¢opmaty MPEG-7,
AKMA noBMHEH ©OyB po3B’A3aTM nepepaxoBaHi BMUWeE 3a4adi Ta BM3HAYUTU
YHiBEepCanbHi MexaHi3MM Onucy Bi3yanbHOi Ta ayaio iHpopmauyii. Llen ¢dopmat
oTpuMaB Has3sy "Mynbtumegia iHTepdenc gna onucy Bmicty" (aHrn. Multimedia
Content Description Interface). Ha BiamiHy Big nonepegHix ¢opmaTiB CTUCHEHHS
cimenctea MPEG, ¢opmat MPEG-7 onucye iHdopmauito y byab-akinn popmi (B Tomy
YUCAi i aHANOroBIN) Ta He 3aNeXunTb Big cepeaoBULLa Nepenadi AaHUX.

CraHpapt ayaio MPEG-7 (ISO/IEC 15938), onucaHuit B MOro 4eTBepTiit YacTUHI
[21], BKNtOYa€E N'ATb TEXHONOTIN:

1) cTpyKTypa onucy 3BYyKa, fika MIicTUTb y cobi macwTtaboBaHi nocnigoBHOCTI,
AECKPUNTOPU HUMKHBOTO PiBHA Ta YHiIDIKOBAHI CErMEHTU TULLI;

2) 3acobu onucy Tembpy My3MUYHOIO iIHCTPYMEHTY;

3) 3acobu po3nisHaBaHHSA 3BYKY;

4) 3acobu onucy ronocoBoro martepiany;

5) 3acobu onucy menogaii.

AyaioCTpyKTypa MICTUTb LWKMPOKMIMN Habip 3acobiB HUMKHBLOFO piBHA, SKi
3abe3neyvyoTb OCHOBU Ans pOpMyBaHHSA 3BYKOBUX NPUKNALEHb BUCOKOIO PiBHA, LLO
noTpebytoTb ePeKTMBHOIO A0CTYNYy A0 MEAIMHOro KOHTeHTy. Takmmu 3acobamwu
MOXYTb OyTM enemeHTM MeTagaHux, iX CTPYKTypa Ta B3aEMO3B’'A3KM, LWO
BM3HAYalOTbCA CTAaHAAPTOM B POpMi AeCKpUNTOPIB Ta Cxem onucy. Yepes HagaHHA
3aranbHoOi Nhatpopmu cTpyKTypu onucie MPEG-7 BcTaHOBAOE H6a3nc ANA CYMICHOCTI
YCiX NPUKIAAEeHb, AKi MOXKYTb OyTU CTBOPEHI B paMKax AaHOi CUCTEMMN.
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B obnactb aii MPEG-7 BXOAATb ik KOPUCTYBaYi-nt04M, TaK i aBTOMATU30BaHi
CUCTEMMU, AKI BUKOHYIOTb O0OPOOKY ayaiosidyanbHOro martepiany. Len craHgapt
Hafa€ BMCOKOAKICHMM OOCTYN 0 Mefia maTepiany, WwWo nepegbadvae piweHHA ana
3anucy, iaeHTudiIKauii matepiany, 3abe3nevyeHHA npaB B/ACHOCTI, LWBUAKOrO,
3pY4YHOro Ta To4YHoro ¢inbTpyBaHHA abo nowyky. MPEG-7 pobuTb MOXAMBMM NOLIYK
MeAinHoro KoHTeHTy B Web Tak camo npocTum, ik i NMOWYK TEKCTOBOI iHQOopMalLiii.
Hanpuknag, nporpante gekinbka HOT Ha KNasiaTypi i oTpumaliTe nepenik my3anyHmx
YPUBKIB, AIKi CXOXKi 3 menogi€to, Wo nporpasanacb. A6o, BUKOPMUCTOBYHOUN PpparMeHT
ronocy [laBapoTTi, OoTpMManTe CAMCOK MOro 3anucie, Bigeoknunie abo iHWWRA
maTepian, Wwo A0 HbOro BiAHOCUTbLCA.

JopaatkoBy iHpopmauito woao ctaHaapty MPEG-7 morkHa 3HanTm B [18].

