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I'naa 1. YacToTHast KOppeKIus
1.1. BBenenue

[Ton 06paboTKOIl 3BYKOBOTO CHTHaIa MOHUMAETCs U3MEHEHHE ero YacTOTHOM uin (a30Boi
XapaKTePUCTUKH, CYKEHHE WIN PACHIMPEHHE JHHAMUYECKOTO JUarna3oHa, MPUMEHEHUE aMILIH-
TYJIHOH, 4aCTOTHOM MK (pa30BOM MOAYNALINY, yIaJCHHUE IIYMOB, a TAK)KE CO3/IaHUE 3a/iepiKaH-
HBIX 110 BPEMEHH 3aTyXarolluX KOMuil 3Toro curHama. llempio  00paboTKu MOTYT OBITH Kak
YHCTO TEXHUYECKHE 3a/1a4l, TAKHE KaK COTJIaCOBAaHUE IMapaMEeTPOB CUTHAA C XapaKTePUCTHUKaAMHU
AIIEKTPOAKYCTUYECKOTO TPAaKTa, TaK M XYI0KECTBEHHBIE, OIpeeNsieMble 3BYKOPEKHCCEPOM, B
YaCTHOCTH, 3TO MOTYT pa3n4yHble 3BYKOBbIE 3 (eKThl (TpemMoio, BUOpaTo, X0p, 3X0, peBepoe-
pauus u Ipyrue).

B nacrosimee Bpemsi 00pab0oTKa 3BYKOBBIX CHUTHAJIOB MPOU3BOIUTCS MPEUMYIECTBEHHO B
U(GPOBOM BHJIE C MTOMOIIBIO 3BYKOBBIX MpoiieccopoB. Eciin paHblie 3ByKOBBIE U Paiio CTYIUU
pa3Menaiuch Ha HECKOJBbKUX JECATKAaX KBaJpPaTHBIX METPOB, TO TEMEPbh UX MOXKET 3aMEHUTH
XOPOIINH KOMITBIOTEP, KOTOPBIN 110 BO3MOKHOCTSIM TPEBOCXOIMT JECATh TAKUX CTYAMN BMECTe
B3STHIX, @ TI0 CTOUMOCTH OKa3bIBA€TCS MHOTOKPATHO JEUIeBJI€ OJHOW CTyAMU. DTO CHHUMAET
MHOTHE (PUHAHCOBBIE Oapbephbl U JIeTAeT 3BYKO3AMHCh 0oJiee OCTYIMHOW W MPOECCHOHATY U
MIPOCTOMY JTIFOOUTENIO.

CoBpeMeHHOE MPOrpaMMHOE OOECTIEYCHHE MO3BOJISIET OCYIIECTBISATh CKOJIb YTOJHO CIOX-
HbIE MPeoOpa30BaHUs 3BYKOBBIX CHUTHAJIOB M CO3[aBaTh CaMmble HEBEPOSTHbIE 3BYKOBBHIE 3(-
(dekThl. B aHaOroBo# TeXHUKE OYTH KaXIbIH OTAEIHHBINA 3ByKOBOH 3(h(eKT co3maercs myrem
MCIIOJIb30BaHUs OT/EIBHOTO YCTPOICTBA, KOTJa KaXk/I0€ TAaKOE YCTPONHCTBO MOXKET CTOUTh OYEHBb
noporo. B mudpoBoii TeXHUKE Ka4eCTBO 00paOOTKM CUTHAJIOB B HUX HAMHOTO MEHBIIIE 3aBUCUT
OT KavecTBa anmnapaTypbl. OueHb BaXKHO, YTO ISl Pa3IMYHBIX MAHUITYIALUNA CO 3BYKOM HE Tpe-
OyeTcsi MOCTOSIHHASE CMEHa 00O0PYAOBaHMS, TOCTATOYHO U3MEHHUTH MPOTPAMMHOE OOECIIeUECHHUE.
HNmenHo mostomy 1udpoBas TEXHHUKA YK€ CETOAHS IMOUYTH MOJTHOCTHIO BBITECHWIA U3 CTYIUH
CTapylO aHAJIOTOBYIO amIaparypy.

Mexanu3mbl 1TUPPOBOIT 00pabOTKH 3ByKa pealnu3yloTcss Kak B MPOTPAMMHOM, TaK H
anmapatHoM wucronHeHnd. Hambonee dacto oOpaboTka 3ByKa OCYHIECTBISETCS C IOMOIIBIO
3BYKOBBIX KapT Mpo(ecCHOHATBFHOTO M OBITOBOTO HA3HAYEHHUS C MCIOJIB30BAHHUEM 3BYKOBBIX
PEeaKTOPOB CIIEIUATFHOTO HAa3HAUYEHUSI. Haubonee mmpoko nmpumensercs: pegakrop Sound
Forge, umeronmii nHambornee OONBIION TakeT 3BYKOBBIX IUIATHHOB, TMOJB3YIOTCS OONBIION
NoMyJISipHOCTBI0  3BYKOBBIE penaktopsl Cool Edit Pro m  Steinberg WavLab. Oco0o Bricokoe
KadecTBO 00pabOTKM 3Byka oOecreunBaeT naket miaruHoB Waves Platinum Native Bundle 4.
O0paboTka 3ByKOBOI'O CUTHAJIA MOYKET OCYILECTBISATHCS B PEAIbHOM BPEMEHHU WIIM IPUMEHSTHCS
B OTHOILIEHUU YK€ 3anucaHHoi (oHorpaMMbl. OOpaboTka GoHOrpaMM MPUMEHSETCS Ha CTauu
MacCTEpHHIa WJIH MOJTOTOBKH WX K TUPAXUPOBAHUIO, KOT/Ia BaXKHA HE OBICTPOTA, a CKPYITyJIe3Has
mpopaboTKa BCEX HIOAHCOB 3BYYaHHUS.

B Hacrosiiiee Bpemsi oObIYHAs TIECHS “‘COOMpaeTcs” MO YacTsM, TPEK 3a TPeKoM: OO0
HECKOJIbKO MY3BIKAHTOB HWIPAIOT KaXKAbIH CBOIO MApPTHIO, JIMOO ATO JAENaeT OJAMH MY3BIKAHT
(urpaet 3a Bcex). McnonszoBanne MUJIM cekBeHCOpPOB MPUBOIUT K TOMY, YTO HEKOTOpHIE
TPEKU HE UMEIOT HUYETo OOIIEro ¢ UCXOIHBIM HCIIONHEeHHeM. PaboTa uHkeHepa u mpojrocepa
COCTOUT B TOM, YTOOBI COOpaTh BCE ATH MPOCTPAHCTBEHHO-BPEMEHHBIE COOBITHS U CIeNaTh U3
HUX MY3BIKYy, B KOTOpPOWM KakJlas 4acTh HJEalbHO MOAXOAUT K Jpyroid. UtoObl caenaTh 3TO,
HYXXHO OBITh HEMHOTO XYAOKHHKOM, HEMHOTo Y4eHbIM. HeoOxoamMo 3HATh (HU3UUEcKue
OCHOBBI OCYIIECTBIIIEMBIX NMPEOOPA30BAHUI U YMETh IPAMOTHO MOJIb30BATHCA 000PYAOBAHUEM.
HayunbIii actiekT paboThl COCTOUT B TOM, YTOOBI 3HATh, KAK COCMHUTH BCE B EMHYIO CHCTEMY U
KaK YOpaBlATh MapaMeTpamu, BIUSIONMMH Ha 00pabOTKy 3ByKa. XYIOXKECTBEHHBIH aCHEKT



BKJIIOYAETCs, KOT/Ia BBl IPUHUMAETE PElIeHue, Kakue d3PQPEeKTh U 3BYKH HCIOJIb30BATH, KAKUM
JIOJKEH OBITh OallaHC M KaK Pa3MECTUTh pa3IMuHbIe MapTUHU B OKOHYATEIHHOM MUKCE.

udposas 06paboTKa 3ByKa 3TO AOPOTrOCTOSINAS U, YACTO, OUE€Hb PECypCOeMKas omeparys.
[Toka cymiecTByeT MHOXKECTBO Ppa3JIMYHBIX OINEpaluii HajJ 3BYKOM, KOTOpbIE BCJEICTBUE
HEJ0CTAaTOYHOW ITPOU3BOJUTENBHOCTH COBPEMEHHBIX MTPOLIECCOPOB HEBO3MOXKHO PEAIN30BATh B
peaJibHOM BpEMEHH, K TaKHUM OIepalusiM OTHOCHUTCA CHEKTPaJbHBIM aHalu3 U HEKOTOpbIE
aJITOPUTMBI peBepOepaIui.

1.2. Haznayenue u ki1accupukauus puiibTpos

[Tonq 4YacTOTHOM KOPpPEKIMEW TMOHUMAETCS TMOBBINICHUE WM TOHWXKEHHUE YpPOBHSA
CIEKTPAIbHBIX COCTABJISIOIIMX 3BYKOBBIX CHUTHAJOB B BBIOPAHHBIX II0JI0OCaX C TOMOIIBIO
buIbTPOB 0Oe3 6Hecenus HOGuIX cocmasnAlowux cnekmpa. Heo0XoAUMOCTh Cephe3HOM
YaCTOTHOW KOPPEKIMH 3BYKOBOCHPOM3BOJMAIIEH ammaparypsl Haubojee dacTto 0OycIOBJIEHA
IUIOXUMH aKyCTMYECKHMHU XapaKTepUCTUKaMU MOMEIICHWH, TJe MPOBOJUTCS KOHUEPT WU
[IPOCIIyIIMBAEeTCsl 3ByKo3amucb.  Ecnm, Hampumep, B 3ajJ€ HMMEIOTCS POBHBIE TBEpAbIE
MOBEPXHOCTHU CIIEHBI U 110J1a, OETOHHBIE WM KUPIHUYHBIE CTEHBI, )KECTSAHAs KpbIlla, TO BCE 3TO
MOJKET HayaTh IpeMeTh U Apede3KaTh, a B JIyUIIeM CIy4ae BOKAIHMCT U CIIyIIATeNd IMepecTaHyT
MOHMMATh CJIOBa M3-3a CHW)XEHMs pa30opumBocTU. Cepbe3Hble NPOOJIEMbl C Kau€CTBEHHBIM
BOCTIPHSITHEM 3BYKa BO3HHUKAIOT M B CaJOHE aBTOMOOMJIS. AmnmapaTypa 4aCTOTHOW KOPPEKLIUHU
3BYKOBBIX CUTHAJIOB SBIISIETCS CBS3BIBAIOIINM 3BEHOM MEeXy 3By4aHUEM
3BYKOBOCIIPOU3BOJAIIEH CHUCTEMBI M OTKIMKOM IIOMEIICHHS, U OHa B 3HAYUTEIBHOW Mepe
MOJKET TaKue MPOOJIEMBbI PEIIUTh.

YacToTHBIE KOPPEKTOPBHI HCIOJIB3YIOTCSI BO BCEX CTYAUSAX 3BYKO3allMCH U 3BYKOBOTO
Bemanus. C HUX MOMOIIBI0O OOBIYHO PEIIAlOTCS YHMCTO TEXHUYECKHE BOIPOCHI, TaKHe Kak,
OTPaHUYEHHUE IIOJIOCHI 3BYKOBOI'O TPAKTA, IOJABJIEHUE HU3KOYACTOTHBIX IIYMOB M CETEBBIX
HaBOJIOK, KOppEeKLIMS aMIUIMTYAHO-4aCTOTHBIX  XapakTepucTuk (AUX) wMuxkpodoHOB,
IPOMKOTOBOpUTENEH U moMerieHuil. B nmocnennee Bpems npu cBeJIeHUH U MacTEpUHTe Bce Ooliee
IIMPOKO YAaCTOTHAsI KOPPEKLUS MPUMEHSETCS Ul PEIIEHUs] TBOPUYECKUX 3a/1a4 3BYKOPEKHCCEPOB
M0 CO3JAHUIO XYIO0XKECTBEHHBIX 3BYKOBBIX 3()()eKTOB M MPUAAHUIO 3BYYAHHUIO HOBOW OKPACKH.
OTO cTajgo BO3MOXHO TP WHIWBHAYAIHHOW YAaCTOTHOM 0O0paOOTKE  TMOYTH KaXIO0To
MY3bIKaJIBHOTO UHCTPYMEHTA U BOKAJIUCTA.

B ayamorexHuke 4acTOTHasi KOPPEKLHUS 3BYKOBBIX CHUTHAJIOB OCYILIECTBIISIETCS C MOMOIIBIO
CIICAYIOIIMUX YCTPONCTB U (PUIBTPOB, KOTOPBIE MOTYT OBITH B BUJE OTJEIBHON anmapaTypbl iU
MIPOrPaMMHOTO MPOAYKTA!

*  (QuIBTPBI OTPaHUYEHHS TOJOCHI YaCTOT,

*  (QuIbTpHI IUIABHOTO TIOIBeMa 1 criafa AUX,

*  MOJIOCOBBIE (DMIIBTPHI,

*  (QUIBTPHI KIIPUCYTCTBUS

* rpaduueckue dKBanaii3zepsl,

* [apaMEeTpUYECKHUE DKBaJai3ephl,

* maparpadu9ecKue dKBaIAN3EPHI,

*  KpPOCCOBEDBI.

@WIBTPBI, UCIOIB3YEMBIE IIPU YACTOTHOM KOPPEKLMH, 110 NPUHLUIY pealu3aliu, Npexie
BCEro, pa3JeNsioTcsl Ha aHajoroBble W HHU(poBbIe. B cBOIO odepenb aHajaoroBble (QUIBTPHI
MOTYT OBITh BBIMIOJTHEHBI KaK Ha MACCHUBHBIX, TaK M HA aKTHBHBIX dJeMeHTax. [lo mpuHImmy
paboThl Bce (QMIBTPHI PA3feISIFOTCA Ha JIMHEWHbIE W HENMWHEWHbIe. B 3aBUCHMOCTH OT BHIA
UMITYJIbCHOM NepeIaTouHON GyHKIUU GUIBTPHI pasenstorcs Ha pekypcuBHble (BUX GunbTpsl,
¢ OECKOHEYHON UMIYJIBCHOM XapakTepucTukoil) u HepekypcuBHble (KX GuibTpsl, ¢ KOHEUHOM
UMITYJIbCHOM XapakTepuUCTHKOH). Bce aHamoroBele GWIBTPHI SBISIOTCS PEKYPCUBHBIMH,
1upoBbie GUIBTPHI MOTYT OBITh KaK PEKYPCUBHBIMHU, TaK U HEPEKYPCHUBHBIMHU.



Cpenu MHOKECTBa PEKYPCUBHBIX (QUIBTPOB 10 6UAY NEpeOamoyHol yHKyuu OTIETHHO

BBIJICJISIFOT HanOoJiee KaueCTBEHHBIC (PHITBTPHI:

HO

¢bunsTpel beccenst — obmanaror Hanbonee rmagkumMu AUX u @YX (ocobeHHO B mojioce
IIPOITyCKaHMsl ), 0JIHaKO KpyTu3Ha crnajga AUX y HUX HauMeHbIas;

¢unbTpel barTepBopra — umerot 6onee kpyroit cnaxg AUX (6N nb/okraBy, N - mnopsaok
¢uibTpa) 1 MeHee JauHelHy0 OUX;

¢wieTpel YeObieBa — umeer eme Oonee kpyroit cmax AYUX, onmnako, mx AUX He
MOHOTOHHA, a UMEET OCUWIISALMU 33JaHHOTO YPOBHS B IOJOCE MPOMYCKaHUs, JU00 B
nosioce mopasienus. PUX ¢unbTpoB UeOblieBa HEMOHOTOHHA UM UMEET MUK BOIH3U
4acToThl cpe3a. [Ipu 3amaHuy MEHBIIMX TyJbcanui (UIbTpa KpyTH3Ha cmaga AUX
yMeHnbIiaercs, 1 ¢puinbTp YebsieBa mpeBpamaercs B ¢puibtp barrepsopra;
unTHYeckue GuiIbTpel — oOnanaroT HauOosee KpyThiM cnaag AYX, HO HMEOT
nynascamun AYX kak B I0JIOCE NPONYCKAaHMs, TaK W B mojoce nogasieHus. OUX
AIUTUNTHYECKUX (QUIBTPOB HE MOHOTOHHA. [Ipy moBbIIeHNH TpeOOBaHUN K MyJIbCAIUSIM
3TOT UIBTp NpeBpamiaercs B GpuibTp YeoOblena.

[To Ttomy, xaxue uwacmomul purvmpom nponyckaomcs (3adepacusaiomcs), (PUIBTPHI,
UCTIONIb3YeMbI€ MIPH YACTOTHOW KOPPEKIIMH, MOPa3AEIIOTCS Ha CICAYIOIINE TPYIIIbL.

@unbTp HU3KKMX yactoT (Lowpass — LP) Beigensier HIKHHE 4acTOTHI 10 YacTOThI Cpe3a
J¢ ¥ OZABIISET YaCTOTHI BHIIIE 3TON YaCTOTHL.

OunbTp Bbicokux yacToT (Highpass — HP) Beimensier yacToThl BbIle YacTOTHI cpe3a U
[IOJIaBJISET YaCTOTHI HUKE ATON 4aCTOTBHI.
[TomocoBoit mpomyckarommii ¢uwibTp (Bandpass — BP) Beigenser 4acToTel — BBIIIE

4acTOTHl cpesa fo/ M HMXKE 4acToThl cpe3a fcp. UacToTel Huke  fo; u BRI fop

MOAABJISIOTCS.
[TomocoBoit pexxekropubiit punbTp (Bandreject —BR) BbifenseT 4acTOThl BBIIIE YaCTOTHI
cpesa  fepu Hmke wacToThl cpesa fe;. UacToThl HuUKe Jeh  w BBIIE [y
MOJABJIOTCA.

VY3konosocHbI Tipomyckaronuii punbTp (Resonator filter) mpomyckaer wacToTsl B
Y3KOM 1osioce BOIM3HM 4acTOTHI cpe3a fe .

VY3kononocHbli pexxekTopHblil ¢unbTp (Notch filter) momaBnsier 4acToThl B y3KOU
10J10ce BOJIM3M YacTOTHI cpe3a fe .

Bce npomnyckaromuit punbTp - dazoBbiii puibtp (Allpass filter) nmpomyckaer Bce 4acToTshl,

N3MCHSACT (pa3y BBIXOJHOTO cHUTHana. YacTOoTHBIE XApPaAKTCPUCTUKU ITUX (I)HJ'ILTpOB

Hif# Lp Hif4 BF HifH Resunator

)
th

D i, fHz 0 f, f, fHz D £, Hz
HibY P Hif)t BR HH Nota
| . SR / . | R
0 L fidz B f fr  fHz D A fHz

Puc.1.1. YacToTHBIE XapaKTEPUCTUKU (UIBTPOB, UCIOIB3YEMBIX B ayTHOTEXHUKE

IpuBeJeHbI Ha puc. ..

YacToTHast 00pabOTKa CUTHANA C MOMOIIBIO (GMIBTPOB — 3TO CIIOXKHAsL, TOPOroCTosIIas U,
IJIaBHOE, pecypcoeMmkas mponenypa. OHa CpaBHUTENBHO HEIAABHO CTaja IPOBOAMUTHCS B
IUPPOBBIX YCTPOMCTBAX — paHblie pazauyHble 3(QQEKThl 3BY4YaHHS  JIOCTUTAIMCH IyTEM
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00paboTKHM 3ByKa B aHAJIOTOBOH ammapartype. B Takoii anmaparype s peanusanuu GUIBTPOB
TpeOyeTcst OOJIbIIOE YHUCIO NACCHUBHBIX M AaKTHUBHBIX JJIEMEHTOB C OYE€Hb BBICOKUMU
TpeOOBAHUSAMH K TOYHOCTH MX H3TOTOBJCHUS M, TJaBHOE, K COXPAHEHHIO IapaMeTpoB B
mpouecce JUIMTEIbHOW JKCIUTyaTalliM TMpH HU3MEHEHWH TeMIepaTypbl W  BIIAXKHOCTH.
BosbIIMHCTBO aHANOTrOBBIX (MIBTPOB BHOCAT B CHUTHAJBl YaCTOTHO-3aBUCHUMBIA CABHI TIO
BpEMEHH. OTO 3HAYUT, YTO pa3jIMyYHble YAaCTOTHBIE KOMIIOHEHTHI CHUTHaja 3aJepXKUBAIOTCS
¢bwIbTpoM Ha paznuuHoe Bpems. Kak mpaBuiio, 3To HexkenaTesbHbIA AP PEKT.

Bo3moxHOCT, k€  HCMONb30BaHUS LUMPOBBIX  YCTPOMCTB HMEET  HEOCIOPHUMBIE
NPEUMYIIECTBA, TaK KaK KayecTBO OOpabOTKM CHUTHAJIOB B HMX HAaMHOI'O MEHbIIE 3aBHCUT OT
3JIeMEHTHOM 0a3bl anmnapartypsl. [ 1aBHOE B 3TOM Cily4ae — 3TO TOYHO OIU(PPOBAThH 3BYK U UMETh
BO3MOXHOCTh BOCIPOHM3BOJUTH €ro 0€3 CYIIECTBEHHBIX UCKaKEHHUMH, TOT/1a Ka4YeCTBO YaCTOTHOM
00pabOTKH JIOKUTCS YK€ TOJBKO Ha MPOTPaMMHBIN MPOAYKT. BaxxHOo, yTOo mpu 3TOM id
Pa3NUYHBIX MAaHUOYJSIIMKA CO 3BYKOM He TpeOyeTcs MOCTOsHHas cMeHa oOopynoBaHus. Jlis
uuppoBoil  00pabOTKM 3BYKOBBIX CUTHAJIOB TpeOyeTcs OCTaTOYHO MHOTO BPEMEHH, MOITOMY
MHOTHE OIEpaIMM IT0Ka BHITIOIHSAIOTCS B IOCT-PEKUME.

K coxanenuto, nudpoBbie yCTpOHWCTBA BCETAa BHOCAT B 3BYK HEUTO COOCTBEHHOE, NENAI0T
€ro IOXO0KUM Ha KOMIIBIOTEPHOE MYJbTUMEAMMHOE ayIuo0, W I10 3TOM NPUYUHE HE JKaIYyITCA
aynuoduinamu. Jta mpobiieMa MOCTENEeHHO HCYe3aeT, TaK KaKk B COBPEMEHHBIX SKBaslaiizepax
y’Ke€ UCTOoNb3yeTcs 24-pa3psIHOe KBAaHTOBAHUE U YAaCTOTA JUCKPETH3aluu JocTuraet 96 u 192
k[ IIpu 3TOM OBICTPO MaaeT CTOMMOCTh TaKUX MpeoOpazoBaTeneil.

[Tpu undpoBoii punpTpanuu Haudonee MUIMPOKO UCTIONB3YIOTCS PEKYPCUBHBIE (DHIBTPHI,
paboTa KOTOPBIX OCHOBaHa HCIIOJIb30BAHUM YacCTOTHO-3aBUCHUMOW OTpULIATEIbHONM 0OpaTHOU
cBsi3u. OHM oOuYeHb OBICTPHIE M B OCHOBHOM HCIIOJIB3YIOTCSI B HPOTPAMMHBIX MPOJIYKTaX,
IpelHa3HaYeHHbIX s paOoThl B pealibHOM Maciitabe BpeMeHHu. Ilopsaok 3Tux ¢GuiIbTpoB
MokeT gocturats 30.

Pa6ota nepexypcuBabix KUX-punbTpoB ocHOBaHA Ha MCIIOH30BAHUNA MAaTEMaTHYECKOM
orepauuu cBepTku. OHM 00ecreuyrnBalOT OYEHb XOPOLIYI0 (MIBTPALUIO NPH OTCYTCTBUHU
(a30BbIX HCKaKEHUH, HO HMMEIT HHU3Koe ObicTponeicTBue. IlpuMeHsoTcs B 3KBajaiizepax,
KorjJa He TpebyeTcs 60blasi TOYHOCTh (MIIBTPALUT

1.3. BazoBbie nHM(ppoBbIE PUIBTPHI

B wactoTHOI KOppekuuu Hanbojee 4acTo UCHOIb3yloTcs 4 BHIa HHU(POBHIX (UIBTPOB:
¢bunbpTpel MmIaBHOTO noabema/cmana AYX Ha Kpasgx 3BYKOBOTO Juana3oHa (1ienb(oBble
¢wietper HY u BY), mosnocoBble npommycKaromine/3aepKUBaoIue MHUKOBbIE (MIBTPHI U
Y3KOIOJIOCHBIE MPOIMYyCKAaroIIne/3aepKUBaroIIe MUKoBble GUIbTpel cpeaHux dactor (PCUY).

fy fy

Gid8 +_:§ :_} }Z_i Jﬁ‘ {_:—Fr
= = Y =
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Menboserii  upoxomonocHslii  Y3kononocHeli  [enbsdobrii

dHY TIPOITYCKAFOTITHH / TIPOITYCKAFOTITHIA / ®dBY
3a/1ep>KUBAIOIIAN 3a1epKUBAIOILUI
oCYH oCYH

Puc. 1.2. YacTtoTHble XapaKTEpUCTUKU QHIBTPOB, IPUMEHSIEMBIX B ayAMOTEXHHUKE

Koadduuuent nepenaun 3Tux (UIBTPOB OMpEACSICTCS B JOTapU(PMUUIECKON HIKAJIe U MOXKET
ObiTe  Bbime M HIke 0 1b. TUnoBbIe YacTOTHBIC XapaKTEPUCTHKH 3TUX (PUIBTPOB MPUBEICHBI
Ha puc.l.2.  JloctaTO4HO 4YacTO WUCHONB3YyIOTCS  u o0Ope3nsie ¢uisTpel HY u BY,
OrpaHWYMBAIOIINE YAaCTOTHBIM JMana3oH. bBONBIIMHCTBO 3THX (QWIBTPOB  SIBISIOTCS



PEKYPCUBHBIMH, TPOEKTUPYIOTCSI OHHU Ha OCHOBe 0a3oBbIX ¢uibTpoB — ®HY, ®BY u Bce
nponyckatronux ¢puiastpos (OBII).