5.3. AnbTepHaTUBHI popmaTn KogyBaHHA 3BYKY

MeTtop ctucHeHHA 3ByKy Ogg Vorbis

Bigpasy nicna ceoei noasu popmat MP3 oTprmaB Bennye3sHy NONYAAPHICTb Y
KOPUCTYBadiB MepcoHanbHMX Komn'toTepiB. MNpPMUYMHOK LbOro CTaso Te, WO Ha
KOMMNAKT-AUCK MOXKHa 6yno nomictutn B 10 pasiB binblue My3uMKKM, HiXK HA 3BUYAAHWIA
aygio-guck, 36epiratoum Npum LUbOMY AOCTATHIO AKICTb 3By4aHHA. CTBOPEHI TaKnm
YMHOM PannM MOXKHA Nerko nepecunatn yepes IHTEpPHET, KOPUCTYBATMUCA HUMU Y
NepeHOCHMX NPUCTPOAX, 36MPaTU My3MYHI KONEeKLil.

Ogg Vorbis Hanexutb A0 TOro X TNy $opmaTiB CTUCHEHHSs ayaio, TobTo Ao
dopMmaTiB CTUCHEHHA 3 BTPaTamu. [1ICMX0aKyCTUYHA MOAEND, LLO BUKOPUCTOBYETHCA B
Ogg Vorbis, 3a npuHumnamu aii 6amM3bka go MP3, ane matematnyHa 06pobKa Ta
NpPaKTUYHA peani3auia 4OKOPIHHO BiAPI3HAIOTLCA.

Y dopmaTy € BenMKa KinbKicTb nepesar. Hanpuknaa, ¢opmat Ogg Vorbis He
ob6MeXKy€e KOpUCTyBaYa TiIbKM ABOMA ayAio KaHanamu (ctepeo niBuii Ta npasuit). BiH
niaTpumye ao 225 oKpemux KaHaniB 3 yactoTol AuckpeTtmsauii go 192 kMuy Ta
po3pagHicTio ao 32 6im (wo He [03BONAE KoaeH GOpMaT CTUCHEHHA 3 BTpaTamu).
Tomy Ogg Vorbis 4ygoBo nigxoantb A0 KOAyBaHHSA 6-KaHanbHOro 3syky DVD-Audio.
[o Toro , ¢opmat Ogg Vorbis mae TaKy BnactuBicTb AK "sample accurate", Aka
rapaHTye, WO 3BYKOBI AaHi nepej KoAyBaHHAM Ta Micna AeKoAyBaHHA He byayTb
MaTu 3MileHb abo A0AaTKOBUX/BTpauyeHMX BigNiKiB BiAHOCHO O4MH OAHOrO.

-91 -



Ogg Vorbis 3 camoro noyaTtKy po3pobaasca sk mepexeBuit NOTOKOBMIN dopmar.
Lle nae popmaty KOpUcHMN nNobiuHMN epeKkT — B ogHOMY alinii MOXKHa 36epiraTu
AEKiNbKa KOMNO3uLUiN 3 BAAaCHUMM Teramu. [pu 3aBaHTa)KeHHi Takoro daunny y
nporpasay 6yayTb BigobpaxKaTnuca yci KOMNO3uLji Tak, Ha4ebTO iX 3aBaHTAXKMAK 3
pi3HMX dannis.

OKpemo BapTO 404aTW, WO Tern B UboMy dopmaTi MalOTb AOBOAI THYYKY
cuctemy. 3arosIoBOK TEriB MOXe MICTUTM y cobi TeKcTn Oyab-AKOoi AOBXKMHM Ta
CKNAAHOCTI, WO MOXe NnepemerkaTnca 306parKeHHAMMU (HanpuKaag, ue moxe byTtm
TEKCT nicHi Ta doTorpadis 3 06knagmnHKK). TeKcTosi Tern 3b6epiratotTbca y dopmari
UTF-8, wo BuKAo4ae Nnpobaemu 3 BigobpaKeHHAM TEKCTY 3 PisHUMM KOZYBaHHAMM
Ha Pi3HMX MOBaXx.

3a ymoB4YaHHAM 0Ogg Vorbis BMKOPUCTOBYE 3MiHHMN BIiTPenT, npuyomy MOro
3HaYeHHA He MaloTb obmexkeHb (BiH Moxe BapitoBatuca Big 1k6im/c po
700 k6im/c). TaKow K THYYKIiCTIO BONOAIE i YacToTa AUCKPeTU3aljii, fka Mmoxe
3miHtoBaTuca Big 2000 My po 192 klMy. Ue A03BONAE CYTTEBO 3MEHLWMUTU PO3MIpP
KOMMNO3MLii Npn He3HauyHiM BTpaTi AKOCTI. LLLO K CTOCYETbCA LWBMAKOCTI KOAYBAHHA,
TO TYT Yy UbOro ¢popmaTty nopiBHAHO 3 MP3 HeMae HiAKOI pi3HUL,.

Ane HauWronosHiwa nepesara dopmaty — uUe WNOro MOBHA BIAKPUTICTb Ta
6e3KoLWTOBHICTb. | X0o4a icHye 6arato iHWKMx H6e3kowToBHMX GOpMaTiB, ane aBToOpPU
umx popmarTis, Ha BiamiHy Big, Ogg Vorbis, He HaaaloTb X BUXiAHUX KoaiB. OCHOBHOO
meToto po3pobku Ogg Vorbis 6yno 3amiHMTM yci NNaTHI 3anaTeHTOBaHi ayaio
dopmatn. Takum uymHoMm, ¢opmat 0Ogg Vorbis € noBHicTIO BiAKpUTUM ANA
KOMEpLiAHOrO Ta HEKOMepLiiHOro BMKOpUCTaHHA. Moro KoauM  MoXHa
moaundikysatn b6es obmexkeHb. pyna po3pobHuKie (cnisToBapucteo Xiphophorus)
3a/1MLWAE 3a c060to0 NILLe NPaBo 3aTBEPAKYBATU HOBI cneymdikaLii popmary.

MeTtop ctucHeHHA 3ByKy MusePack

CTUCHEeHHA 3BYKY, Wo peanisye Ogg Vorbis, He egnMHa HekomepuitHa po3pobKa
Takoro poay. Kogek MusePack (MPC) — ue wie oguH 3 pi3HOBMAiIB CTUCHEHHA 3BYKY 3
BTpaTamu (ak i MP3). ®opmaT 6yB CcTBOpeHMN cTyaeHTom AHape bywmaHom B
AOMaLWHiIX ymoBax (pakTMyHO "Ha KoniHKax") y BiNbHWI BiA4 HaBYaHHA u4ac.
MoTmBaLi€eto Li€i pO3pobKU CTano He3aZ0BONEHHA AKicTio nepwux MP3-Koaepis
(1997-1998 pp.). CnoyaTKy uen Koaek bys Ha3BaHui MPEG-plus (MPEG+), ane 1ioro
[0BeNocA nepeimeHyBaTh Yyepes npobaemu, AKi BUHUKAM Y aBTOpa Y 3B'A3KY 3 TUM,
LLLO Ha3Ba KoAeKa mictuna y cobi abpesiaTtypy "MPEG".
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MPC He € npogoBxeHHAM MPEG-1 Layer lll, a nnwe 6Hepe CBin NOYaToK B
MPEG-1 Layer Il. Moro HanpaBieHicTb — Le KOAyBaHHA Ha BMCOKMX biTpeliTax. B
LbOMY KoAeKy nepeabavyeHo KoAyBaHHA Ti/IbKW B PEXMMI i3 3MiIHHUM bBiTpenTtom.

Y cepegHbomy fiKicTb KoayBaHHA MPC Ha Bucokux bitpeitax (160 k6im/c Ta
BULLE) NOMITHO BULIA 3@ AKICTb, WO 3abe3snedyye MP3. 3a uum napameTpom BiH
BUMNepearKae BCi iCHYKYi cborogHi Kopeki. Le nos’A3aHo 3 BigMiHHOCTAMM B
MexaHi3max KogyBaHHA. MPC nicna po3buTTa cMrHany Ha 4acToTHI MiACMYrK NPOCTO
POOUTL MEepPeKBaAHTYBaHHS CUrHaAy (CnMpalyYMcb Ha MCUXOAKYCTUYHY MOAENb) B
KOXHIiM Migcmy3si i OTpMMaHi 3HAYeHHA 3anuCye Yy BUXigHWK NOTIK. Lum Takox
NOACHIOETLCA BE/IMKA WBMAKICTb Komnpecii Ta gekomnpecii MPC. Ane, pasom 3 TUm,
Ha HU3bKKX BiTpelnTax e KoaeKk Ma€e HU3bKY AKICTb.