Ecnu mpoexkTupoBaHMe aHATOTOBBIX (DUIIBTPOB OCYIIECTBISIETCS Ha OCHOBE MCIOJIb30BAHMUS
npeoOpazoBanmii Jlarutaca, To pacueT nuPpPOBHIX (GUIBTPOB MPOU3BOIUTCS C MUCIOJIB30BAHUEM
Z- npeoOpa3oBaHuil. ITO CBSA3aHO C TEM, UYTO B IIEPBOM CIIydae Mbl IMEEM MHCXOJHbIE CUTHAJIBI B
BUJIC HENpPEpHIBHOW (YHKIMHM BpEeMEHH, a BO BTOPOM — 3BYKOBBIC CHTHAJBI SBISIFOTCS
JTMCKPETHBIMH (DYHKIUSIMU BPEMEHHU.

[{udpossie GUIBTPHI peaTn3ylOTCs Ha OCHOBE BCETO TPEX DJIEMEHTOB: 3aJep)KKa Ha OJHWH
TaKT C TepPeAaToYHON (DyHKIMEH z~', ABOMYHBIA CyMMATOp M JBOWYHBIN YMHOXHTENb. [IpH
MOCTPOCHUN (WIBTPOB HA OJTUX DJIEMEHTaX WCIONB3YIOTCS npsiMvle U 0Opamuvle CEs3uU,
K03 (UIMERTBI 3THX CBsI3el 0003HAYAIOTCSA, COOTBETCTBEHHO, Kak b, u 4.

MaremaTtnuecku paboTa TakuX (UIBTPOB OIHUCHIBAETCS PA3HOCTHBIM  yYpaBHEHHEM
(ypaBHEHHE B KOHEYHBIX PA3HOCTSAX), KaK 3aBHCHMOCTh BXOAHOro X(7)wu BbIXOAHOTO Y(7)
CUTHAJIOB B (DYHKIIMM BPEMEHH 33/I€PKKU, KOXPPHUIMEHTOB (PHIbTPA U JUCKPETHOTO BPEMEHU
nT , rae "~ nomep BoiGopku, I =1/ f; | fi —wgacrora muckpernzanumu.

Ilepeoamounas pyuxyus puivmpa H(z) onpenensercs kak orHomeHue Z- 00pa3oB
BboixogHoro Y(z) u Bxommoro X (z) curnamos. Momynb mepematounoii ¢yukium |H(2)|

SIBJISIETCSI YaCTOTHOM XapakTepuctukor ¢uinbtpa (AUYX), da3oBas XxapaKTepuUCTHUKA
ompenensercss aprymeHToM 3710l ¢yHkuuu (PUX). Ludpossie GuabTpel MOryT padboTats B

pexume yennenns (boost ), korma  |H(2)|>1 u B pexume ocnabnenns (cut ), xormalH(z)| <1,

Uucno Hynedt ¢unbrpa M Ha eauHuiyy Oosblie yuciaa KOd()UIMEHTOB MPsIMON CBA3M
Pa3sHOCTHOTO ypaBHEHHMS, a YKCIIO IMOJIIOCOB N paBHO yuciay KO3((UIMEHTOB 00paTHON CBA3M
sToro ypaBHeHus. Ilopsnok ¢uinbTpa ompezaensercs HauOOJBIIUM U3 3HAUeHUd M u N, oH
TaKXe paBeH MOPsAKY NOJIMHOMA Pa3HOCTHOTO YPABHEHUSI.

Crnoxnble GuUIbTpsl 2 1 00JIee BBICOKHX TOPSIKOB CTPOSTCS HA OCHOBE 3BEHHEB MEHBIIETO
nopsiika. 3BeHbs 1 W 2 MOPAIKOB MOTYT BKJIFOYAThCS IOCIIENOBATENIBHO, MapaluIeNbHO WU
koMOMHMpoBaHHO. [lpum mocienoBaTEIbHOM COEJMHEHMM 3BEHBEB UX IepelaTO4HbIe
XapaKTePUCTUKH MEPEMHOXKAIOTCA, a MPH NMapauIeIbHOM — CYMMHPYIOTCS.

1.3.1.®OuabTpbl HU3KUX M BBICOKUX 4acTOT 1 mopsiaka

[Tpocreitmas cxema punpTpa PHY 1 mopska ¢ 0JHUM HyJIEM Ha OCHOBE OJIHOTO 3JIEMEHTa
3aIEp’)KKM U CyMMaTopa IpuBeacHa Ha puc.l.3. B 3Toil cxeMe UCTONb3yeTCs npsamas ces3b, C

H()| *
1.5

OHY

x| [ yoy)
—» z 0.8

dBY
Y9 o1 0z 03 04 05 N

Puc.1.3. ®unstp ®HY ¢ onaum Hynem u ero AUX

MTOMOIIIBIO KOTOPOH CYMMHPYIOTCS TIPSIMOM U 3a/IepKaHHbIN curHabl. PabGora Takoro ¢guibTpa
OIMUCBIBACTCA PA3HOCTHBIM YPABHCHHUCM

y(n) =x(n)+x(n=1).

b
[TopsAZOK DTOTO ypaBHEHHs ONPEAENAET IOPSAI0K ® k
¢bunpTpa. b,
[epenarounas dyukims ¢uibtpa B dopme Z- (1) 4 y(n)

"
z
npeoOpa3oBaHus UMEET BUJ "

H()=1+z"!, n<0,5,

Puc.1.4. ®unetp OHY/OBY



rzie z = ¢/2™ - oneparop Z -npeodpaszosanns, N = f/ f;-otHocutensHas yacrtora. YacToTHAs U
(azoBas XapaKTEPUCTUKH 3TOTO (PUILTPA OMPEIEISIFOTCS paBEeHCTBAMU
|H ()| =2 Ros(Tth),  arg[ H ()] =-Ti(H.

Jns pacumpenus: GyHKIUHA Takoro (uiabTpa U BO3MOXHOCTH W3MEHCHHS TMEPEAaTOYHOU

(bYHKU;I/II/I B Cl)I/IJ'IBTp BKIIOYAKOTCA JBa YMHO)KI/ITGJ'ISI, C TIIOMOIIIBIO KOTOpI)IX BBOAATCA

xkoddpuumentsl by u by (puc.1.4.). Ilpu 5TOM pa3HOCTHOE ypaBHEHHUE, €r0 Z- Mpeodpa3soBaHue

U nepenaTovyHas QyHKIMS IPUHUMAIOT BUJ
y(n) =byx(n) +bx(n-1),

Y(2)=b,X(2)+bz"'X(2)
H()=hy+b 27, n<0,5.

Ecmu koo duumentsl by ub pasuel 1 — 510 Dunstp HU3kux yactor. Ecimby =1, a b =—1-

9TO YKC (I)I/IJ'IBTp BBICOKHX 4acTOT. B aToM cjIydac €ro 4aCtoTHas u (I)EBOBB.}I XapPaKTCPUCTUKU
OIMMCBIBAOTCA PaBCHCTBAMHU

|[H ()| =2 Bin(Tt®), arg| H(m)] = g — Tl |

Ha puc.1.3. mpuBeneHa 4acTtoTHas XapaKTEpUCTHKA 3TOro ¢puibTpa B pexnume OBY .
pyeoii eapuarnm noctpoerus puibrpa ®PHY/OBY 1 nopsiaka ¢ 0THUM TOJIOCOM MPUBEICH
Ha puc.l.5. B 3T0l cxeme UCIONIb3YETCsl 00pammuas c653b, C IOMOLIBI0 KOTOPOU CYMMUPYIOTCS
IPSIMOM M 3aJCpKAHHBIM CHUTHAJBI, MIOOTOMY B Pa3sHOCTHOM YPAaBHEHHMM IOSBIIACTCS WIEH C
5
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Puc.1.5. @unsrp (PHY/®PBY) ¢ omauM nomocom u ero AUX

OTpHULATCIIbHBIM 3HAKOM U KOB(I)(I)I/II_II/ICHTOM a,

y(n)=by(n)—a,y(n-1).
Z — peoOpazoBaHue ITOTO ypaBHEHUS U MepeaaTovHas (pyHKIUs 3TOro GUIbTpa OnpeaestoTcs
paBeHCTBaMI/I

Y(2)=b,X(2)—a;z 'Y (z),
b
H(z) = I
(2) a7 (1.1
Jlns »toit cxemsl punbtpa, ecand; <0 - sto ®HY, ecimm @, >0 - 310 ®BY. [lannblii Guiastp

MMeeT TONIoC TIpu Z = —a; kak B pexxume O®BY, Tak u B pexxume ®HY, ¢puiabTp umeeTr HOIb

npu z=0. Ha puc.1.5. nmpuBenenst AUX storo ¢unstpa B pexkumax ®HY u ®BY. Kak BugHO
OHU WMEIOT COBEPIICHHO JAPYrod BHJ MO CpaBHEHHWIO ¢ Trpadukamu Ha puc.l.3. OumbTpsr 1
NOpsiiKa OOBIUHO SIBJISIFOTCSI COCTaBHBIMU 3JIEMEHTaMH 00Jiee CI0XKHBIX (PUIBTPOB.

1.3.2.®uiabTpbl HU3KHX U BBICOKHX YaCTOT 2 MOPAAKA
Quuemp 6mopoco Nopsaoka ¢ 08yMs HYIAMU CTPOUTCA U3 JIBYX 3BEHbEB (DUIIBTpa

(OPHY/®BY) 1 mopsaka ¢ UCMONB30BaHUEM 08yx npsambix cesazei (puc.1.6.). Ero paznoctHoe
ypaBHEeHHE, Z-TIpeoOpa3oBaHUE U NepeaaTovHas (yHKIIUS ONMMCHIBAIOTCS PABEHCTBAMHU:



y(n) =byx(n)+bx(n—1)+b,x(n-2),
Y(2) =byX (2) +bz"' X (2) + b,z 2 X (2),
H(z)=hy+bz ™ +byz™?
Ecmu (b /2)2 > b, 3TH paBEHCTBA MOXHO TPE/ICTABUTH B BUJIC
y(n) = bo{ x(n) ~[2R cos(8, )] G(n 1)+ R2 Ge(n - 2)) »
H(z)=hy[l1-Rcos(8,) 2™ +R* 2], (1.2)
rne R=.b,/by, R<1, 6.=2n,., n.=f/f, f.— uacrora cpeza ¢unbrpa. Takoe

x(n) | ® @ ygn)
2 45
b

0 AUYX
Z—l L6 3.5

1.2

b

- 1 04 Ne=0,1 In. =04 -225
N =0,25
00l 02 0% 04 050N 450 0l 02 03 o4 0350

0

Puc.1.6. ®unetpsl 2 nopsnka ¢ aByms HyisMu. AUX u @UX punbrpa

npeobpasoBaHKe TO3BOJSET 3a4aBaTh 4actoTy cpesa. Ecmu N >0,25 gunstp ocymectiser
nogbeM AUX B 001acTi BbICOKHX YacToT, eciu Ne <0,25 gunprp ocymectsister noxpem AUX

B obnactu Hu3kux 4yacrtor, mpu N. =0,25 ¢uubtp npuobperaer CBOWCTBA 3arpaskIaroIIero.

Benuunna R ompenenser MakcuMaibHbI noabeM AUX Ha kpasx 3BYKOBOIO auamna3zoHa U
MaKCUMaJIbHOE 3aTyXaHHe, KOTOPOe MMEET MECTO Ha 4acToTe OJIM3KOW WM paBHOW 4acToTe
cpeza. Da30BbIl CABUI paBeH HYJII0 HAa YacTOTE MaKCHUMAJIBHOTO 3aTyxaHHMs (UIbTpa,
u3MeHeHus (a3bl ¢ YaCTOTOW TeM CHIIbHee, yeM Omike 3HaueHue R k equnuue. Ha puc.1.6.
npusenensl AUX u ®UX npu R =0,6 u tpex 3Hauenusx yacrotsl cpezal,. =0,1; 0,25; 0,4
Qunvmp 6mopo2o nopsaoKka ¢ 08yMs NOOCaAMu CTPOUTCS W3 JIBYX 3BEHbEB (UIbTPa
(OHY/®BY) 1 mopsiaka ¢ HCHIOAB30BaHUEM 08YX obpamHuix ceszel (puc.l.7.). Ero pasHoctHOe

X(II)C Q_I_ y(n)
b

0

l—

- 0 -
a, 0 01 02 03 04 D.ﬁr]gulil 0.1 0.2 03 04 04N

Puc.1.7. ®unptp 2 mopsiaka ¢ apyms nmomocamu. AUX n @UX punbrpa
ypaBHeHHUE, Z-npeoOpa3oBaHKE U MepeaTouHas (PyHKIUS OMUCHIBAIOTCS PABECHCTBAMMU:
y(n) =byx(n) = apx(n—1) —ax(n-2),
Y(z) =b X (2)-a;z ' X (2) —a,z > X (2),
by

H(z) = 5 =
l+az +a,z

2



Ecnu (a,/ 2)2 > a, 3TH PaBCHCTBA MOKHO MPCACTaBUTH B BUJIC:
y(n) = byx(n) +[2R cos(8,)]3(n—1) - R* Ck(n - 2)
by

H =
(@) 1-2Rcos(8,) 2 ' +R* 372" (1.3)

a
rne R=.a,, R<1, cos(B,) =—§. Takoe mpeoOpazoBaHUE IMO3BOJISICT 33/aBaTh YacTOTY
cpesa. Ecm N >0,25 - st0 ®BY, ecim N, <0,25 - 3170 ®HY, npu N, =0,25 ¢unsrp

CTaHOBMTCS PEe30HAHCHBIM. BennunHa R B 1aHHOM (MIIBTPE BBINONHAET QYHKUUIO AeMidepa,
yeM OoJibllle €e 3HaueHHe, TEM BBIIIE U yXKE BCIUIECK HA 4acToTe cpe3a. l3meHeHus asel ¢
YacTOTOM TeM CHIIbHEe, 4yeM Onrke 3HaueHue R k equauue. Ha puc.l.7. npuBenenst AUX u

®YX pu R=0,7 u Tpex 3Hauenusx yactorsl cpesa: N, =0,1; 0,25 u 0,4.
Yacro cHavana yugposoil guibmp npoekmupyemcs Kak aHan0206blll, BHIOPAHHBIN 3a

H(f),dB
5

— R R2

x(1)

()

Puc.1.8. AxtuBnbii ananoroseiii ®HY u ero AUX

HPOTOTHII, a 3aTeM IOJTydeHHas ¢ TIOMOIIbI0 NpeoOpa3oBanuii Jlaruaca nepenaroynas GyHKINSL
NEePEBOASATCS B Z- TUIOCKOCTh C UCIIOIb30BaHNEM OMIMHEHHOTO peoOpa3oBaHus BUAA

-1
s=2f, F—, (1.4)
z+1
rne s =i[2Lf - xommiekcHas mepeMenHas npeoOpasoBanus Jlaraca, Z— KOMIUIEKCHAS
niepeMeHHas Z- npeobpasoBanus, i =+/—1, f —TeKyas 4actora, fy ~ 4acToTa JMCKPETU3AIUH.

B xauectBe npumepa Ha puc.l.8. nmpeacTaBieHa cxema akTUBHOTO aHAJIOrOBOTo (puibTpa 2-
nopsaka u ero tunoBas  AUX. Ortor GMIBTp XapakTepu3yercs ABYMS HACTPOEUHBIMU

napaMeTpamMu — yacToTa cpesa f. u koddduiment nemndupopanus & . PacueTHble (opMyIbl
TSl HUX AMEIOT BUJT

I= 1 £ R1+R2
¢ omcJRIR2’ 2JR1[R2

Kak BumHO, 00a mapaMeTpsl B3aMMO3aBUCHMBI — HENb3s M3MEHHTh YacTOTy cCpe3a, He
U3MEHHB INPHU 3TOM KO3 uIMeHT nemndupoBanus. Takue (UIBTPHI MOTYT HCHOJIb30BATHCS
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Puc.1.9. ®unetp 2 nopsaxa ¢ 2 HyJIIMH U MOJIOCAMU



TOJIBKO B YCTPOWMCTBAaxX, IJ€ YKa3aHHbIE IapaMETPbl YCTAHABIMBAIOTCA  IPEIIPUATHEM-
M3TOTOBUTEJIEM.

Taxoit GuabTp MOKET OBITH peann3oBaH B LU(GPOBOM BHAE B KaHOHWYECKOH (opme, mpu
KOTOPOM HCTIONB3YIOTCS U IpsiMble U oOpaTHbIe cBs3U (puc.1.9.). PasHocTHOE ypaBHEHHE B 3TOM
cllydae UMeEeT BUJL

y(n) =byx(n) +bx(n=1) +byx(n=2)—a,y(n—-1) —a,y(n-2)
[lepenaTounast ¢GyHKIMS 3TOTO GUIBTPA 3aIMCHIBAETCS B BUIE

by +bz ' +b,z?
0 THE_THE (1.5)

H(z) = = -
l+az +a,z

Jlnist maHHOTO TpUMepa B 3TuX (hopmyriax:
by =1/(1428C+C?), b =2by, by=hy, a=2by(1-C?),
a, =hy(1-28C+C?), C=1/tan(f./f,)

Takast mpoctas CBS3b MEXAYy XapaKTEPUCTHKAMH aHAJIOTOBOIO W K03 UIIMEHTaMU
UGPOBOro (GUIBTPOB MMEET MECTO TOJBKO JUIS MPUBEACHHOW JOCTaTOYHO TPOCTOW CXEMBI
¢dunpTpa. B o00mem ciaydae pacueT pEeKYpPCHUBHBIX MH(PPOBBIX OOPE3HBIX, MIICH(OBBIX W
MUKOBBIX (UJIBTPOB 2 MOPSIKA JOCTaTOYHO rpomo3akuid. CHavyala OHM PacCUUTHIBAIOTCS KaK
aHAJIOTOBBIC C WCIIOJIb30BaHUEM IpeoOpa3oBanus Jlammaca. 3atem mepemarouHast (QyHKIUS
npencrapisiercss B oomeM Bune (1.5), u ¢ momomplo OwnmHENHHOTO mpeodpaszoBanus (1.4)
onpenensroTes Bee KoddpuuuenTsl GuiabTpoB kak GyHkuuu napamerpa K =tan(rrlf/ f.).

1.3.3.Bce nponyckaromue GuiabTpsl 1 U 2 nopsaakos

Bce mpomyckarone ¢uiasTpel (PBII) sBnsitorcss 6a30BOM OCHOBOW JUISl TTOCTPOCHHS
napamerpuueckux ¢GuibTpoB. Takue (GUIBTPH HauboJee IMIUPOKO HCHONB3YIOTCS B
ayIMOTEXHUKE, TaK KaK OHU MO3BOJIIOT OCYILIECTBISATH HE3aBUCUMYIO IEPECTPOMKA YACTOTHI
cpe3a, T0OpOTHOCTH WJIM MOJIOCHI Mpomnyckanusi. @BII 1 nopsodka MOXeT ObITh peaTu30BaH Ha

x(n) IECES

n. 0,4
00l 02 03 04 05N
dazoBas XapaKTECpUCTHUKA

z —
y(n-1)

Puc.1.10. ®unptp Bce nponyckaromui 1 nopsiaka

OCHOBE OJIHOTO 3JIEMEHTa 3aJepKKU, HO Oosee mmpoko npumensercs @OBII 1 nopsinka Ha
OCHOBE JIBYX 5SJIEMEHTOB 3ajiepkku. (Cxema Takoro ¢uibTpa npuseaeHa Ha puc.l.10., B Helt
UCTONB3YeTCsl  KaK npamas, maxk u 0Opamuas CeA3u. PaGora  ¢QumbTpa omnmuceBaeTcs
Pa3HOCTHBIM YPaBHEHHEM BHJA

y(m)y=cl(m)+x(n-1)-cB(n-1),

e
o= tan(Tn,.) —1
tan(Tm, ) +1’

[Tepenatounas pynkmus punstpa ®BII 1 nopsiaka B popme Z- mpeodpa3zoBaHus UMEET BU]I

Ne = /¢! fs ~ - otHOCUTENBHAS YacTOTA Cpe3a.

11



s lee

rea 0

YacToTHas XapakTepUCTUKa OTOro (uiabTpa HE 3aBHCUT  OT 4YacTOTBI M MOMYJb
ko3 duuueHTa meperaud paBeH €AMHUIIE BO BCEM 3BYKOBOM aMamna3zoHe yacTtoT. dazoBas
XapaKTepUCTUKA (UIIBTPAa OYEHb CHJIBHO MEHSETCS B 3aBHCHMOCTH OT BBIOOpa 4aCTOTHI cpe3a

A(2) =

(puc.1.10.). Ipu N =0,25 (a3oBelii CABKT ¢ YBEIMYEHHEM YACTOTHI JMHEHHO YMEHBIIAETCA OT
0 no munyc 180° ma wacrore Haiiksucra. ITpuN, <0,25 ®YX B Gosbluell 4acTH 4aCTOTHOTO

nuanaszona npuoamkaercs k 0°, a korgaNe > 0,25 ona npubmmwkaercs x munyc 180° (puc.1.10.).
YacroTa cpe3a QIIbTpa niaeHo uzmMeHsiencs ¢ IoMolpio Koddduimenta GuiabTpa €.

@BII 2 nopsioka CTpOUTCS HA OCHOBE 4 3JIEMEHTOB 3aJI€P’KKH, U B HEM HCIIOJIB3YIOTCS 08€
npsamele u 0ge oopamusie ceaszu (puc.l1.11). Pabota  QuibTpa ommcheiBaeTCsl pPa3HOCTHBIM
ypaBHEHUEM

y(mn)y=—-—clx(n)+d(l-c)x(n-1)+x(n-2)-d(1-c)B(n-1)+cB(n-2),
rie

o= tan(Ttn, ) —1

tan(TilH), ) +1 ’

d =—cos(2ml.), N.=f./f; — otHOCHTenbHAsd yacTOTa cpe3a GUILTPa

Ny = fp/ fs ~ - otHOCHTEIbHAS TIONOCA (1OGPOTHOCTH) hHIBTPA

x(n) L |x(=D x(n-2) 130
VA » Z

120 -
c d(1 —c) 1 o L—‘EQ

—

n n HL e
00l 02 03 04 05N

- 120
- —=d(I-¢) - 180
®da3zoBas XxapaKTepUCTUKA
= s |le— mpu N, =0.05,0.251 0.4(d =0.01)
y(n-2) y(n-1)

“\H‘H‘"""‘-—-_._
]

Puc.1.11. ®unpTp Bce mpomycKaromuil 2 nopsaka
[Tepenarounas pynkmus punstpa OBII 2 nopsiaka B popme Z- mpeodpa3zoBaHUs UMEET BU/T
-1 -2
—c+d(l-c)& " +z
A (z) = = = - (1.7)

I+d(1-c)2 " —-cld
YacToTHast XapaKTEpUCTUKA 3TOTO (DUIIbTPA HE 3aBUCUT OT YaCTOTHI M KOA(PGUIUMEHT Iepesadu
¢bunpTpa paBeH EIMHHIIC BO BCEM 3BYKOBOM [HANa30HE 4YacTOT. B OOMbINeH dYacTu STOro
nuamna3oHa (a3oBas XapakTEpHUCTUKAa MEHSETCS Majo, HO Ha yacToTe cpe3a (ha3oBblil CIBHUT
CHTHAJIOB CKaukoM m3meHsercs Ha 360°. Ilapamerp d 3amaeT KpyTH3HY HM3MEHEHHsA (a3bl
BOJIM3M 4acCTOTHI cpe3a, (PaKTHUECKH ITHUM TapaMeTPOM 3a/1aeTcsi TOOPOTHOCTh (PHIIbTpa.

1.3.4.Ilapamerpuyeckue (PpUJIbTPHI.
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[Mapamerpuueckue ¢unptpel HY, BY, mnonocoBble MpomycKarolye U IOJOCOBBIE

LP/HP BP/BR
x(n) /- y(n) x(n) /4 y(n)

A(2) A, (2)
T 172 1/2

Puc.1.12. Cxembl napamerpudeckux ¢uinbrpo. @HUY/OBY u
TOJIOCOBOH (PUIIBTP (ITPOITY CKAIOMINI/PEXKEKTOPHBIN )

PEKEKTOPHBIE HA OCHOBE BCE MPOITyCKaromuX (GuibTpoB 1 u 2 cTposrcs myreM no0aBiIeHHUS
BCET0 OJIHOM TOMOTHUTEIBHOM MpsiMoii cBs3M ( puc.1.12.).

Hns noctpoennss ¢unbTpoB HY 1 BYU 1 mopsiakoB ucnons3yercst ¢uastp BIT 1 mopsiaka
(puc.1.10.). Ecnu B 3TO# cXxeMe BBIXOJIHOM CHUTHANl CYMMHUpPYETCSl ¢ BXOAHBIM — 310 ®HUY, ecnu
BeruuTaercss — to 3to ®BY. Ilepenarounas ¢yHkums ¢uiaprpa € TUIABHO MEHSETCS 4acToTa
cpe3a GpuIbTpoB

H(z)=%(1iA1(z)), (1.8)

rne Aj(z) —nepenarounas ¢ynxkmus D®BII 1 mopsaaka, onpenensiercs (opmynoit (1.6). C
MoMOIIb0 K03 dUlMeHTa € TIaBHO MEHSIETCS 9acToTa cpe3a (GUIbTPOB.