Mepesarun popmarty:

- OCKinbkM popmat He pobuTb NoBTOpHE dct-nepeTBOpPeHHs (ANCKpPEeTHe KOCUHYC-
nepeTBOpPeHHA), To BiH PaKTUYHO He cTparkpae aptedakramu "pre-echo" (Konwu
OKPeMi TOHM iHCTPYMEHTY MOYMHAIOTb 3BYYATM pPaHille, HiXK MOYMHAE 3BY4aTU Cam
IHCTPYMEHT), Ha BiaMiHy Big, Taknx popmartis, sk MP3, Ogg Vorbis, AAC Ta WMA,;

edeKTMBHILLi anropuTMKM 3MiHHOTO BiTpenTy;

NOTYXHA Ta rHy4YKa NCMXOAKYCTUYHA MOAEND;
- AyXe WBMAKe KoAyBaHHA Ta AeKOAYBaHHSA;

- BigKkpuTUI popmar;

- BAacTuBicTb "sample accurate";

- NigTPUMKa NOTOKOBOI Nepeaavi AaHuUX;

- MiATPMMKa 4YacToT ANCKpeTu3auii binbwumx 3a 48 Klu.
Henoniku dopmaty:

- HM3bKa PO3NOBCIOAXKEHICTb Ta NOBHA BiACYTHICTb anapaTHOI NIATPUMKMU;
- HW3bKa AKICTb Ha HM3bKWX Ta cepegHix biTpenTax;
- He3po3yMmina NigTPUMKa Binbll HiXK 2-X KaHanis;
- BiACYTHICTb KoAyBaHHA 3 po3paaHicTio 24 b6iTa Ta BuLLeE.
Cam KoOeK CbOrogHi nepexKMBAae He Kpawi Yacu. BiH 3anuwaerbea
ManoBiAOMMM, Xo4a 34eb6inblIoro i He 3aC/1lyroBYE Ha Le.

®dopmat Windows Media Audio (WMA)

WMA — niueH3oBaHun dopmat Ppanny, po3pobneHmin KomnaHietro Microsoft
AnA 36epiraHHA i TpaHcaauii ayaio-iHpopmauji. 3 camoro noyatky ¢opmat WMA
no3nuioHyBaBcA fAK anbTepHatMBa MP3. He auBnauucb Ha Te, wo uen ¢popmar
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3’ABMBCA HAMOCTaHHIWKWM 3 yCiX KOHKypeHTiB MP3, Moro ictopia noyanaca 3Ha4yHO
paHiwe.

Mo-nepue, B LbOMY KOAEKY byna Brnepuwe aocarHyta sikicte MP3 128 k6im/c Ha
WwBMAKoCTi Bcboro 64 kb6im/c.

Mo-gpyre, Ha uen d¢opmaT BiApPa3y 3BEPHYNIN yBary AeKinbKa KPynHUX
TenedOHHMX KOMMAHIN, OCKINIbKM CTUCHEHA UMM KOAEKOM ronocoBa iHpopmauin
HaBiTb NpW WBKMAKOCTI 64 Kb6iIM/c Bonoaina ay»e BUCOKow po3bipamsicTio (40 90%).
[na pocArHeHHs uboro B iHWKX popmaTtax byna HeobxigHa WBKMAKICTb ¥y 2 — 2,5
pa3un binbwa.

HoBui ¢dopmat, AkMi Ha3anm Voxware, ik BUABWJIOCA, iA€anbHO NigXOAUTb
came ANs CTUCHEHHSs oundpoBaHOi NtoaCbKOi MoBU. MNMiATPMMKaA UbOro KogeKa byna
BKAOYeHa y 6e3kowToBHUN Media Player. B HbomMy BiH TaK i Ha3mBaeTbcA "Voxware
Audio Codec". Len koaeKk ao3sonsie nerko nepekoaysatm MP3 B8 WMA. CboroaHi
B)Ke iCHYIOTb i anapaTHi NAeepPU 3 NiATPMMKOIO Lboro popmary.

3 TOYKM 30py AKOCTi 3By4aHHA ¢dopmat WMA npakTUYHO € iAEHTUYHMM
dopmaty MP3. B yomychb BiH nepeBarkae MP3, a B HOMyCb NOCTYNa€ETbCA. AKWO Ha
HU3bKKX BiTpenTax uer ¢opmaT ABHO NepeBaXKa€ KOHKYPEHTIB, TO Ha BiTpenTi BXKe
128 k6im/c BiH yCcTynae No AKOCTi He TiIbKM KOMNaKT-AMCKaMm, ane i MP3.

LlikaBoto ocobamsicTio dopmaTy € 3aXMCT aBTOPCbKMX NPaB, AKNIN peanizoBaHW
33 40NOMOrOH CreLianbHOoi LMPPOBOI CUCTEMM KEPYBAHHA aBTOPCbKMMM NpaBamm —
DRM (Digital Rights Management). AKWoO He BiAKAOYUTU MNPU KOAyBaHHI 3axucT
DRM, TOo He moxnmBo byae BiATBOPUTU CTBOPeHUIn dann Ha Byab-AKOMY iHWOMY
Komn’toTtepi. Ona uboro noTpibHO 3aBaHTAXKUTU creuiabHUN cepTUdikaT, AKUN
[03BO/IAE BiATBOPOBATM Pain Ha NPOTA3i 0OMeEXKeHOoro Yacy, nicna AsKkoro HeobxiaHo
o6yae kynuTtun uen dann abo Linnii AUCK.

B ocTaHHix Bepciax ¢opmaTy nepenbayeHo KogyBaHHA Ge3 BTpPATM AKOCTI, a
TaKoX BaraToKaHanbHe KoAyBaHHA 06’eMHOro 3ByKy Ta rosocy.

dopmart cTucHeHHA 3BYKYy QDesign AlF

Len popmat byB po3pobneHnit komnaHieto QDesign npu NiaTpuMLi KOMNaHii
Apple/Macintosh. QDesign AIF € popobkoto cimeictea ctaHaaptiB AIFF, ake €
Pi3HOBMAOM MYAbTUMEAINHMUX CTaHAAPTIB, WO BUKOPMUCTOBYIOTbCA Ha nnatdpopmi
Apple. Mapa AIF-AIFF € noBHum aHanorom napu WAV-MP3 3a BUKIOYEHHAM
CTyneHA CTUCKaHHA. barato xTo BBaxae€, wo popmat AlIF € peBontouitHum. byno
BMABNEHO, WO NPW KOAYBaHHI BiANOBIAHUMA KOAEK NMPAKTUYHO HE BHOCUTb XKOAHWX
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NiHINHUX CNOTBOPEHb B CUIHaA, WO KOAYETbCA. B LbOMY BiH 3HAYHO MepeBaXKaAE TaKi
dopmatn sk MP3, AAC Ta iHWi Ha 6itpenTi 24 k6im/c. Ona 6yab-aKUX BUAIB
KOAyBaHHA 3 CTUCKAHHAM BigMiHHICTb Big opuriHanbHoro WAV ¢anny ayxe nobpe
nomitHa. Ane gnsa Kogepa Big QDesign 3 6iTpenTom 24 K6iT/C Ha KaHan B YaCTOTHOMY
pianasoHi Big 12Ty po 24 kly, MakcMmanbHe BIOXWIEHHA Big OpuriHany He
nepesuuye 2 ab! Ane ui BnactusocTi AIFF 6e3nocepeaHbo NPOABAAOTLCA HE NpwU
NPOCNYXOBYBAHHI AaHMX, 3anNMCaHMX UMM bopmaTom, a npu cnpobi nepeTsopuTH
AIFF Hasapg y WAV. llpu peanbHOMY MPOC/AYXOBYBaAHHI 2-X KaHaNbHOIO 3BYKY,
3aK040BaHOro 3a Aonomoroto Kogepa AlF 3 6itpenTtom 48 K6im/c, AKiCTb 3By4aHHA
MOXHa MOpPIBHATK Xiba Wwo 3 fAkicTio MP3 Ha 64 k6im/c. Kpim TOro, LWBUAKICTb
KOAYyBaHHA € AyXe HM3bKOo. B gaHMi yac egmHoOl0 nporpamoto, AKka 3abesneuye
KOAYBaHHA Ta BIiATBOPEHHA UbOro ¢opmaTty Ha NepcoHasbHOMY Komn'toTepi, €
QuickTime Player.

dopmart cTucHeHHA 3BYKY PAC

HasBa uporo ¢opmaty po3wmndposyeTbcs AK perceptual audio coding, wo
BAXKKO MepeKNajaeTbCa 3 aHrNincbkoi (perceptual y nepeknagi 3 aHrAincbKoi —
CNpUHATTA). Hanbinbw 6naro3By4yHUin BapiaHT — ue "ayaio KoayBaHHSA, 3aCHOBaHe
Ha cnpunHATTI". AaHui popmaT 6yB po3pobneHunin pipmoto Lucent Technologies npwm
niaTpumui Bell Labs, sKy UikaBUAM CUCTEMM CTUCHEHHA MOBHOI iHPopmaLii, wWo
nepegasanaca undposumm TenePpoHHMMM Mmeperkamu. lNepla 3araAbHOAOCTYMNHA
BepCia UubOro Kogeka Buiwaa nig Hassoto Audio Library 1.0.