Jliss IOCTpOEHUsT  MOJIOCOBOTO MPOITYCKAIOIIET0/3arpaX/1aiouiero GuibTpa HCIOIb3yeTcs
¢unsTp BII 2 mopsinka (puc.7.11.). Ecnu B 3T0il cxeme BBIXOJAHON CHUTHAJl CyMMHUpPYETCS C
BXOJIHBIM — 3TO PEKEKTOPHBIN (UIIBTP, €CIIM BHIYUTACTCS — TO ATO MPOIYCKAIOIUN QHIIBTD.

[TepenaTounas ¢pyHKIUS GUIBTpa

H(z) =%(l +4,(2)), (1.9)

rne 4 (z) —nepenarounas ¢yukums DBII 2 nopsaka, ompenensercs dopmyson (1.7). C
NOMOIIBI0  KOd(pdHIIMeHTa € TUIABHO MEHSIETCS YacToTa cpe3a (GuibTpoB, a koaddunuent d
3a7aeT uX JOOPOTHOCTE.

1.4. Ilnpposbie pUIABTPHI YACTOTHOH KOPpPEeKIHMHU
1.4.1.®uabTpsl 3xkBaaiizepoB Tuna Low-Cut u High-Cut

DunbTpsI Low-Cut wu High-Cut , ucmonb3yloTcsi B ayJHOTEXHUKE IJIsI PE3KOTO
OrpaHUYEHMs] YaCTOTHOIO JMana3oHa 3BYKOBOI'O TPAKTa B 00JACTH HU3KHX M BBICOKMX YaCTOT.
B oTeuecTBeeHON TEXHUUECKOM TUTEpaType MX YacTO HA3bIBAIOT OOpe3HbIMU. [l 3TUX Lenen
npumeHstoT GunsTpsl barrepBopra - ®HY 1 ®BY. Takue GumbTpsl XapakTepusyercs Tpems
OCHOBHBIMH TTapaMETPaMHU: 4acTOTOM cpe3a /., KoapdUIueHToM AeMIUPOBAHUSI H MOPSIAKOM

duneTpa. JI0GPOTHOCTH STUX (GHUIBTPOB SBJIACTCS BEIMUMHON MOCTOSHHOMN, OHA paBHA 1/+/2 .

[Ton wacToTOM Cpe3a MOHMMAETCA YacToTa, Ha KoTopou can AYUYX paBeH Munyc 3 ab.
[lopsimox  ¢QunbTpa ompenensercs MOPSIIKOM ~ €ro  MepeAaTouyHod (QYHKIUH WIIH,
MPUMHUTHUBHO, YUCJIOM KOHJIEHCATOPOB B 3JIEKTPUUECKON cxeme. B ayanoTexHUKe UCTOIB3YIOTCS

C OHY

——
-

Puc.1.13. AkTHBHBIN niepecTpanBaeMblil GUabTp 1 mopsiaka
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¢bmibTpel 0T 1 10 4 mopsaakoB. YeM BbIlIe MOPSJIOK, TEM BbIIIE KpyTU3HA crafa. B ¢unbtpe |
nopsiika KpyTu3Ha cnajia paBHa 6 n1b Ha okTaBy, B ¢uibTpe 2 mnopsanka — 6 1b Ha okTaBy, a B
¢wieTpe 4 mopsinka — 24 nb Ha okraBy. Haumbonee mumpoko HCHONB3YIOTCA  (QUIBTPHI 2
MopsIKa.

Baxwneiimum TpeboBaHMEM K  OOpe3HOMY GWIBTPY SBISETCS 603MONCHOCMb NIAGHOU
nepecmpotxu yacmomvl cpeza QuiabTpa 0e3 u3MeHeHus: KodpduinrenTa aeMnbUpOBaAHUS.
OTUM TpeOOBaHUSAM YIOBJIETBOPSAIOT NapaMeTpuuecKue  (UIbTPbl. AHAJIOTOBBI NMPOTOTUI
takoro ¢unetpa 1 mopsnka npuBeneH Ha puc.l.13. Jlns storo ¢unpTpa uyactora cpesa u
K03 puLreHT neMnpUpOBaHUs OMPEAEIIAIOTCS PAaBEHCTBAMU

Je=21R,C, &=RI/2(R+R)], (1.10)

U3 ¢opmynsl (1.10) BugHO, uTO yacToTa cpe3a f. ompenenseTcsi TOJBKO 3HAYEHHEM

napametpa Ry . Ecmu xosdduiment aemndupoBanus & H3MEHATh TONBKO C MOMOIIBIO

napamMeTpa R , TO TaKuc pCryJIupOBKH 6yI[YT B3aMMHO HC3aBHUCHMBEI. EH_IG OAHHUM BaXHbIM
Beixog ®BY Boixon ®I1 Beixoq ®HY

N
A

Puc.1.14. [lepectpauBaemslii nudpoBoii GpuabTp 1 mopsaka

MPEUMYIIeCTBOM  (DUIBTpa JaHHOTO THUIIA SIBISICTCS €r0 YHHBEpcalbHOCTh. OH MOXET
BBITIOJTHATH GyHKIIMK kKak DHY, ®BY u nosocoBoro ¢GuibTpoB B paMKax OAHOW KOHCTPYKITUH.
B mudpoBoil peanmzanmu CTpyKTypa IepecTpanBaeMoro (GuibTpa HHU3KUX U BBICOKHUX
4acTOT MMEET BWJ, MpUBEACHHBIM Ha puc.l.14. B cxemy ¢unbpTpa BXomar 4 cymmaropa, 3
YMHOXUTENSE | 4 3JIEMEHTa BPEMEHHOUW 3aJepKKU Ha OJIUH TAKT ¢ KO3(PPHUIMEHTOM mepenadn

z"l. B ¢QunbTpe uCmonp3yloTCs TpH Lenum oOpaTHOM cBs3u. PaGora Takoro (QuiubTpa
OIMUCBIBACTCA TPEMA PA3HOCTHBIMHU YPABHCHUSAMMU!

yi(n) =F Oy (n) + y (n-1),

yp(n) = F Oy (n) + yp(n—1), :

yp(n)=x(m) =y, (n=1)=Q Byp(n-1)
rneFy =2sin(tm), O, =2¢, n=/f./f,, [y —4acTora mUCKpeTH3aINH.

Ha puc.1.15. npuBenena cxema 1ugpoBOro napaMmeTpuieckoro oopesnoro gpuiastpa H4/BH
1 mopsimka. OcHOBO# 3TOro (UIBTpa SBISIETCS BCe MpoImyckaronmi ¢GuasTp 1 mopsiaka ¢

b U
®HY/OBY . pax
x(n +/= n
“(_)’AI(Z) *(%)—P(:HY( b e 70,2
1/2 -4
dBY dOHY
"ROTOT 0z 03 08 0s0

Puc.1.15. O6pesHoit punsrp HU/BY 1 nopsijkxa Ha OCHOBE Bce MPOIYCKAOWIETo GHIbTPa
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nepenarounoii ¢pynkumuein A4;(z), ompenensemoit pasenctsom (1.6). Ha sToM e puCyHKe

nokazana gopma AUX B AByX pekMMax pabOThl ¢ OTHOCHTENbHOM uacToToi cpesal, =0,2.
Kpytuzna cnama (mogbema) AUX paBHa 6 nb Ha okrtaBy. Ilepemartounass QyHKIHS STOTO
¢unbTpa

H(z) =%(11A1(Z)).

W3 stoii ¢opmyinsl cienyet, uro ans nepexoxa u3 pexxuma OHY B pexxum ®BY nocratouHo
M3MEHUTH 3HAK B IPUBEJCHHON (opMmyne ¢+ Ha ~.

Pexypcusnvie yugposvie Qurompel 2 nopsoka TaKKe CHaudala pPacCUUTHIBAIOTCA — Kak
aHAJIOTOBbIE C UCMOJb30BaHUEM IpeoOpa3oBaHus Jlamaca, a 3areM ¢ IOMOUIBIO psija
MaTeMaTHYECKUX OMNepaIyii meperaToyHble GyHKIUU STHX (PUIBTPOB MPEJICTABISAIOTCS B (hopme
Z — npeoOpazoBaHusl.

Jns ananoroBoro mportotuna mnepenarounsie ¢ynkuus anss ®HY u ®BY 2 nopsiaka B
¢dopme npeodpazoBanus Jlamnaca MOXKHO MOJIyYUTh B BUJE

1
H(s).p 2@+l

2
S

(1.11)

H(s)pp = (1.12)

sP+sQ2+17
Monynp 3THX NMepeAaTOvHbIX (QYHKIMM OmpeesnsieT YaCTOTHYIO XapaKTepUCTUKY (QMIbTpa, a
apryMeHT — (pa30ByIO XapaKTePUCTHKY.

B mudposoii peasmzanun  punsTpsl Low-Cut u High-Cut paccuuThiBaroTCs B COOTBETCTBUU
C OOmMM alrOpUTMOM, OIMMKMCAHHOM B pazaenie 1.3. ¢ MCMONB30BAaHMEM pPACUYETHBIX (QOpMYI,
NpuBeeHHbIX B Ta0a. 1.1. B aToit Tabnue

K =tan(Til},/ f;).

Ta6n.1.1. Pacuer pmmsTpoB Low-Cut m High-Cut

low-pass (second-order)
a o fiz hy b2
K3 a3 2 Bk IRk
T+vik+K3 [ eyl I+ vIR+KE l+xL-":t}|.‘+.l'."E LHV IR+ HE
_— _ —
high-pass (second-order)
g LY} a3 b. bz
1 -3 1 EEH::—J] |_¥:H1n:*
T+ iR+ R E I 2K+ K3 T+ ik T I+ i K+ 12K &K

Ha rpajuxax puc.1.16 mnpuBeneHsl YacTOTHBIC U (Da30BbIE  XapaKTEPUCTHKH IH(PPOBBIX
¢bunsTpoB HY 1 BU 2 nopsnka ¢ yactoramu cpe3za 30 ['mu 10000 cmama AUX 3tux GuiabTpoB
12 nb Ha oxtaBy. ®aszoBblii caur Mensiercs ot 80° Ha HwKHEH rpanuuHoi yactore 30 ' 10
muHyc 80° Ha BepxHel rpanndHoit yactore 10000 I'm.
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OFpaHI/I‘-ICHI/IC IMOJIOCBI YaCTOT 3BYKOBOI'O CMI'HaJIa B 00JIaCTH BBICOKMX M HHU3KHX 4acTOT C

; Jeumbenbt I'panycet
120
AYKX DdUX
i} T 120
] Gl
-15 - 60 \\
—-an - 120 \‘\.

-23 -130
10 100 1-107 1-10* 1-10" Tn 10 100 1-107 110t 1-10° T

Puc. 1.16. AUX n ®UX Tpakra c 06pe3nsmu punsrpamu HY u BU

MOMOIIIBI0 OOPE3HBIX (MIBTPOB MPOU3BOJUTCS C IIEIBIO COTJIACOBAHMS ITOJIOCHI MPOITYCKAHUS
3BYKOBOI'O TpPaKTa CO CIIEKTPOM 3BYKOBBIX CUTHaOB. IIpu TakoMm coriacoBaHMM AOCTUraeTcs
yAy4IlIeHue OTHOUICHUs cUrHai/mym. OOpe3Hble (MIBTPHI YAAISIOT TAaKKe IIYMBI, CETEBOU
¢on u BY HaBoaku 3a mpezaensaMu CIEKTpa 3ByKOBOT'O CUIHAJIA.

Yacrora cpesa 3TUX (QHIBTPOB BBHIOMpAETCS U3 TPETh-OKTAaBHOTO psja, KPyTHU3HA Cpe3a
o0blyHO paBHa 12 nb Ha oxTaBy. /lng mojaBiieHMs] CBEPXHM3KUX M CBEPXBBICOKMX YacTOT
IIPUMEHSIOTCS. QUIBTPBI ¢ KpyTH3HOM criafa 24 nb Ha oxTaBy.

JUis  orpaHMYeHHs IOJIOCHI YaCTOT HCHOJB3YIOTCS TOJBKO YIpaBisieMble (GUIBTPSI,
MO3BOJISIOIIME  IUJIaBHO — TepecTpauBaTh 4acToTy cpe3a. OObruHo (uiabtp BY ocnmabmiser
3By4aHHUE 4YacTOT, Jiexkamux B auanazone Huxe 300...30 T'u. @uwistp HY npegnaznaven ams
ocialJIeHus 4acToT, JeXalmux B Auana3one Boime 3...10 x['1. Jlnana3zoH 4acToT onpenensercs
XapaKTepOM MY3bIKaJIbHOTO MIPOU3BEICHHS U XapAKTEPUCTUKAMU aKyCTHUECKON CUCTEMBI.

1.4.2.®uabThl 3kBagaizepoB Tuna Low-Shelf u High-Shelf

OunbTpel dkBanaiizepoB tuna Low-Shelf w High-Shelf npennasHadeHbl IS CO3JaHUS
¢dukcupoBaHHOTO MOABeMa (cnana) AUX B 3aaHHOM HMHTEpBAJe YAaCTOT Ha Kpasx YaCTOTHOTO
nuamna3oHa. B OTe4eTBEHHON TEXHHYECKOW JUTeparype ATH (UIBTPbI YacTO Ha3bIBAIOT
menbdoBbiMu (0T aHrimiickoro cioBa shelf — momnka). Iloovem AYX ocywecmensiemcs 6
peodicume yCuieHus, a cnao - 8 pescume ociabeHus..

Llenvghosvie ®HY B pexxume YCUIICHHS HA 4acTOTaX HUXKE YACTOTHI cpeza moabem AUX
HapacTaeT IUIaBHO, U 3aTeM Kod(h¢uuueHT mnepenaun (uibTpa OCTaeTcs MOCTOSHHBIM JI0
HYJIEBBIX 4acTOT (Tmonka). B pexxuMe ocnmabieHuss HMXKE YaCTOThI cpe3a MPOMCXOHUT IUIaBHBIN
cnan AYX, u 3areM Ko3QduIMEHT mepefaund (QUIbTpa OCTACTCA MOCTOSIHHBIM 10 HYJIEBOM
gacToThl (rmonka). YacToTy cpe3a MOXKHO MEHATH IUIABHO BO BCEM 3BYKOBOM JMamna3oHe 0e3
W3MEHEHUs1 KpyTH3HbI Hapactanus (cmana) AUX (puc.1.17.).

Llenvghosvie ®BY B pexXrMe YCHIICHUS HA YaCTOTaX BBINIE YaCTOTHI cpe3a moabeM AUX
HapacTaeT IUIaBHO, U 3aTeM Kod(p(uUueHT mnepenaun (uibTpa OCTaeTcs MOCTOSHHBIM JI0
yactotel HaiikBucra (moska). B pexxume ociaGieHust BBIIE YaCTOTHl Cpe3a MPOUCXOAUT
wiaBHbId cnag AYX, u 3areM koddduumeHT nepenayn (uiIbTpa OCTA€TCA MOCTOSHHBIM 0
yactoTel HalikBucra (mosnka). YacrtoTy cpe3a MOXHO MEHSTHh IUIABHO BO BCEM 3BYKOBOM
nuanazoHe 0e3 M3MeHeHus1 KpyTu3Hbl Hapactanus (crmana) AUX (puc.1.17.).

[lepenarounsie ¢yHKIMKM aHajgoroBoro mnporotuna menbpoBoro DHY 1 mnopsnka,
MOJTy4YeHHBIE ¢ TOMOIIbIO MpeoOpa3oBanus Jlamnaca,
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|

" /,/’I'/d Yemnenne| . \
[ [

0 | 0 | >—
[ [
-12 fe | -12 fo |
MCJ‘M@IGHHG I

[

Tt 001 01 xfu T 0.01 11«
ensgoreriit ®BY [ens¢porerit DHY

Puc.1.17. AUX menbdobix punsrpos HY/BY 1 nopsinka

+7,
H(s>@Hq=in, V,>1 (yennenne), (1.13)

s+1
H(S)gyy = e Vo >1 (ocnabnenue),
0

raeVy —xoaddunment neperaun GpuibTpa Ha HyJIEBOM Yactore. B norapupmudeckoii mkaie Y

O3HAYaeT MOJbEM H CIIajl Ha O/IHY U Ty XK€ BEJIMYMHY, HO pa3HOro 3Haka (puc.1.17).
[lepenarounsie pynkuuu menbdororo ®BY 1 mopsaka

, +1
H(8)qpy =S+l, Vy >1 (ycunenue), (1.14)
Hs)ypy =— 1y 51
»BY s, IR (ocnabnenwue),

raeV, —xoaddunment nepenaun GuIBTpa Ha YacTOTE, paBHOM OeckoHeuHOoCTH. Kak BHaHO M3

3TUX (HOpPMYJ NEPexo U3 PeXKUMa YCUIICHHUS B PEKUM OcialbIeHus: 03HA4YaeT WHBEPTUPOBAHUE
nepenatoyHol pynkuuu. AYX stHx ¢uiabtpoB (puc.l.17) oTnuyaroTcs OYEHb IUIABHBIM
HapacTaHueM (CrajzoM) ¢ KpyTu3Hoi He 6onee 6 n1b/okraBa.

[Ipu mdpoBoit peanuzaruu 3TuX (GUIBTPOB C MOMOIIBIO OMJIMHEWHOTO MpeoOpa3oBaHUs
3TH (HOpMYJIbl TPAHCHOPMUPYIOTCS U IPUHUMAIOT BH]L

H(z) =l+%(l F4,),

rneH, =1-V;, A(z)- nepenatounas Qynkuus 06a30BOro Bce Mpomyckamoomero Guistpa |

nopsiika, ompenensieMas paBeHCTBOM (1.6.). B morapudmudeckoit mkane ycuiaeHue (QuibTpa
—_ G/20 v —

3agaercs B Buge V, =10 , rtne G 3amaercs B aenubenax. B aroit dopmyne 3Haku u +

03HAYaroT, YTO 3TO, COOTBETCTBEHHO, menbhosie PHY u ®BY. DT1oii popmyne cOOTBETCTBYET
cxema mudpoBoro ¢uabrpa Ha puc.l.18. Ona ornmuaercs ot cxembl OHUY/OBY (puc.1.15)

BBEJIEHMEM JIOTIOJIHMTENHLHOM TPSMOM CBS3U ¢ BHIXOJA Ha BXOJ CyMMaropa U MHOxuTens ),
OTIPEICTISIONIETO YCUIIeHHE/0cna0nenne GumbTpa.
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OHY/DdBY
_/+

Puc.1.18. lenpdorerit DHY/OBY | mopsiaka

Jns yBenmuueHus KpyTH3Hbl moabema (cmana) AUX Ha KpasX 4yacTOTHOTO JMama3oHa
ucnonbiyetcs menbossle GuibTpsl HY/BY 2 nopsiaka. [lepenatounsie GpyHKINMN aHATOTOBBIX
MIPOTOTHIIOB 3TUX (PUIBTPOB ONPENEISIIOTCA PABEHCTBAMHU

_ st +sQ2 +V,

H($)ppy = T

, Vy,>1 (ycunenune), (1.15)

vt +sQ20r, +1
H(S)(DB‘I: ° S2+S 2+i

, V,>1 (ycunenue),

B pexxumMe ocnabiieHust 3TH NeperaTouyHbie (PYHKIINA HHBEPTHPYIOTCS.

B umdpoBoit peanuzanumu 3TH (QUIBTPHI PACCUUTHIBAIOTCS B COOTBETCTBUU C OOIIMM
AITOPUTMOM, OTIMCAHHOM B paszerne 1.3. ¢ ucrmonp30BaHueM pacueTHBIX (HOpMyIT, TPUBEACHHBIX
B Tabu. 1.2. Pacuer koapduuuentoB ¢pmibtpoB Low-Shelf u High-Shelf B pexumax ycunenus
(boost) 1 ocnabnenus (cut) MpoU3BOAUTCS 10 pa3HbIM (hopmyiam. B aToit Tabmuie

K =tan(TiLf,/ f;).

Ta6:.1.2. Pacyer ¢punstpor Low-Shelf u High-Shelf

low-frequency shelving (boost Vo = 109/

o

T

1 -_,{zvux+vgx’ Hvp KE— |.-!{wn;{+vuﬁ-i HKE =1 T
143+ K3 I+ IR +K 14+ 2K f K2 L+ vIK 4 HE I+ ak sk

g ay a2 bI |
-

low-frequency shelving (eut ¥y = 10-9/29)

ag h]

g

!

| [
1IN LR I ek ¥, — Akt VKR —1 L—4 2V K+ ¥ 2
ISV K4V K| 12V K4 v K2 |+E?2Vurf+1-fu#* B4 2V Ko Wy b2 L B0 B Wy 9

high-frequency shelving {(boost ¥y = 10°/*%)

-

ay i ag Iy

Vipeb o /T B 82 20Ky, Ty zE;ﬁ.ql e ]
1+ EK+ K3 I+ ER+ KT 12K I+ EK K2 |+5::lf+!(’-E

high-frequency shelving {cut Vg = 10-5/20)

1] fy

[ 4v] L3
El

L b2
K48 (k-1 1= I KT MK -1 - JH Ve K+ K
Vi DV R AR | v IV KR | VBV iR | LIV K IV | L e K vy

onucanHoM B paznene 1.3. Ha puc.1.19. npusenenst AUX unudpossix mensposix DHYU u ®BY
2 mopsiika ¢ ofHOM U ToW ke yacToToi cpe3a 200 I'm. Ha sTux rpadukax HILTIOCTpUpPYETCS
3aBUCUMOCTH popMbl AUX oT koapdunmenta ycunenus (ociadnenus) GpuibTpa.
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HaubGonee wacto mienbhoBbie (QUIBTPHI UCIONB3YIOTCA IJISI  PETyIUpOBKH TemOpa Ha
BBICOKMX M HHU3KHX 4YacToTax. YacToThl cpe3a peryisiTopoB TemMOpa OOBIYHO IKECTKO
HACTPaWBAIOTCA MPOU3BOIUTENEM 00OpynoBaHUS. YacTOThl MaKCUMAIBHOTO TOIbEMA U CIaja
BBIOMPAIOTCS M3 COOOpakeHWH HAWOOJbIEH 3aMETHOCTH Ha CIyX BBOJUMOHN KOppekmuu. B

nb b
20 , a0 . ]
- : e S | YcuneHne
12 | 12 ) ]
; /  —
| I
4 4 =
) /Ir’,— ) V=2 :
-4 : -4 =2 :
- \K ¢ V=4 : O¢nabenue
-12 i -1z - ,
-16 = | -16 AEL =
f. =2000 | | f. #2000

a0 -0
10 100 1-107 1w 100 110 110 T

Puc.1.19. AUX mensdoBeix @HY n ®BY 2 nopsiaka.

COBPEMEHHBIX IUIeepax OOBIYHO MM COOTBETCTBYIOT yacToThl 60 m 10000 I'm. B TumoBmix
KOPpPEKTOpax BEJIMYMHA PEryIHPYyEeMOro MojabeMa U Clajia Ha 3TUX 4acToTaXx cocTaBiseT + 12
nb Ha HU3KUX yacTtoTaxX U + 15 nb Ha BRICOKMX yacTOTaX.

Takue QuIbTpbl BCerJa MPHUCYTCTBYIOT BO BCEX IMyNbTaX, OHM €CTh MOYTH B KaXJIOM
OBITOBOM M aBTOMOOWJIBHOM YCHJIUTENE, MPHUEMHUKE, MarHuTopoHne u mieepe. C mOMOIIbIO
peryistopoB Hu3kux (Bass) m Beicokux (Treble) wacTor MOXHO OTperyaupoBaTh 3BYyYaHHE
CHUCTEMBI TakKMM 00pa3oMm, 4YTOObI OHO COOTBETCTBOBAJO BalllMM BKyCaM U - B HEKOTOPOM
CTETEHU - 0COOCHHOCTSM MOMEIIECHHUS, B KOTOPOM BBl HAXOJIUTECH.

1.4.3.®uabTphl 3kBajaiizepoB Tuna Bell

OuIbTpHl 3KBajaiizepoB Tuna Bell UCTIONb3yIOTCS IS TJIABHOTO MOJbEMa MOAbEMa WU
cnana AUYX SIeKTPOaKyCTHUYECKHX TPAKTOB C 3aJaHHOW ToJocoi u  kod(dummeHTom
yCcHJIeHUs/0cablieHrs B JII0OOM MeCTe 4acTOTHOTO Juama3oHa. B oTeueTBEeHHOW TeXHUYECKOU
JTUTEpaType MX YacTO HA3BIBAIOT MHUKOBBIMH WM (puibTpamu Tuna Bell, Tak kak y HUX AUX
umeeT popmy konokona. Takue GUABTPHI MOTYT OBITH MPOMYCKAIOIIMMHU, 3arpa)IalolluMHu,
[IUPOKOIIOJIOCHBIMHU U Y3KOIIOJIOCHBIMHU.

[TapameTpsl Takoro MoJIOCOBOTO (UIbTPA OIMPENESIOTCS TpPEMsS XapaKTepUCTUKAMU -

CpPeIUHHON (LEHTPaIbHON) YaCTOTOM, Ha3bIBAEMOM 4YacTOTOM cpe3a  f., IIMPHUHON MOIOCHI

nponyckanus & u kospdunuentom ycunenus (ocnmabnenus). ITOT KOIQPHIMEHT YACTO
3ajaerTcss B JenuOenax, IUIFOC MM MHHYC OTHOCHUTEIBHOTO EIMHUYHOTO Ko3(dduimeHTa
1 nepegaun (0 nb). MHorma BMecTO TOJOCHI  IPOIYCKaHUs

Af UCTIONB3YeTCsl  TOOPOTHOCTh (UIbTpa, OMpesesieMas OTHOIICHUEM
[EHTPAbHONH YacTOTHl TOJIOCOBOTO (PUIBTpa K IIMPUHE MOJOCHI
Sdbt 1 npornyckaHusi Ha ypoBHe muHyc 3 nb. Uem Oombiie 3HaueHHe
NOOPOTHOCTH, TeM y)Ke Toioca mpomyckaHus. Bce otm
XapaKTePUCTHKH Yy TMapaMeTpUIeCKuX (QUIBTPOB MOTYT MEHSATHCS
TUTaBHO U HE3aBUCHUMO.

il - Ha pwuc.1.20 mpuBeaena  tumoBas AUX mnpomyckaroiero
nuKoBOoro QuisTpa B pexume ycuwieHus. OHAa CHMMETpUYHA

Puc.1.20. A4X mmxosoro OTHOCHTENBHO [EHTPAIBHON YaCTOTHI, IPU YCHJIIEHUH U OCIa0ICHUI
pusTpa IPOUCXOAUT ee WHBepTUpoBaHue. YacToTa cpesa (GHIbTpa Beeraa

COBMAJIaeT ¢ IEHTpabHON uyacToToi (unbTpa. Ilpu ee mepecTpoiike OT HU3KHUX JI0 BBICOKUX
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4acTOT 3BYKOBOTo nuana3oHa gopma AUX He MmMeHseTcs. OTH (QUIBTPH MOTYT OBITH OYEHBb
Y3KOIIOJIOCHBIMH M BBIJIEIATh WIM MOJABIATH TOJBKO OJHY 4acToTy, HanpuMmep, S0 wmm 51 I'm.
B sTOM cniyyae 1006pOoTHOCTH GMIIBTPOB MOXKET AOCTUraTh 650.

Jlns aHanoroBoro MpOTOTHNA MHUKOBOTO  MpoOITycKaromero ¢uibTpa BTOPOro MOPSIKA,
nepeaarouHas GyHKus B popme npeoOpasoBanus Jlamnaca onpeaensiercs paBeHCTBOM

H(s)=——————, V >1 (ycunenue), (1.16)

rie Vo - mapamerp, onmpenensromuii MaKCUMaNbHBIN mogabeM wiu cnag AYX ¢unsrpa, npu

— LA
| 2 A0

Puc.1.21. [TukoBbIit GuIIbTp 2 TIOpsAIKA

Vo =1 xoospduument nepenaun pasen 0 1b. B pexume ocnabnenus nepenatounas QyHKIUS
WHBEPTUPYETCA
OcHoBOI 1H(POBOro MapaMeTpU4IecKoro MUKOBOTO (GHIbTpa 2 TOPsAKA SIBISETCS BCE
nponyckaromuii  GuiasTp 2 nopsaka, nepenatounas GyHkius kotoporo 4,(z) ompenensercs
paBerctBoM (1.7). B cxemy dunbTpa Bxoaut ¢unbtp BII, 1Ba cymmaropa, olMH yMHOXKHUTEIb
u 2 nenu npsmMoit cesizu (puc.1.21). Tlepenarounas xapakTepuUCTHKa TaKoro (GUIbTpa
H(z)=1+%(l—A2), (1.17)

rneH, =1-V.

B uudpooit peanuzanuu 3TH QUIBTPHl PACCUUTHIBAIOTCS B COOTBETCTBUU C OOIIMM
JITOPUTMOM, OIIMCAHHOM B paszeinie 1.3. ¢ UCronb30BaHUEM PaCUYETHBIX (POPMYIT, MPUBEICHHBIX
B 1abn. 1.3. Pacuer ko3¢ ¢unmenton ¢punptpoB Tuna BellShelf B pexxumax ycunenus (boost) u
ocnabnenus (cut) mpou3BOAUTCS O pasHbIM (opmynam. B atoit Tabnuiie

K =tan(Tilyf,/ f;).

Ta6n.1.3. Pacuer ¢umpTpo Tumna Bell

peak (boost Vo = 100/20)

fLy LS [r 3] b| f.l!

14+l K K? oy e K1y e gl K Y

1+ H+K® 1+§E.~:+R5 1+ [ 1+ %NH‘” 1+ KK
o oo e o =)

peak {out Vo = 1070730

g a1 LH [ bz
L g K+K? 205 -1 I—#FH-H’ WET_1 1- gL K 4#3
Pl KR 1 gyl Ko b2 Ll K+ R Tl K K2 Tr gl K+ K3
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Jns wumoctpanun Ha puc.l.22. npuBeneHsl paccuuTaHHbele rpadpukun AUX mudposoro
MOJIOCOBOTO (GUIBTpa ¢ MeHTpaibHON YacToToi 200 I’y ¢ MakCHMaIbHBIM TOBEMOM H CITAJIOM
Ha ueHTpansHoi yactote AUX Ha 6, 12 u 18 ab. Ilpu no6potHoctn ¢unbTpa, paBHoi 0,5

ob
0

0305

Ocinabenue

14 V=38
H Ycunenne

5 VE4

4 /_\-\-‘

-16

-a0
1 10 100 1-10 1-16* g

Puc.1.22. AUX mnosnocoBoro ¢uibTpa 2 nopsaka npu MakCUMaJIbHOM IoIbeMe (Craje)
ypoBHst AUX ot 6 o 12 nb

oF
“ryIg

16 0=0.5
12 0=1
j YcujieHue
-4 |Ocmabnetiie
-8
=1
-12 0
070.5

v

- 16

-20
1 10 100 1107 110 T

Puc.1.23. AUX nukoBOro mosjocoBoro (uiibTpa 2 mopsijika npu U3MEHEHUH JOOPOTHOCTH

noyioca mponyckanus (3anepkanusi) papHa 400 ['m. Ha puc.1.23. mpuBeneHbl pacCUMTaHHbBIC
rpapuku  AUYX wnumdpoBoro mnonocoBoro ¢uiabTpa C IeHTpa’dbHOM wactotoil 200 Iy ¢
MaKCUMaJIbHBIM TobeMoM U criagoM AUYX 18 ab npu nsmenenuun nodporaoctu guibrpa ot 0,5
1o 2.

[TukoBbIe MOJOCOBBIE (UIBTPHI TMPUMEHSIOTCS BO BCEX TIpaUUecKuX M, OCOOCHHO , B
nmapaMeTpuueckux © maparpaduueckux sSkBamaiizepax . Ha ux ocHoBe cTpositcss (GUIBTpPHI
npucyTcTBUs. OHUM UCTIONB3YIOTCS JUIS BBIACICHUS U MOAABICHUS OT/IEIbHBIX YacTOT.

1.4.4.®uabTp "npucyrcrus’

OWIBTP «IPUCYTCTBUSD HCIIONB3YETCSA B ayAMOTEXHUKE JUIS BbIICICHUS WIM MPUTITYIICHUS
OTAETBHOTO TO0JI0CA WJIM MY3BIKAJIFHOIO HMHCTPYMEHTa B OOIIEH 3BYKOBOW KapTHHE. OTO
PAacCMOTPEHHBI paHee IMMapaMeTPUYECKUH IMOJOCOBOM MPOMYCKAIOUIUK  (3arpakIarolimii)
¢GWIBTp C BO3MOXKHOCTBIO IMOJBEMa M CHajza MHUKOBOro 3HaueHuss AUYX OTHOCHUTEIBHOTO
HysneBoro ypoBHs 10 * 10 nb.

Taxoi GunbTp B pekrMe MPOITYCKaHHs MO3BOJIET JHOOUTHCS BIEUYATICHHS, YTO 3BYdYaIlIUl
WHCTPYMEHT (WJIM TIOFOIIMI COJIMCT) HAXOAUTCS B OJTHOM KOMHATE CO CIylaTeaeM. DTO CBS3aHO
C TEM, YTO OIIyLIeHHE OIU30CTH (IIPUCYTCTBUS) UCTOYHMKA 3BYKA CBSI3aHO C IpeoliagaHueM B
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CIIEKTPE 3BYKOBOI'O CHTHaja 4acToT OT 3 A0 5 kI, COOTBETCTBYIOIIMX MIUIAIMIMM 3ByKam
(cubunsaram). IlosTomy — BKIIOUeHHE «(PUIBTpa MPHUCYTCTBUS) M3MEHSET Kaxylleecs
paccTosHUE 10 UICTOYHHKA 3BYKa.

K npumepy, namuume ¢unbrpa "HpUCyTCTBUA" B KaHaje YCWIEHHMS  CHTHaja OT
AJIEKTPOTUTAPBI IOMOTAET CAEaTh ee 3BydyaHue 0ojee IPKUM M 3aMETHBIM Ha (pOHE OCTalbHBIX

+25

dB 0

-25

20 40 20 B0 F:0 B40 12k 2Bk Bl 10k 20k

Puc.1.24. AUX tpakTa ¢ iByMs QpUIbTpamMu MPUCYTCTBUS Ha gacToTax | m 5 k[’

MHCTPYMEHTOB. D(PQPEKT NpUCYTCTBHS BO3HUKaeT yxke npu mnogbeme AUYX nHa 5...10 nb.
entpanpHas yactora GuibTpa MoxeT ObITh 0,8; 1,4; 2,0 st my>kckux ronocoB u 2,8; 4,0; 5,6
kl'n — nmna keHckux. B kadectBe mpumepa, Ha puc.l.24. npusBeneHa AYUYX tpakra c 2
¢GuIbTpaMu NPUCYTCTBUS — OJIMH MOJAABIIAET HA 5 b My»KCKOM rojioc, a BTOpOi — MOBBIILIAET Ha
10 1b ypoBeHp 3xeHCKOro rosoca.

XO0poII0 MOCTaBIEHHBI T0OJOC OTIMYAETCA OT OOBIYHOI'O HAJIMYMEM SIBHO BBIPAKEHHOMN
BEpXHEH neBueckoi GopMaHThl, KOTopas HaxoauTcs B obmactu 3200 I' ans xKeHcKoro rosnoca
u 2800 I'm mnst my»)ckoro rojoca. [logHrMas 4acTOTHYIO XapakTEPUCTHKY B 3TOM JTUAIa30HE
2...4 xI'u, MOXHO JOOUTHCS, YTO HEJOCTATOUHO ITOCTABICHHBIN r0OJI0C WM IOJ0C, OCIa0IEHHBIN
BO3pacTHbIMU (akTopaMu, OyIeT 3BydaTh Oojiee COYHO U ApKo. OJHOBPEMEHHO, BCIEJICTBUE
npeononieHust 3¢¢exkra MackupoBkn BY  cocraBmsromumx CYLIECTBEHHO  YJIy4IIAEeTCs
APTUKYJISILMS PEUH.

Wnorpa, «3dpdext Ommu30cTH», MPUCYLIUH, B YAaCTHOCTH, HANpPaBJIEHHBIM MHKpPOQOHaM,
SIBJIAETCSl HEXKEIATEIbHbIM SIBJICHHEM. Y MEHBIIUTH 3TOT 3PPEKT MOXKHO C MOMOIIBIO TOTO K€
camMoro (puiabTpa «IpUCYTCTBUS». JlJIs1 3TOrO peryasTop ypoBHs YCHUIICHHUS Ha €ro LEHTPaJIbHON
4acTOTe CJIeJyeT YCTaHOBUTh B IIOJIOKEHHME, COOTBETCTBYIOIEE TpeOyeMol CTerneHu
ocnalneHus.

1.5. Iln¢pposbie 3kBaNal3epbl
1.5.1.I'pa¢nueckue IxBanaiizepbl

I'paduueckuii skBanaiizep - 3T0  HaOOp MOJOCOBBIX (QHUIBTPOB € (UKCUPOBAHHBIMU
LEHTPaJIbHBIMU YacTOTaMH U KO3(PPUIMEHTOM YCUJICHUS, KOTOPHIM MOXXHO YIPaBJISTh NpU
MIOMOILIM MOJI3YHKA MJIH ero rpaduyeckoro n3o0paxkeHus: Ha Juciuiee. B kauecTBe perynsitopoB
MIPUHSTO UCIOJIb30BaTh UMEHHO MOJI3YHKH, TaK KaK MOJOXKEHHE UX pydYeK MpeAcTaBisieT coOoi
HeKoe mnojobue cozmaBaeMoil skBanaiizepoM AUX. IlosTomMy Takue 3KBajaii3epbl MPUHATO
Ha3pIBaTh 'rpa@uueckuMH" — TOJb30BaTENb, MOXHO CKa3aTh, PUCYET MOJI3yHKaMU
HeoOxonumyto emy kpuByro AUX (puc.1.25).

LenTpanpHoe MNOJIOKEHUE pYy4YEK PEryJasiTOpoB ypoBHeW coorBercTByeT 0 nb, mostomy
IIOJIHBIM Mana3oH PEryJMpPOBKU SKBajai3epa ONPEIENsIeTCs] MaKCUMAJIbHBIM OTKJIOHEHUEM
PYUYKH OT ATOTO TOJIOKEHUSI BBEPX WM BHU3. DTOT AMANa30H MOXET ObITh OT £12 mo0 + 24 nb.
JU1g TOUYHOM HACTPOMKM SKBajlali3epa MHOIZA MIPENYCMATPUBAETCSI BOZMOKHOCTh YMEHBIICHMUS
Jyana3oHa perynupoBaHus A0 + 6 b, 4To ynoOHO MpH HACTPOMKE BbICOKOKAYECTBEHHBIX
3BYKOBBIX TPAaKTOB.
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YacToTel, Ha KOTOPBIX OCYILIECTBISETCS PEryJupoBaHHEe B TpaduueckoM »3KBajiaisepe,
BBIOMPAIOTCST B COOTBETCTBUH C PEKOMEHIAIMSIMH MEXTYHAPOIHBIX cTaHIapToB. OHU JTOIKHBI
NEepeKpbIBaTh BECh 3BYKOBOM JMAMa30H M OTCTOATH APYr OT Ipyra Ha HEKOTOPBIN MOCTOSHHBIH
MHTEPBaJl B OKTAaBHOM M3MEPEHUU. DTOT UHTEPBAJI MOXKET OBbITh paBeH OT 1/6 /10 11e510i1 OKTaBhlI,
U, cJeloBaTelbHO, 4YHCIO (UIBTPOB B dKBanaiizepe MoxkeT ObITh OoT 10 mo 60 . HambGonee

sonicfoundry | Graphic EQ
Gair: 240de8 47dB  16dB -0EdE -EdE  -19dEB -0dB  16dE  47dE  1304dE 0.0dB
[-Inf. to 24 dB) |:| - - - [:I
Center [Hz): 28 BE 13 226 450 400 1.3k 3.6k 1.2k 15k Output gain
. - - - [-60 to 20 dB]
Ancuracy: IMechum [great for mid and high bands) j Reset
Envelope 10 Band 20 Band CPU % [24-bit proceszing)

Puc.1.25. InanoroBoe okHo uraruHa rpaduyaeckoro 10 (20) - momocHoro KBamnaiizepa penakropa Sound Forge

yI0OHBIMU U (HYHKIIMOHATBHBIMU SIBIISIFOTCS 1/3—0KkTaBHBIE 31 MoNOCHBIE 3KBanaiizepbl. B aToM
ciydae 4acToThl (PMIBTPOB MOTYT UMETh cienytomue 3navenus: 20 ', 25 ', 31.5 T'n, 40 T,
63 T', 80 'y, 100 I'm, 125 T, 160 I, 200 I, 250 T, 315 T, 400 T'o, 500 T'o, 630 ', 800
I'm, 1000 I'n & 1.1

o Al I | A
+15 | - e
+1% ) [ —
i I I

o Ly § i
> 2_ NN I
] =iam -

5 e o

Prc.1.26. AUX monocoBEIX GHIBTPOB IpaUIecKoro dKBajaizepa

AYX kaxporo ¢mwibTpa rpauyeckoro sKpanaiizepa B JIOrapu@MUYEcKOl IIKaje 4acToT
UMEET CHMMETPHUYHYIO KOJIOKOJ 00pasHylo (opMmy, a mojioca MPONyCKaHHUS B OKTaBHOM
U3MEPEeHUN y BceX (QMIBTPOB OJMHAKOBas M ONM3Ka K YaCTOTHOMY MHTEpBAlly MEXIy HUMHU
(puc.1.26). Ona mogdmpaeTcs TakoH, YTOOBI TPH HYJICBOM yYPOBHE YCHIICHHUS BCEX (MIBTPOB
AUX »skBanaiizepa Obuta poBHO# Ha ypoBHe 0 nb. Kak crnenctBue, moOpoTHOCTH (QHUILTPOB
rpaduyeckoro sKBanai3epa JOJKHBI OBITh pa3HblE, BO3MOXKHOCTb WX PErYJIHMPOBKH HE
IIpelyCMaTpUBAETCSl.

I'paduueckue sKkBanaif3epbl OCOOCHHO TMOAXOIAT JUIS KOMIICHCAIIMH aKyCTHYECKHX
PE30HAHCOB IMOMEILEHUS WIM 3aja Ul NPOCIyIIUBAaHUA. AKYCTHUECKHE CUCTEMBI, JArOIINE
wiockyto AUX B 0e33X0BOH Kamepe, B IPYTUX YCIOBHSIX MOTYT 3By4aThb COBCEM IIO-HHOMY.
I'paduueckue sKBanai3epsl MO3BOJSIOT YIYYIIUTh MX 3By4aHHE B TakuX ciydasx. OJHaKo,
SKBAJIAW3€p HE B COCTOSHHUM UCIPABUTH JTMHAMHUYECKHE XaPAKTEPUCTUKU OT3BYKAa IOMEIIECHUS,
KOTOpbIE YXY/IIIAl0TCs BCIEACTBHE peBepOepalnu, YTo HeU30€XKHO «pa3Ma3biBaeT» 3BYK.

B cuny cBoeli OTHOCUTENBHOM 1O0POrOBU3HBI U Maol THOKOCTH, rpaguuecKue dKBajlaii3epsl
pelKO MPUMEHSIOTCA Ui 00pabOTKU 3BYYaHUIl OTAEIbHBIX MY3bIKaJIbHBIX MHCTPYMEHTOB. Kak
NPaBUJIO, TpauUuecKue dKBaslaii3epbl MPUMEHSIOTCS Ui 00pabOTKHM BBHIXOJHOTO CHUTHAJA, a HE
IPYIIOBBIX U, TeM OoJiee, MHAUBUAYAIbHBIX 3BYKOBBIX CUTHAJIOB. IIpu cBeJjeHHN U MacTepuHre
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IpUMEeHeHHe rpauueckoro sKBaiaizepa npecieayeT 1elb MPOsSBICHUs HIOAHCOB 3ByYaHUs TeX
WM MHBIX MHCTpyYMeHTOB. Hanpumep, ycunenue dactor Huxke 70 I'm Hacelmaer, yCUIMBaeT u
N00aBIIsIeT TyCTOTHI B 3BYKOBYIO KapTuHy. Eciu sxe ycmnuTh auana3on yactot ot 180 I'y mo 250
I'n, To mosiBuTCS ryn. UenoBeyeckuil rojoc CTAaHET pe3de, €ClI YCUIIMBATh AHANa30H 4acTOT OT
1000 I'm o 4000I'u. MuTencusubie 3000-6000 't nenaroT 3BYyK PE3KUM U MPOH3UTEIBHBIM.
VYcunenue 4aCTOTHOTO JWarna3oHa 3ByYaHHs X3Ta, nuMOan u kKoiokoiabuukoB (8000-20000 I')
IIPUJIAET 3BYKOBOM KapTUHE OCTPOTY U KOJIKOCTb.

1.5.2.1TapameTpuyeckue IKBaJan3epol

B ommume ot rpadguueckoro skBaniaiizepa MOJNHBIA napamempuueckuti dKeananzep Coaep-
XHT Bcero ot 1 110 3...7 nepecmpausaemvix puivmpos, NEHTpaIbHAS YaCTOTa KOTOPBIX MOXKET
yCTaHaBJIMBAThCS B JIFOOOM YYacTKE BCEro 3BYKOBOIO Jauamna3oHa. Tum ¢uiabTpa MeHsercs ¢
MOMOMUIBIO MEPEKITIYaTeNsl. ITO MOKET OBITh IIMPOKOIOJIOCHBIN MPOIMYCKAIOMUN (QUIBTP THUIA
Bell (band-pass), y3komomnocHblii (pe3oHaropHbiii) ¢unbTp (band-boost), y3KOMOIOCHBIN
sarpaxaarommii Guietp (band-notch), ¢unbTper mnaBHoro moasema u crnaga AUX tuma shelf
(hi-shelf, low-shelf) . Yacto umeercss BO3MOKHOCTh BKIIIOYaTh 0Ope3HbIe (DUIBTPHI HUZKUX U
BbIcOKHX "acToT (hi-cut, low-cut). B mapameTpuueckux skBanaiizepax yCWieHHE (QUIBTPOB

HouneHuwe

4
WnpokananooH oe

YOMIMEHNE ™

Denabnedwe

-

HacTota

Puc.1.27. Bosmoxxusie popmbl AUX napameTprieckoro sKBaiaizepa

MO>KET MEHAThCS B npenenax +25...-60 nb, mmprHy nonockl NpormycKkaHus yCTaHaBIUBAETCS
or 0,01 mo 3 okTaB, B HEKOTOPBIX MOJENSAX HKBAJIAW3EPOB BMECTO IOJIOCHI MPOMYCKaHUS
3a/1aeTcsi TOOPOTHOCTh MOJOCOBOTO (pruibTpa. 3HaUEHUE JOOPOTHOCTH MOXKET nocturath 650.
Bce 3To mo3BOSeT OCYIIECTBIATH Ha MapaMEeTPpUUYECKOM dKBajaiizepe Oojiee TOUHBIE KOPpEK-
ik, 4YeM Ha TpaduueckoM. Ha puc.1.27 mnpuBeneHsl HeCKONbKO BapuaHToB AUYX
OJTHOTIOJIOCHOTO MTapaMeTPUIECKOro dKBaan3epa.

B cpaBHeHuu ¢ rpaduyeckiMu SKBajaiizepaMu, napaMeTpUIecKre CO3/1atl0T MEHbIIE IITyMOB
Y UCKaXXEHHM, HO YCTYMalOT UM B HAIIATHOCTU HACTPONKU. UTOOBI HAYYUTHCA C HUMU pabOTaTh,
TpeOyeTcs omnpeneraeHHoe Bpems. [l pa3sHbIX MCXOJHBIX 3BYKOB JIOJDKHA IMOJOMPAThCS CBOS
mMpuHa nonockl ¢unbTpa. Hampumep, mpu 3amucu 3JeKTPOrHTaphl MpU MOMOIIM MHUKpOodoHa
MOKET UMEThCS NPU3BYK, BbI3BAaHHBIM PE30HAHCOM NOMelIeHHs (ckaxeM, Ha yactote 500 I'm).
Jlns ycTpaHeHHs] 3TOro MPHU3BYKa HAAO BbIOpaTh 3HaueHue (Q TakuM, 4TOOBI ociabieHue
KacaJoch TOJBKO 4acTOT, Haxoxasmuxcs ommsko k 500 I'm. Ho korzma Hazmo caenate ycuiieHue
BCEX CPEJHMX YacTOT B LI€JIOM, TO HIMPUHA MOJIOCHI TOJKHA OBITH IOCTATOYHO OOJBIIOH.
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sonicfoundry | Parametric EQ About ?

0.0de -60.0 dB Filter style: IBand-nu:ut-:h.-"I:u:u:ust
Center frequency [20 to 22 050 Hz):

[
a0
[] Band width [0.7 to 5 oct):
—{] [10
-
Qutpuk gain AmoLint

[E0to 20dB] (60 to 20 dB)

AECuracy: IMedium [great for mid and high frequencies) j

Parametnc EQ ,.-“{ CPU % [24-bit procezsing]

Puc. 1.28. JInanoroBoe OKHO IUIariMHa MapaMeTpuIeckoro 3kpaiansepa pegakropa Sound Forge

HpI/I HaJIMYHUKU HCKOTOPOTO OIbITa MOKHO TOYHO YCTAaHABJIMWBATHL 3HAYCHHUA IIapaMCTPOB
JKBajlaif3epa TakMM OOpa3oM, YTOOBI MOJYEPKHYTH 3BYK OTICIBHOTO MY3BIKAJIBHOTO
WHCTPYMEHTA WJIH TOJIOCA, a TAK)KE U YAATUTh HeXeNaTeabHyto momexy (Hampumep, o 50 I
WIM YacTOTy pPEe30HaHCa KOMHATBhI) ¢ MHHUMAaJbHBIM BO3/CHCTBHEM Ha OCTAIbHBIC 3JICMEHTHI
3ByKoBOHW KapTHHHI (prc.1.28). Cetp (muTanue) cozgaer GoH Ha gacrorax 50, 100, 150 I'u. dus
ycTpaHeHusi 3Toro Hajao yopate wactoTel 50 m 100 ['m mpm momomm mapaMeTpuyecKoro
9KBaJaii3epa, MUpHUHA MOJIOCH KOTOPOTO JOKHA OBITH YCTAHOBIICHA JOCTATOYHO Y3KOH.