Jo HeponikiB popmaty PAC MOXKHaA BigHECTM Te, WO WNOro He MOXKHa
BUKOPUCTOBYBATU AK mepexeBun ¢opmart. Ller dopmaT He nigTpPMMye NMOTOKOBY
nepegayy QAaHux, To6TO OAHOYACHE BIATBOPEHHA Ta OTPMMAHHA aAyAio AAHMX.
OcHoBHe micue 3actocyBaHHA ¢popmaTy PAC — ue gomallHA ayAioTeKa Ta KOMMNAKT-
Ancki. OcobnumeicTio dopmaTy € NOTYXKHUN 3aXUCT ayA4io 3anucy Big, HenerasabHOro
KonitoBaHHA. Tomy ¢opmat PAC ayKe MOraHo MNpautoe 3 KOMNAKT AUCKAMMU TUMy
CD-R abo CD-RW, sAKWO BiATBOPEHHA 3 UWMX AWUCKIB BiAOYyBaeTbCcA He Ha ToMy
npucTpoi, ae Bigbynoca koaysaHHA. Kogeki PAC € WBNMAKMMMK Ta AKICHUMM, 3 TapHUM
CNiBBiAHOWEHHAM pPO3Mip/aAKicTb. BoHM igeanbHO MiaxoAATb ANA  CTBOPEHHSA
AOMaLLHiX ayaioTeK. MpoTe, NoAinNTUCA UMMM ayaioTeKaMM 3 iHWLWWUMN He BUAE.
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KOHTpOsbHI 3anuUTaHHA

1. AKi YWNHHUKKM OBYMOBAIOOTb MOXKIMBICTb CTUCHEHHS 3BYKOBWMX CUrHanis 6e3
BMHMKHEHHSA CMOTBOPEHb NP iX CNPURHATTI NHOANHOLO?

2. Yomy He MOXKNMBO TOYHO BiAHOBUTM POPMY 4acoBOi GYHKLLi 3BYKOBOro CUrHany
nicnA ycyHeHHA Moro NCUX0aKyCTUYHOI HAaaIMLLKOBOCTI?

3. Lo TaKke NncMxoaKycTM4YHa eHTponia?

4. AKipnAayoro BM3HA4YaTLCA rNobanbHi NOPOrK NCUXOAKYCTUYHOIO MACKyBaHHA?

5. B yomy nondArae cyTb eHTPOMNIMHOro KoAyBaHHA MpPU CTUCHEeHHi iHpopmauii 6e3
BTpaT?

6. Lo Kaxe Teopema LLIeHHOHaA WOAO MOXAMBOCTI CTUCHEHHSs iHpopmauii 6e3
BTpaT?

7. fKi OCHOBHi XapaKTepuCTMKM Ta BNACTUBOCTI CTaHAapTy MPEG-1.

8. AKi npuHUMNM KoayBaHHA 3acTOCOBYOTLCA Y dopmaTi MP3?

9. AKi [ooAaTKOBI MOXAMBOCTI MOPIBHAHO i3 cTaHaaptom MPEG-1 3’aBuauca vy
ctaHgapTti MPEG-2?

10. 3 AKoto meToto cTBOptoBaBcA cTaHaapT MPEG-47?

11. AKi anropuTMn KoayBaHHA MOBU BUKOPMCTOBYHOTbCA B CTaHAapTi MPEG-47?

12. AKi OCHOBHI Knacu KogepiB BUKOPUCTOBYHOTLCA A/1A KOAYBAHHA MOBU?

13. AKi MOXXNMBOCTI HA4AE KOPUCTYBa4Yam cTaHAapT MPEG-7?

14. AKi anbTepHaTUBHI MeTOAM CTUCHEHHA 3BYKY ICHYIOTb HapAady 3i CTaHA4apTamu
MPEG?

15. 3ByKOBI KOAeKi AKMX GpopMaTiB NiATPUMYIOTb MOTOKOBY nepeaaydy AaHux?
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