1.5.3.Ilaparpajduueckue 3KBaJaiizepbl

Iapacpaguueckuti  skeanavizep  BoOpam B cebs  (GyHKIUM  rpaduyeckoro u
MapaMeTpUUecKOro SKBajiaii3epoB. Y HETO YHCIO MOJIOCOBBIX MUKOBBIX (PUIBTPOB OBIBAaET OT 3
710 6, HO HEHTpaJbHas YacToTa (WIBTPOB MOXKET 3a/aBaThCsi B JIIOOOW TOYKE 3BYKOBOTO

snnicfoundry' Paragraphic EQ

I 0,0 de 28
dB 0
Diry out Wetou
[-Ef. bo 25 [_zau 25 dB] 20 40 a0 160 az0 E40 1.2k 2Bk Bl 10k 20k
Gain [-25 to 25 dB]: -25.0dB 10,0 dB 156 dB 25.0 dB
Width 1.0 oct 2.0 0oct 1.5 oct 2.5 oct

[0.3 to 2.5 oct.]: D '_D_ ,_D_
[50 El 1035 {5 000

Center frequency : 1 . 1 .
[20 to 15,000 Hz): '-D [ | D_

Puc.1.29. JInanoroBoe okHO miarnHa 4-x moJIOCHOTO maparpadhuieckoro skBajaiizepa penakropa Sound Forge

nuamasoHa. Y Kaxaoro QuibTpa KodGOUIUEHT Mepelayd  peryjiupyerca B JOCTaTOYHO
OompmMx mpeaenax (Hampumep, g0 * 25 nab), a mmpHHA TOJOCHI MIPOITyCKaHUs
ycraHaBnuBaercss B mpenenax orT 0,1 mo 3 okraB. ®opma AUX, 3amaBaemas duimbTpamu
JKBajlaii3epa, BU3YaJU3UPYETCA 4YacTO B OKHE IIJarMHa. B KadecTBe WLIIOCTpalMM — Ha
puc.1.29. mpuBeeHO OKHO TIUIaruHa 4-X TMOJIOCHOTO TMaparpaduyueckoro skBanaiizepa. B stom
9KBajlaifi3epe BBIXOJHOM CUTHal paBeH CyMME€ BXOJHOro curHaiga “dry out” M BBIXOJHOTO
CUTHAaJa HKBajansepa “wet out”.
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1.5.4.KpoccoBepsl

XOTsl KpOCCOBEPHI U HE SBIISIIOTCS SKBajlail3epaMu B HENOCPEACTBEHHOM 3HAYEHUU 3TOTO
CJIOBa, WX paboTa OCHOBaHA Ha TeX ke MpuUHIMIAX. Kak M3BECTHO, MPAKTUYECKH HEBO3MOXHO
CO3/1aTh TPOMKOTOBOPUTENH, KOTOPHII OJJMHAKOBO XOPOIIIO BOCIPOM3BOAUI OBl BCE THAMAa30HbI
JaCTOT - MW BBICOKHE, W CpPCIHUC, W HHU3KHUC. Ecan HCKYCCTBCHHO CY3UTb OHAIIA30H
BOCTIPOM3BOJAMMBIX TPOMKOTOBOPHUTEJIEM YaCTOT, TO 3a/la4a ero pa3paboTKu YIPOCTUTCS, OJTHAKO
JUTSI BOCTIPOM3BEACHHS 3ByKa BO BCEM CIIEKTpE MOTPEOYETCs YK€ HECKOJIBKO Pa3IMYHBIX THUIIOB
TPOMKOTOBOPUTETIEH.

MIMeHHO mO3TOMY MOYTH BCE MOHUTOPHI M aKyCTUYECKHE KOJIOHKU (BKJItOYasi OBITOBBIE)
COCTOSIT MUHUMYM U3 JIBYX TOJIOBOK TpoMKoroBoputeneil. Camasi GoNbIast U3 HUX CIYXKHUT JUIS
BOCIIPOMU3BCACHUSA HHU3KHUX YaCTOT, a cCaMasd MaJICHbKasd - 1JId BOCIIPOM3BCIACHHUA BBICOKHX.
WNuorna x HUM 100aBISIETCS U TPEThS TOJIOBKA - A7l BOCIPOU3BECHUS CpeqHUX 4acToT. OIHAKO
JUIS HOpMaJIbHOM paboOThl Ka)KJOW TOJOBKM TPOMKOTOBOPUTENS HEOOXOIMMO, YTOOBI Ha Hee
MOJABAINCh CUTHAJBI TOJIBKO B TOM JIMAlla30HE 4YacTOT, Ha KOTOPbIM OHa paccuutaHa. Jlis
pas3fiesieHusl IHUPOKOIOJIOCHOTO 3BYKOBOTO CHTHAaJla Ha HECKOJIBKO CyOIOJIOC € pa3InYHBIMU
4aCTOTaMHM Cpe3a U MPUMEHSIOTCS KPOCCOBEPBI.

Kpoccoeep - 53TO yCTpOHCTBO, KOTOpPOE pa3leNseT BXOJHOW CHTHAJI HAa HECKOJBKO

4aCTOTHBIX oJoc, COOTBETCTBYIOLINX YaCTOTHBIM XapaKTepUCTUKaM TOJIOBOK
on'q ¥ W L
PUNLTD DU nLTP DU NLTP
HY M BY
K Bac-romeke K ronoske CY K BY-ronoe ke

Puc.1.30. Cxema 3-x moI0CHOTO KpOCCOBEpBa

rpoMkorooputensi. OH COCTOMT W3 HECKOJbKUX  IOJIOCOBBIX (HIBTPOB (IO KOJUYECTBY
BBIXOJHBIX KaHAJIOB) C OOLIMM BXOJOM U OTAEJIbHBIMU BbIXOJaMH. TUnUyHasi cxema KpoccoBepa
nokasasna Ha puc.1.30.

llaccuenbviti Kpoccosep COCTOUT U3 TACCUBHBIX (WIBTPOB, KOTOpPbIE MOJKIIOYEHBI K
BBIXOJAM YCHJIUTENIEH MOIIHOCTH U Yepe3 HUX MOJAKTCS 3BYKOBBIE CUTHAJIBI HEIIOCPEACTBEHHO
Ha TOJIOBKU rpoMkoroBopureneil. Kaxxaplii maccuBHbI (QuiabTp BKIOYaeT B ce0si KaTyIIKU
MHAYKTUBHOCTH M KOHJeHcaTopbl. CONPOTUBIIEHUE I'OJOBOK I'POMKOIOBOpHUTENEH OT 2 10 16
Om, a Toku OosbliMe, MO3TOMY JUIsl  BBICOKOro KoddduuueHTa mnepeaayud (GUIbTPOB
HEO0X0MMO, YTOOBI ~ CONPOTUBJICHHWE KATYLIEK MHAYKTUBHOCTH OBUIO OUY€Hb Maylo. ITO
MIPUBOJUT K CUJIBHOMY YBEJIIMYEHHUIO UX rabdapUTOB, MAaCChl U CTOUMOCTH.

Axmuenvlli Kpoccoéep COCTOUT M3 AKTUBHBIX (MIBTPOB, HA OCHOBE TPAaH3UCTOPOB HIIU
MuKpocxeM. OHU BKJIIOYAIOTCA Ha BXOJaX YCHJIMTEIEH MOIIHOCTH, a TOJIOBKHU MOJKIHOYAOTCS
HEIIOCPEACTBEHHO K BBIXOJaM ycuiauTesned. I3-3a SBHBIX TEXHMYECKHX U  SKOHOMHYECKHX
[IPEUMYIIECTB, aKTUBHbBIE KPOCCOBEPHI IPUMEHSIOTCS OUEHB IIUPOKO.

1.5.5.1IpumeHeHne IKBaIaii3epoB

Tenepb, korga Mbel XOTs Obl B OOWIMX uepTax pa3o0paiuch C MNPUHLUUIOM pabOThI
SKBAJIAM3EPOB, JaBaWTe BHUMATEIbHEE PACCMOTPUM HMX NPUMEHEHHUE ISl KOPPEKIUU TemOpa
OTACNbHBIX HHCTPYMEHTOB M Troyioca. Kakum umeHHO 00pa3oM BIUS€T 4YacTOTHas
XapaKTepUCTUKa 3BYKOBOI'O CHUTHajla Ha ero Bocrpustue? [loueMy OqHM 4acTOTHI JENal0T 3BYK
yuie, a gpyrue ero "naukaror"? [Touemy Bokasl HHOTIa 3ByYUT TaKk HEpa30opunuBo?
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Yacmommulil cnekmp 4enogeuecko2o 2010ca MOKHO YCIOBHO pa3/ieliuTh Ha TPU JUAIa30Ha,
COTJIACHO BXOJSIIUM B HUX 3BYKam - B3PBIBHBIM, IVIACHBIM W IIUMALIMM. B3pbIBHBIE 3BYKH
nexxaT B auanazoHe or 125 I'm go 250 I'm m "oTBeuaror" 3a pa30OpUMBOCTH peud, TaK Kak
MMEHHO OHHU MO3BOJIAIOT HaM OIpPeNeInThb, KTO UMEHHO TOBOpUT. Ha 10110 riiacHbIX, KOTOpBIE
nexat B auanazone ot 350 'y go 2000 ['u, npuxoauTcss MakCUMalbHOE KOJIMYECTBO TOJI0COBOM
sHepruu. [unsume B quanazone ot 1500 I'np no 4000 'y HECYT cpaBHUTEIBRHO Majio YHEPTUH,
OJTHAKO OT HUX 3aBUCHUT YETKOCTh U pa300pPUUBOCTb PEUH.

Yacrotneiit auama3oH ot 63 I'm mo 500 I'm comepxut oxono 60% Bceir sHEpPTUM TOJ0CA,
OJTHAKO Ha €ro JOJI0 MPUXOJUTCS b 5% UH()OPMAITMOHHOTO HAMOJIHEHHs pedd. J(nanas3oH ot
500 I'm mo 1 xI'm comepkut okosno 35% wuHpopmanmu, a octanbHbie 60% WHOOPMAITMOHHOTO
HAIOJIHEHUS IPUXOATCA Ha oo "mmnsniero” nquanaszona ot 1 kI’ 1o 8 kI, koTopsIil HeceT
b 5% sHepruu.

YMeHbIlasi ypoBeHb CHUTHANa B 00JaCTH HU3KUX 4acTOT M "moaHuMas" auamnasoH 1.5 kI,
MBI MOEM IOBBICUTH CYOBEKTUBHO BOCIIPHHHUMAEMYIO YETKOCTb U Pa30OpPUMBOCTH PEUH WU
Bokasia. [logbem uyacToTHOM xapaktepuctuku B obiactu 100..250 I'my genmaer BOKad T'yJKUM H
"rpynasiM". TlogaBnenne yactor B auanazone 150..500 ['m mpuBOAMT K TOMY, YTO TOJIOC
HauMHaeT 3By4aTh "Kak B TpyOe", oTkpbiTo U mycTo. "[IpoBansl" oTnenbHbIX ydacTkoB AUX B
muanaszone 500..1000 ' genaroT rosoc xecTde, a moabeMbl B obnactu 1 k't u 3 k[ ' mpumaroT
BOKaJy MeTaJNIn4ecKuil "HOCOBOI" OTTEHOK. BrIpe3anue yqacTkoB B auanasone 2..5 k' nenaer
rojoc BSJbIM, O€3)KM3HEHHBIM M Hepa3z00opuuBbIM, a ycuieHue yactor 4..10 k[ mpuBomut x
MOSIBJIIEHUIO SIPKOCTH U "MCKPUCTOCTH".

Ilpu obpabomka eoxana skeanauizepom CielyeT YUUTHIBATh TNPUBEICHHYIO HIDKE pOJIb
Pa3IMYHBIX YYAaCTKOB 3BYKOBOT'O IMAIIa30HA U CBSI3U UX C YACTOTHOM KOPPEKLHUEN.

80 .. 125 'y - Co3pgaeT omynieHre MOITHOCTH B BOKaJIe HEKOTOPBIX BBIJAIOIINUXCST 0aCOBBIX
HCIIOJIHUTEIIEH.

160 .. 250 I'x - B3pbIBHBIE 3BYKH T0OJ0CA.

315 .. 500 I'ry - OTBeuaer 3a CyObEKTHBHO BOCIPUHIUMAaeMOe ""KauecTBO'" BOKaJa.

630 I'y .. 1 x['m - OTBevaer 3a €CTECTBEHHOCTh 3BydaHHsi rojioca. CIHIIKOM OOJBITION
mogbeM AUX B obmactu 315 I'm .. 1 k[l mpUBOIUT K HeecTeCTBEHHOMY 'TenedoHHOMY"
3BYYaHHIO.

1.25 .. 4 xI'n - /lnana3oH akueHTUpPOBaHUS Bokajia. BaxkeH ans pa300pyMBOCTH rojioca.
CnumkoM Oosblioi moaseM B obsactu 2.4 k'l MOXET NPUBECTH K MAaCKMPOBAHHUIO TaKHUX
3ByKoOB, kak "M", "B", "B". Cnummkom 60mb110#t moasem B obnactu 1..4 k['11 0OBIYHO BBI3BIBAET
y ayaUTOpPHM ONIyIIEHHE CIyXOBOM ycranocTu. IIpolie Bcero moayepkHyTh ToJOC, MOJTHSB B
HEM y4JacTok B o0act 3 kKI'I1 ¥ BBIpE3aB 3TOT K€ YYaCTOK B 3BYKE OCTaJIbHBIX HHCTPYMEHTOB.

5 .. 8 k['y - /Imanazon akuentupoBaHus. Becb mHTepBasn ot 1.25 no 8 kI’ oTBewaer 3a
YEeTKOCTb U pa300pUMBOCTh BOKAJIA.

5 .. 16 xI'n - Cnumkom Oosbmoi moabeM AYX B 3Toi 005aCTM MOXET MNPUBECTH K
HENPUATHOMY "TIECOYHOMY" 3BYYaHMIO.

YerkocTh W pa300pyMBOCTb 3ByKa OOJIBIIMHCTBA  M)3bIKAIbHLIX — UHCHIPYMEHNO8
OIPENENIAIOTCS COCTaBOM HMX TapMOHMK. YenoBeueckoe yXo 007amaeT CHOCOOHOCThIO
CaMOCTOSITENILHO "MOJICTABIATh" B 3BYK IJIOXO CJBIIIMMbBIE OCHOBHBIE YacTOTHI IPH YCIIOBUH,
YTO JJI1 3TOrO B BOCIIPUHUMAEMOM CHUTHAJIE €CTh IOCTATOYHOE KOJNYECTBO UX FAPMOHUK.

IIpu obpabomrke my3vlKu 2K6ananzepom Ppoib PA3IUYHBIX YUYACTKOB 3BYKOBOTO JMaIa3oHa U
CBSI3b X C YACTOTHOM KOppEKLUe HeCKOJIbKO MHasl, YeM MpH 00paboTke BOKaa.

31..50 I'q - OTH YyacTOTHI TPUAAIOT MY3bIKE OLIYIIIEHUE MOIIHOCTH U cWiibl. [Ipn u3numHem
MOJYEPKUBAHUM MOTYT CJIeNaTh 3BYK Hepa300p4YMBBIM U "CKYYHBIM'", a TakXke B psJie CIydyaeB
MOTYT MaCKHpOBaTh BHICOKOYAaCTOTHBIE TAPMOHUYECKHE COCTABIISIFOIINE CUTHATIA.

80 .. 125 T'u - ITogpem AUX B 3TOl 06macTu OOBIYHO HPUBOAUT K HEXKEJIATETHHOMY
"ryieHnro" 3ByKa.

160 .. 250 I'y - D10 Haumbosiee CIOXKHBIM y4acTOK 3BYKOBOTO jauamna3oHa. C HUM CBSI3aHO
3HaYUTENbHOE KOJINYECTBO MpobsieM U HesicHocTel. C OHON CTOPOHBI, CIIMIIIKOM MHOIO 3ByKa B
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3TON 00JacTH C/eNaeT Ball MUKC CKYy4YHBIM, a C JAPYrod - BBIPE3aHUE ATHUX YAaCTOT OTHUMET Y
3BYKa TEIJIOTY U MTKOCTh. Kpome TOro, MIMEHHO 3[1€Ch HaXOJSTCSl OCHOBHBIE COCTaBJISIOLINE
3ByKa 0AaCOBBIX HHCTPYMEHTOB - Oac-TUTaphl M yIapHbIX.

300 .. 500 I'ry - OcHoBHBIE (pyHIAaMEHTANIBHBIE) YACTOTHI CTPYHHBIX U MEPKYCCHHU.

400 I'y .. 1 xI'n - OcHOBHBIE YAaCTOTBHI ¥ TAPMOHUKH CTPYHHBIX, KJIABUIIHBIX U MEPKYCCHH.
Orta obnacth Hambojee BakHA C TOYKM 3PEHUS "€CTECTBEHHOCTH" 3By4YaHUS] KOMIIO3UIMH.
"T'onoc" mpakTUUecku J000ro MHCTPYMEHTA JISKUT B 0ONAcTHU CpedHHMX yacToT. Cienute 3a
TeM, 9TOOBI HE TepeycepaCcTBOBaTh ¢ moabeMoM AUX B 3Toi 007aCTH, TaK KakK MPU ATOM 3BYK
MOJKET CTaTh HEECTECTBEHHBIM.

800 I'm .. 4 xI'n - OrOT AMama3soH XOpoW Uil aKUEHTHPOBAHUS W NPHUJIAHHS TEIIOTHI
3BYYaHHUIO OTJEJIbHBIX MHCTPYMEHTOB. CIHMIIKOM OOJIBIIOE KOJIMYECTBO 3ByKa B 3TOH 001acTH
MOJKET JIETKO BBI3BaTh Yy CIIyLIATENEeH aKyCTUYECKOE YTOMIIEHHUE, a M30bITOUHbIN moaseM AUX B
obmactu 1 wmmm 2 k[l ckopee Bcero npuBEAET K HEECTECTBEHHO TOHKOMY 3BYYaHHUIO
MHCTPYMEHTOB.

4 kI'n .. 10 xI'n - O6nacTh akLEHTUPOBAHUS MepKyccuu, "xene3a” u manoro ("padouero")
Oapabana. PerynupoBanuem AUX B obmactu 5 kI'11 MOskHO 100UTHCS "puOkenust/yianeHus"
1 "pa3MBITHS/KOHIEHTPUPOBAHUA" 3BYKOBOTO CUT'HAJIA.

8 k' .. 20 kI'u - Dta 0651aCTH BO MHOIOM OTBETCTBEHHA 32 CYObEKTUBHO BOCIIPUHUMAEMOE
"kayecTBO" 3ByuaHHs (oHorpammsbl. IlpaBunbHas HacTpoiika AUX B 3Toil oGiacTu AOJKHA
MpHIaBaTh KOMIIO3HMIIMM OIIyIeHHWe TIyOMHBI W mpocTpaHcTBa. CIMIIKOM MHOTO 3ByKa B
00JIaCTH BBICOKHX YacTOT JEJIAeT 3By4aHUE HEECTECTBEHHO TOHKUM U "MECOYHbIM".

DKBayaii3ep - He maHaues, a CPeACTBO KOppPEeKIMU 3BydaHus. OH MOXKET yJajduTh JIUIIHEE,
HO C €ro MOMOIIBIO KpaifHe CJI0KHO JOOaBUThH B 3By4aHHE TO, YETO TaM HUKOTAA HE OBLIO.

['maBa 2. Jlunamudeckasi o00paboTKa 3ByKOBBIX CUTHAJIOB
2.1. BBenenue

Junamuueckas oOpaboTka IMpelHa3HaYeHa JJsl COKpalleHHUs] JWHAMUYECKOro Iuarna3oHa
3BYKOBBIX CHTHAQJIOB. 3BYKOBBIC CHUTHAJbl B PAJMOBEINAHUM, TEJICBHICHHUM M 3BYKO3aIHUCH
BCerJa IMOABEPTarOTCs TakoW oOpabOTKe, HE3aBHUCHUMO aHAJIOTOBBIE OHM WM IU(POBBIE. DTO
CBSI3aHO C TE€M, YTO YacTO AMHAMHUYECKUI IUana3oH MPUPOAHBIX 3BYKOB, 3BYKOB MY3bIKH U PEUH
3HAYUTENbHO IIHMpE AMHAMHUYECKOTO AHAara3oHa 3JEKTPOAKyCTHUECKUX TPAKTOB COBPEMEHHOMN
anmaparypsl. Eciu He HCronb30BaTh AMHAMHUYECKYI0O 0OpaOOTKy M TepeiaBaTh IMOJHOCTHIO
HaTypaJbHBIH TUHAMHUYECKHi auamna3zoH opkectpa (70...80 nb), To yToOBI HE MemanIu NTyMbI
MOMEIIIEHUS, YPOBEHb CHUTHAJIa MMMAaHUCCUMO JODKeH ObiTh He Hike 40 nb SPL. ®oprtuccumo
MIPU 3TOM OYJET JAOCTUTAThCSA MPH ypoBHE 3ByKoBoro AamieHus 120 nb SPL, yro Gmm3ko k
00J1€BOMY TIOPOTY.

Junamuueckas o00paOoTka 3BYKOBBIX CHUTHAJOB IIO3BOJISIET  CIyIIaTh paguo U
TEJIEBU3MOHHBIE NEepeaun co 3ByKOBBIM JaBieHueM He Boime 100 n1b SPL B 0OBIYHBIX JKMIIBIX
MMOMENICHUSAX, B KOTOPBIX OOBIYHO ypoBeHh miyma He MeHee 40...50 SPL u, maxe B
aBTOMOOWJISIX, I/I€ YPOBEHB IIyMa 3HAYUTEIbHO Oonblie. be3 Takoil 00pabOTKM MpU HMHKOBOM
3BykoBOM gaBiiennn  He Bbime 80 nb SPL (kak B Tearpe) 3Byko3amucu MOKHO OBLIO OBl
CIIylIaTh TOJBKO B IOJIHOW THILIMHE, 3aKPBIB OKHA M BEPU, MHAYE JIOOOH MOCTOPOHHUN HIyM
3arIyIIUT TUXHE MecTa (OHOIPAMMBI.
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JluHamudeckass 00paboTKa 3BYKOBBIX CHUI'HAJIOB NPOU3BOAUTHECS C MOMOIIBIO JUMUMEPOS,
Maxkcumauzepos, KOMNpeccopos, 3KCNaHOepos U 2elmos. ITO BCe MOPOroBbIe YCTPONCTBA, B
KOTOPBIX IMpPU JOCTH)KEHHM CUTHAla YCTAHOBJICHHOTO YPOBHS MX  KOX(QQHUIMEHT nepenadu
MEHSIEeTCSl CKaYKOM. TakuM crocoOOM MOXHO KakK C)KaTh, TaK U PACIIUPUTh TUHAMUYECKHM
JMana3oH curHaia. B cucremax nepefaun 3BYKOBBIX CHUTHAJIOB IO JIMHMSIM CBSI3M COKpAIllEHHE
u oOpaTHOE paclIUpeHHe JMHAMHUYECKOro Juana3oHa IPOU3BOIUTCS C TIOMOIIbIO
KOMIIaHIEpHOW CUCTEMBI KoMIIpeccupoBaHus. Ha BXoJie TMHUM yCTaHABIMBAETCS KOMIIPECCOP,
a Ha BBIXOJI€ — KCIIaHJEP, TOATOMY B TaKOM CUCTEME CUTHal KOMIIPECCUPOBAH TOJIBKO B JIMHHUU
cBs3u. Ha3Banust nmpubopoB Takue e, Kak U IpU TUHAMUYECKOH 00paboTKe, HO MPUHIMIT UX
paboThI COBEPIICHHO WHOM, Ha 3TO HY>KHO 0OpaTUTh BHUMaHUE.

2.2, JInHaMu4YecKHii AUANA30H CUTHAJIOB H TPAKTOB

UenoBek CHBIINAT 3BYK B YPE3BBIYANHO IIMPOKOM JUANA30HE 3BYKOBBIX JABJICHUM. DTOT
JMana3oH MPOCTUPAETCSl 0T aOCOJIIOTHOIO MOpora CIBIIIUMOCTH 10 OosneBoro mopora 140 nb

140 —
>< Boneso# l'lopor\
IV e R T D B EEE

Bonegoii nopor|ng MW““W [OTEPH ClIyXa
100 /\/
My3bika

]
Peun
40 \\/
0 ADeoHOTHBHI HOPOT
JBIITEMOCTHY

0.1 n.l
YacToTa TOHANBHBIX 3BYKOB, KI I

iny

BXAIND HOSEITERT L0 shHWEHH

VpoBe HE sEYROEOTO gasnemw s, Lf), dB SFL

—
—
=

Puc. 2.1. O6macTu CIBIIIUMOCTH CITyXa

SPL oTHOCHUTENBHO HYJIEBOIO YpOBHS, 3a KOTOphIi npuHsaTo aasienue 0,00002 ITa (puc.2.1.).
30Ha puCKa HA 3TOM pHUCYHKEe 0003HayaeT 0OJIacTh 3BYKOBBIX JaBJICHUN, KOTOpHIE MpHU
JUIUTEIbHOM BO3JIEHCTBUU MOTYT IPHUBECTHU K IOJIHOM moTepu ciyxa. boieBoi mopor mms
TOHAJIBHBIX 3BYKOB 3aBHCHUT OT YacCTOTHI, IJi 3BYKOB C MPOU3BOJBHBIM CHEKTPOM 3a OOJIEeBOA
MOpOT NPUHAT ypoBeHb AasneHus 120 nb SPL.

B TummHe 4yBCTBUTENBHOCTH CIyXa YENIOBEKa MOBBIMIACTCS, a B aTMocdepe TpOMKHX
3BYKOB — IIOHI)KAETCS, CIyX QJalTHPYeTCs K OKpY)KaloIled 3BYKOBOW cpefe, MOITOMY
OuHamudeckull Ouanazon cayxa He Takoil 6onpumoi — okoio 70..80 nb. Csepxy oH orpaHuueH
nasnenueM 100 ab SPL, a causy mymom ¢ ypoBHeM -30...35 n1b SPL. Dtor aunamuveckuit
IMama3oH MOXKET cABUTAThbCs BBepX H BHU3 A0 20 ab. [[ns koMpOpPTHOTO BOCHPUATHS MY3BIKH
PEKOMEHTyeTCsl, YTOOBI 3BYKOBOE JaBiieHue He npeBbimano 104 1b SPL B nomamHux ycioBusix
u 112 nb SPL, B cnenmanbHO 060pYAOBAHHBIX MOMEIIECHUSX.
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Hunamuueckuti ouanason My3vlKu ONpEAETseTcs OTHOIIEHWEM B Jenubenax camoro
TPOMKOTO 3ByKa ((hopTHCCMMO) U CAMOTO TUXOTO 3BYKa (MMaHUCCUMO). J{uHamuueckuti Ouanasom
cumehonuueckou my3viku coctaBisgeT 65...75 nb, a Ha KOHLEPTaX POK-MY3bIKH OH BO3pacTaeT
no 105 ngb, mpum 3TOM THKM 3BYKOBBIX JaBiieHH MoryTt nocturate 122...130 nb SPL.
JlnHaMUYeCKU AWana3oH BOKAIBHBIX UCIIONHUTENEH - He mpeBbimaet 35...45 nb (puc.2.1).

[ym  nomemeHUs: MacKUpyeT 3BYK M OTUM YyMEHbIIAeT JUHAMHYECKUH JHMama3oH.
BnusiHueM 1rymMa MOXHO TOJIHOCTBIO MpeHeOpeub, eciau ero yposeHb Ha 10...20 1b SPL Hmxe
MUHUMAJIBHOTO YpPOBHSI MY3BIKQJIbHBIX 3BYKOB. B CTynusix 3BYKO3allUCH ypOBEHb IIymMa HeE
npesbimaet 20...30 1b SPL, HOublO B KBapTHUpax «THUXHX» JIOMOB 3TOT YpoBeHb paseH 40 nb

- ,00:01:26 ,00:01:28 T‘" 000222, 300 Q0:02:24, 000
J|IrF ] ] J|Ir_. |

60Mc | 70Mmc

:400Mc:

Puc.2.2. ®parmeHThl (JOHOTPAMM MY3BIKAIBHBIX OTPHIBKOB Pa3IMuHON JUITUTEIBHOCTH

SPL, nr060ii pasroBop yBenuuuBaeT ypoBeHb mryma a0 60ab SPL. MMenHO mosTtomy THXas
My3bIKa 4aCTO TOHET B IIyMax IOMEHIEHUS NPOCIYIIMBAHMS M HEBOJIBHO BO3HMKAET JKEJIAHUE
YBEIUYUTHh TPOMKOCTD.

My3bIKaJIbHBII U pPeueBOM CUTHAJbl MPEJCTABIAIOT COOOM MOCIEN0BATENILHOCTh OBICTPO
HapacTaoIMX 1 0oJiee MEAJICHHO 3aTyXaloIIUX 3BYKOBBIX UMITYJIbCOB (puc.2.2.). Takoil curnan

18 XapaKTEepPU3yeTCA CPeOHeK8AOpamui4eckum U NUKOBbIM
3HaYeHusMU YypoeHell, Pa3HOCTb 3TUX YPOBHEW HAa3bIBAETCS
15 nux-gpakmopom. IlpsimoyroynbHass BojHA (MEaHIp) HMEET

enuHUYHbIA nuk-¢pakrop 0 ab, muk-dakrop cuHycouabl

12 paBeH 3 nab. @oHOrpamMmbl MY3BIKAIBHBIX M PEYEBBIX
9 CUTHAJIOB UMeEIOT muk-¢paktop 1o 20 n1b u Gonee. Bpems

onpeodeieHus  NuK-gakmopa  CBS3aHO BpEMEHEM
6 MHTETPUPOBAHMS TIPU BBIUMCIIEHUH CPEAHEKBAIPATUUYECKOTO

3HAYEHUS CHTHAJA, 1 OOBIYHO, OHO paBHO 50 McC.
3 OMOIMOHAIBHYI0 MY3BIKY C IIMPOKUM JUHAMHYECKUM
JMana3oHoM M OOJIIIMM TMHK-(QaKTOPOM MOXKHO CIIyIIATh
0ab  TONBPKO Ha BBICOKOKAYECTBEHHOM JOPOrod amnmaparype ¢
XOpOLIMMH aKyCTMYECKUMU KoJIoHKamu. Ha nemeBbix
Puc. 2.3. TTuk-gaxrop CD nuckos [ieepax ¢ HAyNIHMKAMHU M B aBTOMOOMWJISAX H3-32 IIYMOB
JUHAMHYECKUN JIMala3oH COKpallaeTcsi U OHa 3BYYHUT
IIPOCTO OTBPATUTENbHO. ll03TOMY HIMpOKMM CHPOCOM TakMe 3allCH HE IOJB3YIOTCSA W,
HEU30€)KHO, C KaXIpIM TOAOM JMHAMHYECKHH JAMana3oH M NHK-QakTop (oHorpamm

1999
1985 1995  2000..2007
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Puc.2.4. ®onorpamma necuu “I'll Be There For You”

MpeHaMEPEHHO HU3rOTOBUTENsAMU yMmeHblnaercs (puc.2.3.). Ha coBpemennpix CD nuckax B

30



OOJIBLIIMHCTBE CIIyyaeB JWHAMHMYECKUM Tuamna3oH He mpesbimaer 20 nb, a nuk-¢gakrop- 4yTh
Oompiie 3 b, YTO BMOJHE JOCTATOYHO JJIS TaHIEBAIBHOW My3blku. Ha puc.2.4. mpuBeneHa
KapTUHKa COBPEMEHHON (POHOTpaMMBbI C KOMIIAKT JAMUCKA.

Hunamuyeckuii ouanazon Mukpogonog OrpenensieTcss Tak ke, Kak 3TO OObIUHO JieJaeTcs B
NIEKTPUYECKUX TpakTax. BepxHss TrpaHMIla OIrpaHUYMBAETCA JOIYCTUMOW BEJIWYMHOMN
HEJIMHEWHBIX HMCKOKEHWH, a HIDKHAS - YPOBHEM COOCTBEHHbIX IIyMoB. (CoOBpeMEHHbIE
CTyMiiHBIE MUKPO(OHBI IOMyCKalOT MaKCUMallbHOE 3ByKOBoe naBienue 125...145 nb SPL, npu
3TOM HEeJHMHEWHble UcKaxkeHus He mpesbimaoT 0,5% ... 3%. YpoBeHb COOCTBEHHBIX IIyMOB
MUKpoQoHOB coctaBisieT 15...20 nbA, auramuueckuii aumamason — oT 90 mo 112 abA, a
oTHoIeHue curHai/mym- ot 70 go 80 abA. OTu MHKPO(DOHBI ¢ 3allacoM MEPEKPHIBAIOT BECH
nuana3oH ciayxa denoseka or 120 nb SPL nmo ypoBus myma crymuu 20 nb SPL. B
COBPEMEHHBIX CTYIUAX 3alMCh MPOU3BOJUTCS C UCIOIb30BaHuEM 22 unu 24 pazpsaabix AL,
MHOT'JIa UCTIOJIb3YeTCs KBAaHTOBaHME C TUIABAIOIIEH 3alsATOM, OATOMY IPOOJIeM ¢ JMHAMUYECKUM
NMarna3oHoM He Bo3HMKaeT. CTOUT Takasl anmaparypa KpaiHe J0poro.

Hunamuueckuii ouanazon nmwobozo AL[Il ompenensieTcss Kak OTHOIICHUE B JermoOenax
MaKCHMaJbHOTO M MHHHMMAJBHOTO 3HAYEHMH YPOBHEW SJIEKTPUYECKHUX CHUTHAJIOB, KOTOpHIE
MO’KHO olM(ppoBaTh B MpUHIMIIE (TIepeiaTh CUTHAT C BXOJA Ha BBIXOA), O€3 BCAKUX YCI06UL
OMHOCUMENLHO B03MONCHBIX UCKAHCEHUU.

B ananoro-uu¢gpoBom mnpeoOpazoBatene smHeitHoro WMKM Tpakta MakcuManbHas
aMIUIUTY/Ia CHHYCOUJAIBHOTO CHMIHAJA OJHO3HAYHO ONpeeNseTcs marom KeantoBanus Qu
YKCJIOM pa3psioB KBaHTOBaTens ¢

A =0 @D

B takom AINIl mnoka amMIuIMTyna BXOJHOTO CHUTHajda HE IPEBBICUT IIOJIOBUHBI Iara
KBaHTOBAHUS - Ha BbIXOJIE€ CUTHAIA HET, IO3TOMY MOXHO CUUTaTh, YTO MUHHUMAJIbHOE 3HAUYECHUE
BXOJIHOTO CHTHAJIa PaBHO ITOJIOBUHE Il1ara KBAaHTOBAHMA U TOrAa JuHamMu4eckuil quana3zo” AL
OTIpE/IETISETCS] PABEHCTBOM

DR=6,0214 .

3naduenne SNR B UKM Tpakre paccunThIBaeTCs 4epe3 OTHOLIEHUE CPEIHEKBAAPATHYECKUX
3HAYEHUH CHHYCOMJIAIBHOTO KOJeOaHUsI MaKCUMaIbHO BO3MOXKHOM aMITUTYIbl U HMCKaXEHUH
KBaHTOBaHUs. Ero BeIYMCIEHUS IPOU3BOAATCS 110 M3BECTHOM (hopMmylie

o f L
SNR =6.02¢ +1,78 +10 [Dog T, (2.1)
max [

rae f- yacrora auckperusanuu, i,y - MakcuMabHas 4acToTa 3ByKOBOIO JuanaszoHa. Ilpu f§

= 44,1 kI'u u Fpox= 20 kl'u DR = 96 a6 u SNR = 98,5 nb. Kak BHIHO, OTHOLIEHHE
CUTHAJI/IIyM JHIIb Ha 2 nenubena Oojbllle JUHAMHUYECKOTO AMAana3oHa, Haao oOpaTuTh
BHUMAaHHE Ha TO, 4T0 BenuunHa SNR 3aBucHT eme oT 4actoT fg u Fiay , Toraa kak DR ot atux
IapaMeTpOB HE 3aBUCHUT.

Tem He MeHee, B OOJBIIMHCTBE TEXHUYECKMX IMyONMKALUMP JUHAMUYECKUH [TUana3oH
OTOXKJIECTBIISICTCS C OTHOIICHHEM CUTHAJI/TITyM. JTO MOATBEpkaaeTcs u crangaprom AES 17 [].
B stom cranmapre pexomenayercs u3MepsaTb SNR m DR npu momaue Ha Bxox ALIII
CHUHYCOMJIaJdbHOr0 curHaia ¢ yactrotod 997 I'm u ypoBHeM munyc 60 nb FS c¢ o6s3aTenbHbIM
ucnoas3oBanueM TPDF nuzepa. Ilpu atom pacyetHoe cootHomenue ainsg SNR n3-3a BHocUMOro
JOTIOJIHUTENBHOTO 1IIyMa MIPEAJIaracTCsl B BUJIE

O C
SNR = DR =6.02¢ —3,01+10 og #[. (2.2)
max

31



IIpu npexnux ycnoBusix DR = SNR = 93,7 nb, a He 96 nb, kak 3TO 4acTo BCTpedaeTcs B
TeXHHYEeCKOM mutTepatype. ClieioBaTeibHO, YMEHBIIAETCS W PACUYETHBIA JUHAMUYECKHI
JMarna3oH.

Bwmecto SNR wyacto ucnonb3yercs ero oOpaTHasi BeIMUMHA, ONPEEIIAoNas UHTETpalbHbIHI
YPOBEHB IlIyMa KBAHTOBAHHUS

L,=-SNR.

VYposenr myma muHyc 93,7 b — 3TO MHOro WM Mano. BakHO HAcCKOJIBKO 3TOT YPOBEHb
IIPEBBILIAET NOPOT CABIUMOCTU. C HCIIONB30BAaHUEM TEXHOJIOTMH AU3EPUHI IIYM KBAHTOBAHUS
CTAHOBUTCS OCJIBIM IITYMOM, ITOPOT CIBIIIMMOCTH KoToporo paBeH 4 n1b SPL []. DTo 3HayuT, 4To
pYU MaKCUMaJbHOM 3ByKoBOM aaBieHuu 120 nb SPL mrym kBantoBanus npu q = 16 6ur Oyzer
MPEBBIIATh TOPOT ciblmMMocTH  Ha 22,3 nb . Jlna Toro 4ytoOpl mym KBaHTOBaHUS ObLT HE
cipimer B ALl ¢ WUKM  Ttpebyercs

x(| | HCHOIB30BATH 20-pa3psigHOE KBAHTOBAHMUE.
0.144 dB [Tpu KBAaHTOBaHUH CUTHAJIOB
x||| MHHHMAaJIBLHOIO YPOBHS BO3HHUKAIOT

98.3958 % || rpomajHBle HMCKAXCHUS, IPCBBIIIAIONINC
100%, a wm3-3a gu3epuHra BHOCATCS LIYMBI,
[0 YypPOBHIO  BJBOE O0O0JIbIlIE OCHOBHOTO
curHaia. Ha pwc.2.5. mpuenena ¢dopma
Puc.2.5. Tlocrie10BaTebHOCTh BHIGOPOK Hckakennoii ~ CATHAIA, IiOTOpyIO npuodperaet
(hOpMBI CHHYCOUTATBHOTO CHTHAJIA CUHYCOHUOAJIbHBIKM CUTHAJI C YPOBHCM MHUHYC
93 nb FS na Beixone ALIIIL.

B cBsi3u ¢ 3TUM Ha MpakTUKE MPUXOAUTHCA PYKOBOJICTBOBATHCS peaibHbIM OUHAMUYECKUM
ouanazonom ALIL Ilpu onpeneneHun 3TOTO JUana3oHa HEOOXOIUMO YUHUTHIBATh: MHUK-(AKTOP
MY3bIKQJIbHBIX CUTHAJIOB, nocturaromuii 12...20 nb, HeoOX0AMMOCTh MOJHUMATH YPOBEHB
HIOKHEW TPaHUIBl JUHAMHYECKOTO JHMAra3oHa HaJ YPOBHEM IIlyMa KBAaHTOBAHHS XOTs Obl Ha
20 1b ¥ uMeTh JONOJIHUTENBbHBIA 3amac B BEPXHEH 4acTH JAMHAMUYECKOTO JUana3oHa OKOJIO
10...12 nb ans npenoTBpalieHysl ciay4yailHONW Neperpy3Ku.

B pesynwrare peanvuvii ounamuuecxuti ouanazon 3anucu 16-tu paspsaaoro ALIT UKM
TpakTa He npeBbimaer 48...54 nb. DToro gaxke OIM3KO HE XBaTaeT Ui XOPOIIEH CTYAMWHON
3Byko3anucu. [Ipu aBTOMaTuyeckoil peryaupoBKEe YpOBHEH, UYTO MMEET MECTO MpH 3allucu
KOMIIAKT-JAMUCKOB, 3TOT JHANa30H MOXET OBbITh pacmupeH a0 74 ab, TONBKO C 3aMETHBIM
YXyALIEHUEM KaueCcTBa 3ByKa CUTHAJIOB HU3KOT'O YPOBHSI.

3anac JUHAMUYECKOTO JHarna3oHa CBEpXYy MPEIOXpaHsSeT OT BO3MOXHOCTH MEperpys3KH,
KOTI'/la MMKOBbIE YPOBHHU IPEBBIIIAIOT OKKUJaeMoe 3HaueHue. [Ipu 3anvcu TaHIieBaIbHON MY3BIKH
BIIOJIHE JIOcTaTO4YHO 3amaca B 6 nb. Ilpm 3ammcm  cuMpoHMYECKOW MY3BIKM HHOTIA
npuxoauTecs uMerh 3amac g0 20...30 agb. 3amac  aMHAMUYECKOro  JMana3oHa CHU3Y
MPEIOTBpAIIAcT BOZMOKHOCTh TUXHX TAaCCa)KEH OKa3aThCs HIDKE YPOBHS IIyMa W, TeM Ooiee,
HUKE IOPOTra CIABIITMMOCTH

Jna pacwupenus ounamuueckozo ouanaszona ALl Ge3 yBenwueHHs yucia paspsioB H
YacTOThl JHUCKpPETH3alMu pa3paboTaHO MHOMXECTBO CHEIMAIbHBIX anroputMoB. Hampumep,
3allUCh B CTYJIUMU  OCYLIECTBJSETCS C Hclosib3oBaHueM 20 wim 24- pa3psaoB, a 3aTeM
uupoBbIe JAaHHBIE OKPYIUIAIOTCS 10 16 pa3psaoB ¢ MPUMEHEHHEM TEXHOJIOTMHA TU3EPUHT U
HOW3-ILIEUIIUHT.

[Ipy UCHONB30BAaHMH TEXHOJIOTUM  JIE3EPUHI, YCTPAHSAETCS IOPOr  KBAaHTOBAHMS,
TUHeapu3yeTcsl mepenaToyHas (YHKIUS MPU  MalbIX YPOBHSX CHUTHAJIOB, MOTPEIIHOCTU
KBaHTOBaHUSl MpeoOpa3yloTcs B Oeblid IIyM € PaBHOMEPHOW CIHEKTPAIbHON IUIOTHOCTHIO.
bnarogaps sToMy 1MHaMUYeCKUI 1Mana3oH pacuupsercs BHU3 Ha 25 u nocruraer 118 nb [].

Ou3nyeckoil OCHOBOM  Takoro (heHomeHa SBISETCS CIOCOOHOCTH YEIOBEKA CIIBIIIATH
TOHAJIBHBIA 3BYK, MACKUPYeMblll OelblM ulyMOM, KOTJa YPOBEHb WHTEHCUBHOCTH TOHA MEHBIIIE
YPOBHSL MOIIHOCTH IIyMa. JTO CBSI3aHO C TEM, YTO MACKUPOBKA MOHA HPOUCXOOUM 8

166uT,1000 I'n, 93 16 +TPDF dither

32



KpUmuyeckou noioce ciyxda, B KOTOPOW HAaXOIHUTCS MacCKUpyeMblil TOH, mpasna 3(p¢exT He
Tako# OO0JIBILOHM, KaK O HEM IHIIYT.
VYposenv mowmocmu 6Oenoco uiyma B KpUTHUECKUX MOJIOCAX ONPENEISIETCS paBEHCTBOM

Lmn (f) = L(f)sdn +10 log(chw) )
rae  W.p,, - LIMpUHA KPUTHYECKOM MOJIOCKI, pACCUUTHLIBAEMAs 110 SIMIIMPHUYECKON (OpMyIIe

W, =25+75[1+1,4(£/1000)°1%%° Hz.  (2.3)

C

[Inpuna kputnyeckoi nmonockl Mensercs oT 100 I'n va HY 1o 6 kI’ — Ha Beicokux. Bo cTONIBKO

nb K€ pa3 BO3PACTAaET YPOBEHb MOLIHOCTH IIyMma
0 A0 S AR | KBAaHTOBAaHUS B  KPUTHYECKHX  TOJOCAaX
33 V (puc.2.6.). Ho wactorer 500 I'nm mmpuna
30 L~ KPUTUYECKHX I0JI0C OJUMHAKoBa U paBHa 100
25 I'm, mno3TomMy B 3TOM JAMana3oHE YpPOBEHb
20 MEEA T MOIIHOCTH LIyMa B KPUTHYECKUX 10J0CaX Ha
15 [ elotd b podk Hriptodzs L 20 nb BeILIE YPOBHS CNIEKTPAIILHOMN TNIOTHOCTH

MomHocth. Beime 500 'y ypoBeHb MOIIHOCTH

10 IIyMa [IOJIHUMAETCs ¢ KpyTu3Hoi okoisio 10 n1b

10 100 1107 110t 110" T C
H Kaay. eK bHas IJIOTHOCTH
Puc.2.6. YpoBeHb 1opora CiabIIIMMOCTH a AcKany CKTpabHa JIOTHOC

TOHa , MACKHPYEMOTO GEJIBIM LIYMOM MOIIIHOCTH myma  kBantoBaHust L(f) gy,
TOHA T
CBA3aHa C MHTCIpaJIbHBIM YPOBHCEM IlIyMa Li'l

PaBEHCTBOM

L(f)san =L =100og(f; /2).
Just 16-tu paspsizaoro ALUT ¢ TPDF gmsepom L, ==93,7, L(f)sq =~137,2 np.

Vposenv nopoza caviuuumocmu mona L(f)y,, MackupyeMoro GensIM OIyMOM, 0 9aCTOTHI
500 T'm ma 18 b BhImIe ypOBHS CHEKTPadbHOW MIOTHOCTH MOIIHOCTH (puc.2.6.). Ha Gomnee
BhIcOKUX uyacTotax  L(f);; oH Takke BO3pacTaeT, HO ¢ MEHBLICH KPYyTH3HOI, 4eM ypOBEHb
mymMa. AHAIMTHYECKH 5Ta 3aBHCHMOCTH MOKET ObITh MPEJCTABIEHA  AMIIMPHUYECKUM

5
paBeHctBOM Ly (f) = L(f)4, T10log(W,p,,) —log[l+1,4 %ﬁg 1-2. (2.4)

Kaxk BunHo u3 puc.2.6. 1o yactotsl 500 ['1 mopor caplIMMOCTH TOHA Ha 2 b HUKE Y POBHS
MOINIHOCTHU IryMa. Ha camMbIX BBICOKHX YacTOT pa3HUIA MEXKAY STUMHU YPOBHIMH JOCTUTAET S...6
nb. Takum o00pa3oMm, YacTOTHas MAaCKHpPOBKa HE JaeT CYIIECTBEHHOTO YBEIUYCHHS

Left Channel
S A e i nopor| F =350T1s, L |, 1,d F 760 1B, /
-60.0 T ertsimmmoctn KoHBepTarms 24 |- 16 6ut
o 700NN T 100dB TPDF dither // '
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Puc.2.7. K onpeneneHuio JMHAMUYECKOTO IHana3oHa
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JUHAMHYECKOTO JUara3oHa, MOATOMY OoJiee palMOHAIBHO W TPOIIE HUKHIOK TPAHUILY
JUHAMMYECKOTO JMara3oHa ONpeaessaTh 0 YPOBHIO IIyMa.
[IIlym KBaHTOBaHHS B KPUTUYECKUX IIOJIOCAX CIBIIIEH TOJIBKO MPU YCIOBHH, YTO €ro

ypoBenb L(f),,, Bblle aGCOMIOTHOrO MOPOTa CIBIIMMOCTA. B CBOK OdYepenb 3TOT IMOPOr

CMCIIACTCA OTHOCUTCIIBHO YPOBHA IIyMa KBAHTOBAaHUA IIPpH HW3MCHCHHUHM  MAaKCHUMAJIbHOI'O
3BYKOBOT'O J1aBJICHHA. Ha pl/lC27 Fpa(bI/IKI/I MOCTPOCHBI B MPCANOJIOXKCHUN, YTO 3TO JaBJICHUC

pasro Py, =120 gb SPL, npu sToM HyseBo# ypoBeHsb 1mkanbl SPL paBen munyc 120 16 B mikae

FS. U3 stux rpadukoB cieayer, 94TO IPH TaKOM 3BYKOBOM JIaBJICHUHM B JIMAIAa30HE YacCTOT OT
30 mo 400 I'm HWXKHSS TpaHUIA TUHAMHYECKOTO JMara3oHa ONpeneNseTcs aOCOTIOTHBIM

IIOPOrOM CIIBINIMMOCTH, a Bbimie —ypoBHeM myma L(f),, . Takum oGpaszom, OGmaromaps

TEXHOJOTHH JU3EPUHI JMHAMUYECKHM JUamna3oH pacumupsercs MakcuMmanbHo (no 22 nb ) B
untepBaie oT 300 go 600 I'm , Ha yacToTax BbILIIE W HUXKE 3TOT BBIUIPHIII IOCTEHNEHHO
YMEHBIIAETCS 10 HYJIS.

[IpencraBnsier uHTEpEC, YTO MPOUCXOAUT C OTUM JUHAMUYECKMM [MAlla30HOM IIpU
YMEHBILIEHNHN 3BYKOBOTO AaBieHus, aomnyctum co 120 mo 100 nb SPL. Kak BunHO Ha puc.2.7.,
rpaduk abCoMOTHOTO MOpOra CABIIIUMOCTH TOAHUMAaeTcs BBepxX Ha 20 1b 1 HUKHEN rpaHuLeit
JUHAMMYECKOTO JMana3oHa CTaHOBUTCSA aOCONIOTHBIM mopor ciabimmMocTH. [lpu  sTom
MaKCHUMaJIbHOE YBEIMYEHHE JMHAMHUYECKOrOo JHMarna3oHa (10 OTHOLIEHHIO K YPOBHIO MHUHYC 93
nb) cocrasiseT Toabko 12 1b B y3koM uHTepBaie oT 3 1o 5 k['1, B 001acTH MakCUMalIbHON
YyBCTBUTEIBHOCTH CIIyXa. DTO 3HAYMT, YTO IPEUMYILIECTBA TEXHOJIOTUH JU3EPUHT MPOSIBIISIFOTCS
TOJIBKO MU OOJIBIIMX 3BYKOBBIX JaBICHUSX.

IIpn cnextpansHoM FFT ananuse ckonp3smas mnosnoca He paBHa 1 I'li, mo3TOMy BO3HHKAET
MOTPEIIHOCTh HM3MEPEHUH, KOTOopas MOXKeT ObITh oueHb Oomybpmiod. B cBsi3u ¢ 3TuM B
HKCIEpUMEHTANIbHbIE IpauKU BCETa BBOAUTCS KOPPEKTUPYIOMUN KO3 dUIIueHT

0 1 L
K,y =100og G—T, (2.5)
w Ry C
rae K, - kodduuuenT, 3aBUCUMBIM OT BHEIOOpa OKOHHOM (yHKIMHM. Ecmu, Hampumep,

ucnosb3yercs okonHas Qyrkius Blackman, o K,,=2,004. R,, - pa3pemaromas cnocoOHOCTb
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Puc.2.8. Cnextp curnana ¢ yposaeM munyc 93 nb FS

aHaJIM3aTopa 3aBUCUT OT 4aCTOTBI JUCKPCTU3AINU U YUCJIda TOYCK FFF ananu3za Nﬁ"t

Ny

Koppektupyromuii  K03QQPUITMECHT CyMMHPYETCS C YPOBHEM CIIEKTPAIGHON IUIOTHOCTH Ha
rpapuke. Yem Bbllle BBIOpPAHO pa3pelleHHEe, TEeM MEHblIe MONpaBOYHBIA KoddduimeHt. B
MIPUBEIEHHOM NPUMEpPE OH paBeH Bcero, MUHyc 1,66 nb.

Ilpu ucnonvzoeanuu mexnonocuu Houz-wietinune OEIBIA IIYM OKpaIlUBaeTCid C PE3KUM
CHaZoM CIEKTpalbHOM IUIOTHOCTH B obOsiacty HY M cuibHBIM MOABEMOM B BEpXHEHM yacTu
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3BYKOBOTO quana3oHa. [Ipu sTom 3HaueHne SNR pe3ko nmagaer U MOXKET CTaTh OTPULIATENbHBIM,
TaK KaK CUTHAJ OKa3bIBaeTCs 3HAUUTEIBHO HUKE YPOBHS IIyMa KBaHTOBaHuUsA (puc.2.8.). B atom
cllydae, €CTECTBEHHO, Hcnosb3dyeMblii B KM Tpakrax MeTrox H3MepeHHs JMHAMUYECKOTO
Uana3oHa  IPUMEHATh HEBO3MOXXHO B MPUHLMUIE, W JWUHAMHUYECKUH JHANa30H MOXHO
onpenenuTs b ¢ nomoisio FFT ananusa.

Ha puc.2.9. npuBenensl rpadukud CHEKTpaJbHOW IJIOTHOCTH IIyMa KBAHTOBAHUS JUIS
Pa3NIUYHBIX aNropuTMOB 00paboTku curHanoB npu ALl Kak BumHO M3 3THX rpaduKoB, B
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Puc.2.9. I'paduku ciekTpansHON INTOTHOCTH MOIIIHOCTH IITyMa KBaHTOBAaHUS

5TOM CIydae BO3MOKHOCTH PpACIIMPEHUS JMHAMUYECKOTO JHMAla3oHa  OIPeaesseTcs
abcomoTHeIM moporoM  cisimuMoctd. Ilpuw P, =120 15 SPL ma wactorax mo 500 I

TEXHOJIOTHSI HOM3-IIEUNUHT aeT Bbrphii A0 20 n1b, a B yactoTHOM auanasone ot 2 10 5 kI’
3TOT BBIMTPHIT MOkeT gocturate 25...30 ab. [To omyOnwKOBaHHBIM JAHHBIM — yBEIIMYCHHE
JUHAMUYECKOI0 JIMana3oHa OT NPUMEHEHUS TEXHOJIOTUH HOM3-IIEUIIUHT cocTaBisieT oT 13 o 23
b .

B Hactosmee Bpems Haumbonee mmpoko ucnonbdytorcs ALl Ha ocHOBe cuema-oenvma
MOOyIAAYyuy C BBICOKOW YaCTOTOM AUCKpETHU3alMM M 4uciaoM paspsanoB ot 1 mo 10. B stux
KOHBEPTOpAaX IIyMbl KBAaHTOBaHUS BBIHOCATCA OAJIEKO 3a TMpPENeibl 3BYKOBOTO JUAIa3oHa,
MOATOMY JMHAMHMUYECKHI nuamna3oH W 3HaueHne SNR, u3MepeHHbI B Mpejesax 3BYKOBOTO
Uana3oHa, Yy HHUX NPUMEpPHO paBHbL. [IpsiMas CBsI3b MEXIy AMHAMUYECKMM JUANa30HOM U
gucioM paspsaoB AL orcyrecrByer.

VYV 3TUX KOHBEPTOPOB BCEr/a OTIAEIBHO MU3MEPAIOTCS U peknamMupyrorcs 3HadeHuss SNR u
DR, oTimdre MeXIy KOTOPBIME COCTABIISIET SIUHUIIBI Aerubern. Hampumep, y oqHON U3 Tydmmx
mozene ALIIT 1804, ucnonb3yemslii B 3BykoBbIX KapTax, SNR =111 gb a DR = 112 ab, no-
BUJIUMOMY, 3TO Ba)XKHO TOJBKO B KoMMepueckux wLemsx. B stux ALIl 3nauenume SNR
onpeaensieTcss B COOTBETCTBUU ¢ pekomeHaanusamu AES 17.

2.3. 'poMKOCTD 3ByKa M INHAMHYECKHH IHANIA30H

C nuHaMMYeCKMM JAMana3oHOM 3BYKOBOI'O CHUIHAja U €ro MUK-(aKkTOpOM TECHO CBsA3aHA
Takasi BaKHAas XapaKTEPUCTHKA (HPOHOTPAMMBI KaK TPOMKOCTH 3BYYaHHS. [ poMKOCMb 38VKd
ABIIsIETCA CyOBEKTUBHOM XapakTepucTikoi. OHa HanOoJee CUIbHO 3aBUCHUT OT ABYX (PaKTOpOB -
3BYKOBOI'O JIaBJIECHHS M  CHEKTPalIbHOIO COCTaBa 3ByKa. B KauecTBe OJHOM U3 OLEHOK
IPOMKOCTH MCIIOJIB3YETCS ~ IOHATUE YPOBHA TPOMKOCTH, H3Mepsiemoro B (onax. B
cootBercTBUH cO cranaaproMm ISO Ha gacrore 1 kI’ yposens epomxocmu 6 ghonax MOIHOCTBIO
OIpeJieIsieTCsl YPOBHEM 3BYKOBOT'O AaBiieHHs B aenubenax (nampumep, 40 n1b SPL — 40 don).
CBsi3p MEXIYy YPOBHEM I'POMKOCTH U 3BYKOBBIM JIaBJICHHEM Ha APYTUX 4acTOTaX OIpPEAEseTCs
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HKCHEPUMEHTANbHBIMU  IpadUKaMu, Ha3bIBAEMBIMH KPUBLIMU PABHOU 2POMKOCMU WIIH
n3ooHamu
(puc.2.10).

W3 npuBeneHHbIX rpa)MKOB KPUBBIX PaBHON I'POMKOCTU CIEAYET, YTO AJI HAaTypajibHOIO
3BY4YaHMsl 3alliCh JOJKHA BOCIIPOM3BOJIUTHCS IPH TOM K€ YPOBHE T'POMKOCTH, IIPU KOTOPOM
oHa Obuta ocymectBieHa. Korma 3amuchk, clenaHHas Ha BBICOKOM YpPOBHE TPOMKOCTH,
BOCITIPOM3BOAMUTCS Ha O0jiee HU3KUX YPOBHSAX, HU3KHME M BBHICOKHME YACTOTHI KakK ObI MMPOMajalorT,
JacTOTHBIM OanaHc Hapymaercs. Eciu 3amuck cienaHa Ha HU3KOM YPOBHE TPOMKOCTH, a
BOCIIPOM3BOANTCS HAa BBICOKOM - TIEHHE M peub KaXyTcs OYOHSIIUMH, TaKk Kak CIylIaTelb
BOCIIPUHMMAET B HHUX HHU3KHE YacTOThl 3HAUUTENBHO Oojiee TPOMKMMH, YEM MpuU
MPOCIYIIMBAaHUN €CTECTBEHHOTO HCTOUYHUKA Ha 00JIee «TUXUX) YPOBHSX.

N3o¢ons! B nepeBepHyToM Buze (puc.2.11.), Ha3pIBaeMble BECOBBIMU XapaKTEPUCTHKAMHU,
NPEJCTaBISAIOT OO0 YaCTOTHYIO  3aBHCUMOCTh UYYBCTBUTENBHOCTH ClyXa 4YelloBeKa OT

Loudness levelphons
] [
) =L | T 130 11/
120 T H
- I TH 110 1T
oo P T TR 100 - A=
- I
= ) w\ﬁ\ Th 0 [T
- 1] m— — ]
_'-E o1 ‘:\ HK T | L Hl FT T
= '\\\\ \-‘H [ i U e T
= -— T —
E (1] \ \MH" I =1] -\-H""--\__.-'-’ T
= I~ 1 I 7 Ny
= xhﬁ"\ 1] [ ] "
= AWNE — A
Fow LT 0 [ |+ | N/
= F—d— 1 [+ Y
F-"1.] [ n H‘“-\——-"} d -\"v"':'
] I [ i T 1] H \u:"r
oy
[~ | 1] HH"'—‘-—"’{; ] \"—'rlll
_'__ﬁ- +—i
Minimum ] "—————__LH-___.«-
u audib e ——
il S0 1083 RiLd] 1kHz S kHz lokHz Z0kHz
Frequency - Hz
FIGHRE 3-8

Puc.2.10. Kpussle paBHOI TpoMKOCTH

ypoBHsI TpoMKocTH 3Byka. Kpubie ¢ wHuekcamu C, B m A cooTBeTcTBYIOT HM30(OHAM ¢
ypoBasimu  rpomkoctd 100, 70 u 30 ¢on. M3 stHX rpadukoB ciemyer, 4TO YaCTOTHBIE
HCKKCHHS CIIYXOBOH CHCTEMBI TEM MEHbIIIE, 4eM OOJIbIIC YPOBEHb IPOMKOCTH 3ByKa. IMEHHO
MOATOMY 2pOMKAs MY3blKa yawe  6ce2o Kaxcemcs "kpacusee”, dyem Ttuxas, U OoJiblie
IpHUBJICKaeT BHMMaHWe. Ha 3TOM OCHOBaHWUU OOJBIIMHCTBO IPOJIOCEPOB BCEMH CHIIAMHU
CTPEMSTCSI TIOBBICUTH YPOBEHB 3aIUCH (DOHOTPaAMMBI TIPU MACTEPUHTE, TaK KaK OT 3TOTO MOXKET

5 3aBHCETh €€ KOMMEPYECKUH yCTIeX.
10 [Tpu nuHaMu4eckoil 00paboTKe 3BYKOBBIX
CUTHAJIOB  CIIEAyeT YYUTBHIBATh  9¢hhexm
0 C/— adanmayuu ciyxa, KOTOPHI BO3HHUKAET IPH
\ 3BYKOBBIX JHaBiieHusix 90 um Oonee meruoen.
- B D1oT 3dEKT 3aKIroYaeTcsi B TOM, YTO
Ca W3MEHEHHE YPOBHS TPOMKOCTH npu
MOBBIINICHUM U TIOHM)KEHHH  3BYKOBOTO
-30 A JaBIICHUsI HAa OJIHY W Ty JK€ BCIHYHHY,
nomyctuM  Ha 6 b, BOCIpPUHHMAETCS
-0 ; " COBEpIIEHHO TI0 pa3HoMmy. Ilpu pe3kom
10 100 1-10 110" T MOBBIIICHUH JaBlieHuss Ha 6 1ab ypoBeHb
Puc.2.11. B3gemmparomue KpuBbie IPOMKOCTH  CKA4KOM YBEJIMYHBAaeTCs Ha 9

¢boH W 3areM MeIEHHO  yObIBaeT IO
AKCIMIOHCHIIMAILHOMY 3akoHy (puc.2.12) mo 3HadeHuss +6 ¢on. [Ipu pe3koM yMeHBIICHUU
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3BYKOBOTI'O JIaBJICHUS, TaKxke Ha 6 1b, ypOBEHb IPOMKOCTH CKAUKOM yMeHblnaercs Ha 19 ¢oH u
3aTeM OY€Hb MEIJIEHHO HapacTaeT A0 CTallMOHAPHOIO 3HAYECHHUS.

Bpems adanmayuu ciyxa K ypoBHIO TPOMKOCTH TIpHU IIE€pEMNajie 3BYKOBOTO AaBjieHUs Ha 6 1b
npumepHo paBHo 120 ...150 ¢, makcumasibHO OHO MoOXxeT pocturate 260 c. Ilpm cmane
3BYKOBOT'O JIaBJICHMS BpeMs aJlalTallid CYLIECTBEHHO OOJbIE, U CKAYOK YPOBHS IPOMKOCTH
cocraBiseT 19 gou. Bee 310 yunthiBaeTcs pu BEIOOpPE BPEMEHHBIX ITapaMEeTPOB TUHAMUYECKUX
IIPOLIECCOPOB.

I'padux ormbaromieit ypoBHSI TPOMKOCTH Ha puc.2.12. CBUAETENbCTBYET, YTO MPHU OOJBIINX
YPOBHSAX 3BYKOBOTO JABJIEHHMsS CIyXOBOHM ammapar 4elloBeKa OCYIIECTBISET CBOEOOPa3HYIO
KOMITPECCHIO 3BYKOBBIX CHUTHAJIOB, MOJOOHYIO JMHAMHYECKoW oOpaboTrke. Takoe mpomcxomut
Onarosaps HEIMHEHHOCTH pacTsDKeHUs: 6apaOaHHOM MEPEeNnoOHKM BHEUIHErO yXa. DTUM CIyXOBOH
anmapaT CaMOCTOSTEIbHO CTapaeTcsl 3alIUTUTh COOCTBEHHBIE YIIIU.

Takum o00pazom, MpeacTaBIEHHE O BO3MOXXHOCTH  €CTECTBEHHOI'O BOCIPHATHUS BCETrO
JUHAMHMYECKOTO JMana3oHa MY3bIKH SIBISETCS COBEPLIEHHO WIUTIO30pHBIM. JlMHaMuyeckas
0o0paboTKka  3BYKOBBIX  CHUTHAJIOB B
AIIEKTPUYECKUX TpPaKTax H30aBiseT Hallu
YIIM OT HEHYXXHOU paboThl. BaxkHO TONMBKO
YTOOBI OCYHIECTBIISJIOCH 3TO TaK e, Kak
3TO AENAET CIyXOBOMW ammapar.

Kax mpu anayioroBoii, Tak u nudpoBoi

+61b 3BykoBoe gaBienue, 1b spl

90nb spl

3BYKO3aIHCH yBEIMYEHHE TPOMKOCTH
+9don ¥ YPpoBeHb rpoMKoCTH, pox 3ByYaHUS (oHOTpaMMBI myTeM
+6on yBEITMYEHHS YPOBHS ~ 3amucH B

3HAYNUTEIBHON Mepe OTrpaHU4YMBACTCS IHK-
(akTOpOM 3BYKOBOTO CHUTHaja. B mepBom
90cor cllyyae Ba)KHO, YTOOBI IMUKU HE MPHUBOIUIN
K CWIbHOMY HAacCbIIICHHI0 MarHUTHOIO
HOCHUTENI,, 4 BO BTOPOM - IIMKHM MOTYT
BBI3BaTh KJIMIIMPOBAHUE CUTHAJIA.

~19¢on [Ipu cBenennu Ha 1MGPOBOI HOCUTEIH
dboHOrpamMma 0e3 JTUHAMUAYECKON
00paboTKku uMeer nuk-(axkTop B paitone 20
nb. D10 03Hauaer, 4yTo oHa OyzAeT 3By4ath Ha 6 1b (B qBa pasal) Tuie, yem Ta ke GoHOrpaMma,
CBEJICHHAs Ha aHAJIOTOBYI0 MAarHuTHyio JeHTy. [loaTomy nmdpoBas 3ByKO3amuch MOMKET
3By4aTb MeHee NPUGIeKamesbHo, 4eM €€ OPUIMHAl Ha CTYAMMHOW MarHuTHOM JieHTte. s
KOMIIEHCAIIMKM JBYKPATHOM MOTEPU T'POMKOCTH MPUXOAMUTCS HCIIONIB30BATh JIOBOJIBHO KECTKYIO
JMHAMHUYECKYI0 00pabOTKy 3BYKOBBIX CUT'HAJIOB.

B Hacrosimee Bpemsi caMasi COBpEMEHHAsI ayIMOTEXHUKA HE B COCTOSIHMM IEepeaTh MOJHON
JUHAMUKH, KOTOPYIO BOCIIPUHUMAET YeJIoBeYeCKoe yXo0. [103ToMy U1 MpakTUYEeCKUX LeJIeH Ipu
3alMCH  BCEr/la MPUXOJMUTCS OCYIIECTBIATh COKpAlleHHE JAMHAMUYECKOTO Juama3oHa ¢
UCTOJIb30BaHUEM JAUHAMHUECKOH 00paboTKu. IIpu BHIMOIHEHUH 3TOH ONEpaluy penalTcs Kak
TEXHUYECKHEe, TaK WU  XYJOXKeCTBeHHble 3anauu. I[Ipexne Bcero, HEOOXOIUMO TMOIHOCTHIO
HCIIOJIB30BaTh JUHAMUYECKUN JHANAa30H HOCUTENs. TakKe Ba)KHO MAaKCHMMAJIBHO UCIIOJIB30BaTh
JUHAMHMYECKUN JTarna30oH BOCIPOM3BOSIIETO YCTPOICTBa, YTOOBI 3aMCh HE TOHYNA B IIyMaXx.
Tpetbeii, Haubonee CIOXKHOW 3afaueil, SBISACTCA NOGbIUUEHUE SPOMKOCIU 38VUAHUS 3d CUem
COKpawjenus OUHaMuyecko2o ouanazoxa 0e3 3aMETHOr0 YXyALICHHs KadyecTBa 3By4aHHUs. OTO
JOCTUTaeTcs TeM, YTO IPH MEHBIIEM IMUK-(aKTope 3BYKOBOTO CHTHaja 0ojee BBICOKas
IPOMKOCTb 3By4aHUs! (POHOTPaMMBbI JIOCTUTAEeTCsI ITyTEM YBEJIMUEHUS YPOBHS 3aIUCH.

120...150c

Puc.2.12. Bpemst agantaiii BOCIIPHSATHS TPOMKOCTH
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2.4, [IpyHIMN AMHAMAYECKOH 00padoTKH

Hunamuueckas obpabomka 3BYKOBBIX CHUTHAJIOB MPOU3BOJIUTCS JUIS CYXEHHS WM
pacipeHusi TMHAMAYECKOTo auana3ona. [[pubop wim mporpaMMHBIA MOJTYTb, BBITIOTHSFOIIHHA
3Ty (YHKUUIO, Ha3blBaeTcs ounamuyeckum npoyeccopom (DP). Jlunamuueckas oOpaboTka
MIPUMEHSETCS] TOJIBKO JUIsSI HECTAI[MOHAPHBIX CHTHAJIOB C MOJhEMaMH H MPOBATAMHU OTHOAroIen
3BYKOBOI'O CUTHAJIA. YPOBEHb OrHOaroIeil orpeaesiseTcst ¢ MOMOIIbIO ITMKOBOTO JIETEKTOpa, Ipu
3TOM OJIHOBPEMEHHO BBIUUCIISIETCS CPEIHEKBAIPAaTUUYECKOe 3HAYCHHE CUTHAJA C BPEMEHEM
MHTETPUPOBAHUS IPUMEPHO PaBHBIM MOCTOSIHHOM BpeMeHu cityxa — 50...60 Mmc.

[Tpunuun uudpoBol OJunamuueckol o06pabomky OCHOBAaH Ha TOYTH M2HOBEHHOM
uzMeneHuu Kodgguyuenma nepeoayu  CUTHAJIOB, KOT/Ia YPOBEHb  Orubaromieil 3ByKOBOTO
CHTHAJIA CTAHOBUTCS  BBINIE (HW)KE) YCTAaHOBICHHOTO Topora. [lopor MokeT 3amaBaThCsi Kak
MTUKOBBIM 3HAUYEHHEM YPOBHS, TaK U CPEIHEKBAIPATUIECKHM.

OcHoBHbIMKH TapameTpamu DP sBisiorcs:  nepedamounas xapaxmepucmuka (B BHUIE

rpa¢uka unu GyHKUMM), HOpor cpabaTeiBaHMs, BpeMms ycTaHoBieHus (attack) Tywu Bpems
BoccTaHOBNeHUST 1 koodduimenta nepemaun. [leperom B TIEPEAATOYHON XapaKTEPHCTHKE
Ha3bIBACTCS MOYKOU nepecuda. BXOAHOW ypoOBEHb, COOTBETCTBYIONIMU Teperu0y, Ha3bIBAETCS

nopo2om, 3a7aeTcsl OH B IenmoOenax. Yeon nakiona epaguxa nepedamounol xapakmepucmuxu
BbIIlIe (HUMXKE) TOYKM meperuba omnpenenseT KodpOUIUEHT Nepenayd MOIBEeMOB (TPOBAJIOB)

-80 Up@B)- o -8 UpdB)- ¢ -80 Up@B - o -8 Ui(dB)- o

ITopor
ITopor Bb ITopor
_____ ~ - I S A
ITopor
—80 —80 —-80 —-80
Uy (dB) 1 Uy (dB) 1 Uy (dB) 1 Uy (dB) 1
Jlumurep Kommpeccop DKcnanaep OrpaHu4uTens mryma

Puc.2.13. TlepexaTrounsie QyHKIIUN TUHAMAYIECKHUX ITPOIIECCOPOB

orubaroiel 3B8yKOBOr0 CHrHasa.

B 3aBucumocTH OT BHIa TepegaToyHOM XapakTepucTHKH DP OH MoOXeT BBINOIHATH
(GyHKIMU TUMHTEpA, KOMIIpEeccopa, SKClaHaepa Wid reira. Bce 3Tu QpyHKIUM MOTryT OBITH
peann30BaHbl B OJHOM YCTPOMCTBE WJIM C IMOMOIIBIO OJHOrO HporpamMmHOro moxayins. Ha
puc.2.13 mpuUBEJCHBI TUIIOBBIE MEPEIATOYHBIE XAPAKTEPUCTUKH ITHX YCTPOUCTB.

[lepenatounast  xapakrtepuctuka DP  OogHO3HaYHO — OmpenenseT  pe2yiuposouHyio
xapakmepucmuxky, B COOTBETCTBHM C KOTOpPOH MeHsieTca KodduuueHnt nepenayn
perymupyromero amementa DP. M3ruGsl u W3MOMBI NEpefaTOYHOW  XapaKTEPHCTHKH
NPEIONPENENIOT  TUCKPETHBIH  XapakTep  HM3MEHEHus  KodduimeHnTta nepeaayn
perynupyromero snemeHTa DP, u OHM B 3HAaUMTENBHON Mepe OIpeneisioT  GopMmy
amnaumyonol ocubaoujeli TMAHAMAYIECKU 00pab0TaHHOTO 3BYKOBOTO CHTHAJIA.

Jlumumep ~ OTpaHMYMBACT  JAWHAMUYECKUI JMANa30H CBEpXy — IMUKA U MOIBEMBI
orubaromield, 3Ha4YCHHE KOTOPBIX MPEBHIAIOT TOPOTOBBIA YPOBEHb, OH OCIAOISIET 10 YPOBHA,
PaBHOTO YCTAHOBJIEHHOMY mopory. Kowmnpeccop ~ Takke OrpaHWYHMBACT JWHAMUYECKHUH
JMana3oH CBEpXYy — IOABEMBI OTMOAIOIIECH, BETMYMHA KOTOPHIX MPEBBIACT  MOPOTOBBIN
YPOBEHb, OH OCIa0JIeT B COOTBETCTBHU C YCTAHOBJICHHBIM KO3()(UIMEHTOM mepenadu BbIIIE
TOYKH Tieperuda.
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PazHuna B pabGore nuMuTepa M KOMIpEccOpa OCOOEHHO 3aMeTHa MPHU Malloil CKOpOCTH
HapacTaHusi W chaja orudarolieil BXOJHOro 3ByKoBoro curhana (puc.2.14.). Bce wuznomsl

Orubarormas

JIumutep —nopor —6 n1b 251 Kommnpeccop —nopor —12 nb

— 1215

BXOJTHOT'O CUTHAJIA |25 25 Komrmpeccust 2:1

Puc.2.14. Ammuryansle orubaromue Beixoanoro curnaina DP mpu Ty =T =0

aMIUIUTYIHOM orubaromieil BBIXOJAHOTO CHUTHAJla  MOJIHOCTbIO COOTBETCTBYIOT MOMEHTaM
CKa4uKOOOpa3HOTO M3MEHEeHHs KoddduimenTta nepegaud. Kak BUIHO, MPH KOMIIPECCUPOBAHUHU
CKJIOHBI aMIUIMTYIHOH orubatomieid Oonee muiaBHble. C yBeaMYEHHUEM KPYTH3HBI HApACTAHUS
U crafa orubaromieil BXOIHOTO CHTHANA M3JIOMbI aMIUTUTYJHOW OTHOAroIIell CTAaHOBSITCS BCE
pe3de, BIUIOTH JO TOJHOIO pa3pbiBa, a pa3HUIA B paboTe JHUMUTEpa W KOMIpeccopa
HUBEJIUPYETCS.

Oxcnandep pacumpsieT TUHAMUYECKHUH JHama3oH CHU3Y — MPOBAJIbl OTHOAroNIeH, ypOBEHb
KOTOPBIX HM)KE€ IIOPOTOBOTO OH YBEIMYMBAET MyTEeM YMEHbIIEHHS Kod(dduiuenTa nepeaadu
HUKE TOYKHU meperuda. [ eim OTrpaHMYMBAET TUHAMUYECKHI CHU3Y — BCE CUTHAJIBI B MPOBAJIaX
oru0aromiel, ypoBeHb KOTOPBIX HUKE IMOPOrOBOTO OH HE MPOITYCKAaET.

Cmenens coicamus (komnpeccuu) OTNPEACISIETCS OTHOIIEHUEM KOA(D(HUIIMEHTOB TMepenadn
HIDKE U BBILIE TOYKHM meperuda nepenatoyHoit GpyHkimu. [loaToMy oHa MOXKET 3a/1aBaThCsl Kak
OTHOIIIEHUE TPHUPAIICHUN BXOIHOTO M BBIXOJHOTO CHUTHAJIOB B JeruoOenax, Hampumep, 18 : 6.
Ko>duuuent nepenaun onpeiensercs Takke YIIOM HakKIOHAa HepenaTtouHoi ¢ynkuuu B,
MO3TOMY CTENEHb CHKATHUSI MOXET 3a7aBaThbCsd B  BHJIE OTHOUIEHUS CTOPOH MPSAMOYTOJIBHOTO
TpeyroneHuka 4 u b (puc.2.14.). Eciu, nHampumep, @ : b= 1 : 1, yron HakioHa paBeH 45
rpajgycaM- 3TO 3HAYHT, YTO CKaTus HeT. Eciam @ : b=2 :1 -3T0 3HAYUT, YTO NPU YBEINICHUH
BXOJHOI'O YpOBHS Ha 2 b BbIIIE MOpOra BBIXOJHOM YpPOBEHb BbIpacTeT Jumb Ha 1 1b m,
CJIE0BATENIBLHO, CTENIEHb CKAaTUs paBHA 2.

B pabGore DP oueHp BaxHy0O pOJb UIpalOT €ro BpPEMEHHBbIE IapaMeTphbl: Bpems

YCTaHOBJICHUS Ty, 9aCTO HA3bIBACMOC BPCMCHEM Cpa6aTLIBaHI/I$I, U BpEMA BOCCTAHOBJICHUA

TB: B 3HAUUTCILHOU MEpC OIPCACIAIOMUC MIUTCIBHOCTh IICPEXOJHBIX MPOLECCCOB. Ot

napaMeTpbl  M3MEPSIOTCS B €JUHMIIAX BPEMEHH, TOrJa KaK CKOPOCTb  YCTAHOBJIEHUS U
BOoCCTaHOBJeHHsT u3MepsieTcs B ab/c. [locnennee o3HauaeT, yTo Bpems cpabaThIBaHUS U BpEMS
BOCCTAHOBJIEHUSI HE SIBJISIOTCS BEJIMYMHAMHU TOCTOSHHBIMH, @ 3aBHCST OT YPOBHSI 3BYKOBOI'O
CUTHajia. JTa 3aBUCUMOCTH MPOSBIIAETCS B TOM, YTO YeM OOJIbIlle ypOBEHb CUTHAJA, TeM OOJbIIe
BpEMS YCTAHOBJICHHUS U MEHbILIE BPEMSI BOCCTAaHOBJICHUS.

Bribop 3HaueHuil STUX MapaMeTpoOB 3aBUCUT OT peXHUMa pabOThl JAMHAMUYECKOTO
npoiieccopa (KOMIpeccop, SKCMaHaep, JuMutep wid reut). CyllecTBEeHHOE 3HAUY€HHE HWMEET
XapakTep MY3BIKabHOTO MaTepuana. VHorma ST mapaMeTpbl BBIOMPAIOTCS  UCXOAS U3
HEOOXOJUMOCTH pEILIeHUs] Kakux Jmbo TBopueckux 3anad. CoBpemeHHble DP mo3Bomistor
TUIaBHO MEHATH BpeMst yctanoBieHus ot 0 o 500 mc, a Bpemst BoccTaHoBieHwus - oT 0 10 5 c.

Uem MeHblIE BpeMs YCTAHOBJIEHHS U BOCCTAaHOBIEHHUS, TEM TIpPOMYE IOJIY4YaeTCs
pE3yNbTUPYIOLIUI 3BYK, HO TeM Oojiee HM3JIOMaHHOW TMOJydaeTcs aMIUIMTYAHas Oorubaroras
BBIXOJIHOTO curHasia DP, u Tem Oosibllie BOSHUKAET MHTEPMOMYIISIIIMOHHBIX MCKaKEeHHUH. SIcHO,
YTO 4YeM OOJbIIIe BpeMsi YCTAHOBIICHUS U BOCCTAHOBJICHHUS, TEM MEJJICHHEEe OyJIeT MEHSThCS BO
BPEMEHM aMIUIUTyJHasi ormoaromias, TeM Oojee rinaakod oHa Oyaer. OgHako, Mpu OOJIBIIOM
BPEMEHH YCTAaHOBIICHUSI U BOCCTAaHOBJICHUS HAYMHAET MPOSBIATHCA d(DPexT "mpoBanuBaHuUs
rpoMkoctu" (pumping). TIpoBasibl TPOMKOCTH BO3HHMKAIOT BOKPYT KPaTKOBPEMEHHBIX IMHKOB B
curHaie. Takum oOpa3om, BHIOOp BpEMEHHU yCTaHOBJICHUS/BOCCTAHOBIICHHUS - 3TO KOMIIPOMHUCC
MEXTy HTHTEPMOTIYJIIIMOHHBIMU UCKAXCHISIMHU 1 3()()EKTOM ITPOBATUBAHUS TPOMKOCTH
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Ha mHoOrmx monensix KOMIIPECCOPOB €CTh BO3MOKHOCTb BKJIIOUEHHUSI aBTOMATUYECKOIO
pexuMa YCTaHOBKH OJTHOM WJIM 00€WX MOCTOSIHHBIX BpeMEHH. boyiee Toro, CymecTByoT MOIEIH
KOMITPECCOPOB, Y KOTOPBIX OJJHA U3 MOCTOSHHBIX BPEMEHH BOOOIIE HE UMEET PYUYHOH yCTaHOBKHU
(ycraHaBiMBaeTCSi aBTOMAaTHYECKH), a e€mie OBIBAIOT W TIOJHOCTHIO aBTOMATHYECKHE
KOMITPECCOPHI - BOOOIIe 0e3 peryasaTopoB BpeMeHH cpabaThIBaHMs M BOCCTAHOBIICHUSI.

Kak mpaBwmiio, B aBTOMaTHYECKOM peXUME BpeMsi cpabaThIBaHHUsI yMEHBIIACTCS TpHU
YBEJIMYEHUH YPOBHSI BXOJAHOTO CHTHAJa, BPEMS € BOCCTAHOBJICHHUS MPHU 3TOM YBEIUYHBAETCSI.
B pesynbprare ymaercs 1oOuThCs OOMbIIEH POBHOCTH M MATKOCTH aMIUIUTYJIHOW OTHOArOIIei B
MOMEHTBI PE3KOT0 U3BMEHEHHS YPOBHS BXOAHOTO CUTHAJA.

Bperl ycmaHoe61eHUA Ty OIpeaAcCICT BpEMA MEXKAY MOMCHTOM HapaCTaHWsA MWW CliaJa

orubaromield BXOAHOTO CHUTHAlla 10 MOPOTOBOTO 3HAa4YeHHs (CHH3Y WIH CBEPXY) U BPEMEHEM,
yepe3 KOTOPOE YCTAaHABJIMBAETCSl 3aJlaHHBIH ypOBEHb BBIXOJHOTO CUTHAJA JAMHAMUYECKOTO
mporeccopa.

UeM MeHbIIIE BpeMsi YCTAaHOBIICHHUS - TeM Ha Ooyiee KOPOTKHX MUKaX YPOBHS CpabaThIBaeT
DP. Ilpu manomM BpeMEHHM YCTaHOBIEHHUS MOXKHO MPAKTHUYECKH MCKIIOYUTh BO3HUKHOBEHHUE
IIMKOB CUTHAaja IPHU CKauKOOOpa3HOM YBEIWYEHUM €ro ypoBHA. OJHAKO NHpU ITOM 3By4YaHHUE
MOXKET CTaTh HEJAOCTATOYHO AKIEHTHPOBAHHBIM. Tak K€ Ba)XKHO MOMHHUTh, YTO Majuoe BpeMms
YCTaHOBJIEHUSI MOXET BbI3BATh MCKa)XXCHMs, OCOOEHHO Ha HMU3KUX yacToTax. HuskowyactoTHbIe
CUTHaJbl UMEIOT OONBIION MEepHOd, U KOMIIPECCHS, ASHCTBYIONIas MOCPEIU MEePUOIa, 3BYUUT
OUYEHb HEECTECTBEHHO.

[Ipu GonblIOM BpEeMEHU YCTAaHOBIEHHS KOMIpeccop OyAeT MpomycKaTh KOPOTKHUE aTaku
3BYKOBOI'O CHTHaJla, IPEBBILIAIOIINE MOPOT, T.K. HE OyJeT ycrneBaTb Ha HUX pearupoBarb. ITO
MOKET OBbITh HEXeNaTeNbHBIM, HAapUMep, U JIUMUTEPOB. B curHane Ha BbIXo/e KOMIpeccopa
oyayT MIPUCYTCTBOBATH TTUKH.

Jl7ist TMMUTEPOB Yallle BCero BEIOUPAIOT BpeMs ycTaHoBiIeHus B mpenenax 0,5 - 1,0 mc, ms
pPEYEBBIX KOMIIPECCOPOB BPEMSI YCTAHOBJICHHS JIOJDKHO COCTaBIATH l... 2 MC, B OOBIYHBIX
KOMIIpeccopax BpeMs ycTaHoBieHus - nopsaka 10...100 mc.

Bpems 6occmanognenus s ONpemensieT BpeMs MExkKILy MOMEHTOM CIIaja IHKa OrHOaoIIei
BXOJIHOTO CHTHAJIa JI0 MOPOrOBOIO YPOBHSI (CBEPXY WMJIM CHU3Y) M BpEMEHEM, Yepe3 KOTOpOe Ha
BBIXOZIE IPOILIECCOpPAa BOCCTAHOBUTCS HMCXOIHBIM YPOBEHb 3BYKOBOro curHana. IIpm manom
BPEMEHHU BOCCTAHOBJICHHs OOecTiedrBaeTcsi 0ojiee CYIIECTBEHHOE CrilakuBaHue. Ecimu Bpems
BOCCTAHOBJICHMSI CIIMILKOM BEJIHMKO, TO KOMIIPECCOP IOJIbLIE HAXOAUTCA B aKTUBHOM COCTOSTHUHM
U BO3JCHCTBYET Ha AMHAMUYECKUH JMaNa3oH Jake TOrAa, KOI/la 3TO HEXeNaTelnbHO. JTO JaeT
3aMeTHbIl Ha ciayX 5¢QeKT MyapcallMd 3ByKa, TaK Kak KOMIIPECCHs HE MPHUBOJUT K
CTJIa)KMBaHMIO CUTHAJIA.

OOBIYHO pEKOMEHJyeTCs sl HHCTPYMEHTAJbHOW MY3bIKH B KayecTBe TIpyooro
NpUOIDKEHUsST W OTIPABHOW TOYKH JUIS OoJiee TOHKOM HACTPOWKH BBIOMPATH BpeMs
BOCCTaHOBJIEHMs 0KOJIO 500 MC. DTO COOTBETCTBYET NMPOMEXKYTKY MEXKIY IBYMS TaKTaMU IIPU
temne 120 yerBepreil B MUHYTY. JlJ1sl peueBbIX KOMIIPECCOPOB BpeMsi BoccTaHoBieHus - 300 Mc,
B OOBIYHBIX KOMITpEcCcOpax BpeMs BoccTaHoBJIeHHs - mopsaka 100...1000 mc.
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Jis uccnenoBaHus W JIEMOHCTpAlMu paboThl pa3nuyHbix DP  Gosble Bcero moaxout
CHUHYCOMJIaJbHBIH 3BYKOBOM CHUTHAJl C aMIUIMTYAHO-UMIYJIbCHOW — moxyisuueit (AVM), y

Puc. 2.15. JTunamudeckas oopaborka AMM curHanma ¢ moMoIs KOMIIpeccopa

KOTOPOTO Orudaromas uMeeT MpsSMOYroiibHylo ¢opmy (puc.2.15.). MUHUMaAIFHO BO3MOXKHAS
KpyTH3Ha (DPOHTOB TaKMX MMITYyJbCOB (BpeMsl aTaku) ONpEAEseTcss YacTOTOM 3BYKOBOIO
CUTHajJa, U MO3TOMY MOXET MPUHMMATh 3HaueHus or 25 Mkc g0 10 mc. Orto cinemyer
YUUTBIBATh NP BEIOOPE BPEMEHH YCTAHOBJICHUS TMHAMUYECKOTO IPOLIECCopa.

Ha puc.2.15 mnpuBeneHa curHajorpaMMa €  BBIXOAAa Tpa(UUecKOro TUHAMUYECKOTO
nporeccopa 3BykoBoro pemakropa Sound Forge, palotaromiero B pexume KOMIIpeccopa.

VYcraHaBnuMBaeMbI TOPOr  ONPEETsAeT MAaKCUMAJIbHBIM pa3Max BBIXOJIHOTO CHUTHAJIA U pk 6

VCMAHOBUBUWEMCS pedcume, a CTeTIeHb KOMIIPECCHH OIpenessieT M3MeHeHue koddduimenta
nepeaavn.

B MomeHT HapacTaHUsi BXOIHOTO MUKa OTHMOAIONIEH CHUTHAIA €ro pa3Max U p Ha BBIXOJE

KOMIIpeccopa  IOYTH TakOM XKe, Kak M Ha BXoAe. OTO OOYCIOBJIEHO TEeM, 4YTO B
paccMaTpuBaeMOM TpPUMEpPE BpeMs YCTAaHOBJICHHUS CYIIECTBEHHO OOJbIe BpeMeHU (poHTa
uMmmynbeoB. Criag orubaromieil BHIXOAHOTO CUTHAIa KOMIIPEccopa MPOMCXOUT MO 3aTyXarolei
sKcroHeHTe. [lo OKOHYaHMM TepexoJHOro mpouecca (ctathka) Kod(h(GUIUEHT YCHJIEHUS
KOMIIPECCOPA YMEHBINAETCS B TPU pa3a, BO CTOJBKO XK€ pa3 yMEHbBIIAETCS pa3MaxX BBIXOIHOIO

curnana U py .

B MomeHT cnasia nuka orubaromieil yCTAaHOBUBILIMHCSA B PeXUME KOAPPHUIHUEHT yCUIECHUS
HE MOYKET MI'HOBEHHO W3MEHHUTHCS, MOITOMY IPOMCXOAUT PE3KOE YMEHBUICHHE pa3Maxa

BBIXOJHOTO curHanma Vp, Toxke B Tpu pasa. Jlajee MPOMCXOAUT MOCTENEHHOE BOCCTAHOBJICHUE
kod(pduureHTa yCuiIeHHS [0 KMCXOJHOTO 3HA4YEeHUS [0 HapacTalolleld HKCIOHEHTE.
JUTUTEIbHOCTD 3TOTO MpPOIEcca ONpeIeNsIeTcs 3HadeHneM 1y .

W3 npuBeneHHOro Nnpumepa CieayeT, 4To MPUMEHEHHE KOMIIPECCUN OTHIOIb HE 03HAYaeT
aBTOMATUYECKOTO YMEHBIIECHUS AMHAMHUYECKOTO [Mana3oHa I10 MHUKOBBIM 3HAUYEHUSM U HE
UCKJIFOYAeT BO3MOYKHOCTH KJIMIMPOBAHUS 3BYKOBOI'O CUTHaia. Xopoas padoTa KoMIpeccopa
OYEeHb CHJIBHO 3aBHCUT OT BBIOOpA MOCTOSHHBIX BpPEMEHH Ipolieccopa. B HEKOTOpHIX ciydasx
MOXKHO JOITyCTUTh MOMEHTaJIbHOE CpabaThiBaHWE KOMIIPECCOpa, HO BpeMs BOCCTAHOBJICHUSI HE
MOXET OBITh HYJIEBBIM. OTO CBS3aHO C TEM, YTO JHOOOMY aKyCTHMYECKOMY 3aTyXaHHUIO,
HampuMep, KojeOaHusi CTPYHbl WU peBepOepHUpYIOMIMHA 3BYK, COMYTCTBYIOT (IyKTyaluw,
KOTOpBIE B KOMIIPECCOPE MOTYT NPUBOAUTH K CIIOHTAHHOMY W3MEHEHUIO TPOMKOCTH.

Ecnu xommpeccop mpuMeHsieTcs Al YMEHbIICHHUS JAMHAMUYECKOro Juara3oHa 3BYKOBOM
IIPOTPaMMBbl, TO SKCHaHJEpP, HA0OOPOT, HCIONB3YyeTCs A ero yBenudeHus. O4eHb BaXKHO, 4YTO
paclpeHyre JUHAMUYECKOTo Iuana3oHa MPOUCXOAUT IyTeM IUIAaBHOIO OCHIalOJIeHHs Cl1adbIX
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CUTHAJIOB, Oyarofiapsi TOMY IIyMBbl CTaHOBSITCS THINE, a 3ByyaHHe Jydie. [loaTomy ocHOBHOE
MIPUMEHEHNE SKBajlali3epbl HAaXOAAT B CHCTEMax IOJABIICHHs IIyMa, HalpUMep, TAKUX Kak
IIMIIEHHE MAarHUTHBIX JICHT WX IIIyMOB MUKPO(OHA.

OKCHaHAep MO0 KOHCTPYKIUHU B IIPUHIUIIE HUYEM HE OTIIMYAETCS OT KOMIIPECCOPA, TOIBKO Y
HEro CTreneHb cxarusg MeHsercds oT 1 : 1 go 1: ® u B 3TOM NpPENeNbHOM CiIy4ae OH

B 3

A

Puc.2.16. dunamudeckast 00paboTka CHHYCHAATBFHOTO 3ByKOBOTO CUTHAJA C aMILIUTYIHO-
HMIYJIBCHOM Momysiueit (A — skcnannep, B — reir)

npeBpamaercs B redT. [Ipu 3ToM curHanm HuUXKe MOPOroBOr0 YpOBHS ociabusercst Kak Obl 70
OeckoHeyHOCTH. Ha camMoMm jke Jiere CymiecTByeT Takoe IMOHATHE, KaK OamnuHe, KOTOPBIA U
yCTAaHaBJIMBAaET ATOT mpexaen ocnadieHus. OObYHO OH He mpeBblmiaeTr MuHyc 60 ab -
MPAaKTUYECKH ATO IPUMEPHO COBIAAET C COOCTBEHHBIM IIIYMOM JKCIIAHEPA.

Ha puc.2.16.,A  mpuBeneHa cUrHajJorpaMma ¢ BbIXOJa TIpaUuyecKoro IUHAMHUYECKOTIO
nporieccopa 3BykoBoro peaakropa Sound Forge, pabotatomiero B pesxxume dKCIaHaepa
(puc.2.17.). B aTOM pexuMe MpeIHAMEPEHHO UCIOJIb30BaHbl TAaKUE K€ 3HAYEHHs Mopora u
CTENEHb C)KaTusl, Kak U B pexXHUMe Komrpeccopa. MIMeHHO mosTomMy B SKCIaHAepe  pa3Max

CHUI'Haja MCXKAY NHUKOBBIMHU 3HAYCHUAMU Vp B CTAaTHYCCKOM PCKHUME IIOCJIIC OKOHYaHUHA

MIEPEXOTHOTO MPOIIeCcca, TAK)KE YMEHBILACTCS B TPH pasa.

B omimume ot paboThl KOMIIpeccopa IMEPEeXOHBIC MPOIECChl B IKCIAHACPE MPOUCKOMIST
TUTaBHO 0€3 BBIOPOCOB. 371€Ch OYEHb HAMISIIEH (AKT PACHIUPEHUS THMHAMUYECKOTO JHaIa3oHa,
TOrJa Kak B KOMIIPECCOpPE HW3-3a IEPEXOJHBIX IMPOIECCOB JWHAMHYECKHHA JHAra3oH 10
MMKOBBIM 3HAYCHHUSM 110 BUY JAXKE YBEIMYUBACTCS.

letim - 3T0 dKcHaHjep ¢ KOX(PQPUIMEHTOM Tepenayd paBHbIM Hy0. CHrHajIorpamma
aMIUIUTYTHO-MOJYJIMPOBAHHOTO CHHYCOMAAJIBHOIO CUTHaJIa ¢ BbIXoja reira (puc.2.16.B ) mno
XapakTepy HE OTJIMYAETCS OT aHAJOTMYHOW CHTHAJIOTpaMMbl paboThl dKcnaHiepa. ToJbKo B
nay3ax, MEXIy I[HUKOBBIM 3HAa4YCHHSIMHU OTHOAIOICH CUTHala, MPOMCXOAMUT €ro IMOJHOE
MOJIaBJICHUE, 32 UCKIIFOUYCHHEM BPEMEHH MEePEX0JHOTO TpoIiecca.
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Otor DP mnonmxkaer ko3(h(UIMEHT yCUIIEHUS HIDKE MOopora BIUIOTH 10 Hyas. KecTkoe
ylaJeHue IIyMa BbI3bIBACT HEMPUSITHOE OUIYIIEHHE, KaK OyITO BaM 3aTKHYJIM YIIH, MO3TOMY
JUI OTUX LeJed OH MCIIONB3YETCs PEIKO, XOTS M pa3pabaThiBajCcs I MOHIKEHHUS IIymMa B
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Puc.2.17. JInanorosoe okHo rpapuueckoro DP pemakropa Sound Forge

nayzax pedd. B OCHOBHOM OH NpHMEHSIETCS sl AWHAMHYECKOW 0OpabOTKH 3ByKa yIapHBIX
MHCTPYMEHTOB.

B nexoTophIx Mozensx DP 3amaercss elle oJuH MapaMeTp — 6pems yoepacanus Lyy. DTo

BpeMs TIO3BOJISIET aBTOPETYJATOPY HE pearupoBaTh Ha CIHWIIKOM YacTble Mepernajbl ypOBHS
orubaromield BXOJHOTO CHTHANA, COXPaHSS YCTAHOBJIICHHBIE TUHAMHYECKHE COOTHOIICHHUS
BHYTPU 3BYKOBOTO »mm30j4a. B Takux ycrpoiicTBax mpu OOJBIIOM BpEMEHH YAEpKaHUS

OeccMBICTICHHA YCTaHOBKA MAJIbIX 3Ha4YCHMIH Ty u TB .

Peskue usnomvl u paspeiebl EPEAATOYHON (YHKIMH, KOTOPBIE MPHUHIMITHAIBHO MPUCYIIN
BceM DP, mpuBoasST K aHAJOTMYHBIM pa3phlBaM M H3JIOMaM B aMIUIMTYJHOW orubarorien
BBIXOJTHOTO 3BYKOBOTO CHTHajiia. Bo Bpems NepexoaHBIX IMPOIECCOB KPAaTKOBPEMEHHO, HO
JOCTaTOYHO CHUJIBHO, BO3PACTAIOT MHTEPMOIYJSALMOHHBIE MCKAKEHUS MMITYJIIbCHOTO XapakTepa,
KOTOpPBIE H3MEPHUTD HEJb3sl, & YCIIBIIIAaTh MOXKHO B BUJIC IIETYKOB WM Tpecka. X criekTpaabHbIe
COCTABJISIOLINE OOBIYHO TIPYNIIUPYIOTCS BOKPYT TApMOHMYECKUX COCTABISIOLIMX HCKAXECHUH,
TrZIe OHU C OOJBIION BEPOSTHOCTBIO MOTYT OBITh NCUXOAKYCTHUECKH 3aMacKHPOBAHEI.

Jnis ynydiieHus 3BYYaHHs M3JIOM IE€pEeJaTOYHOM XapaKTepUCTUKU JIOJDKEH OBITh Oolee
rmaakuM.  JlJis 3TOro mMHOrnIa mepeAaToyvHas XapaKTepHCTHKa KOMIPECCOPOB M AKCHAHIIEPOB
CIHELUAIBHO CIIIAKHUBAeTCsl, 4TOObl B HEeW He ObUIO OCTpBIX YriaoB (puc.2.18). DTOT pexum
HazbIBaeTcs soft knee wnu soft threshold (msarkuii nopor). Kommpeccop ¢ MITKUM HOpOTrom
HauYMHAeT HEMHOTO0 YMEHbIIATh YPOBEHb OrMOarolieil BXOJHOI'O CHUTHAja eIlle IO JOCTHUKECHUS
UM BEJIMYHHBI TTOPOTa.
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B pabore »skcmannmepa u reiira
BOXEH  MOMEHT  BKIIOYEHUS U
BBIKJIIOYEHHA. Jles10 TOM, YTO HU OJUH
- B npuOop HE MOXET MPOU3BOJIUTH

BKJIFOUEHUE U BBIKJIIOYEHHE HA OJHOM

\ U TOM K€ TIOPOrOBOM  YpOBHE.

‘\ CymectByer TaK Ha3bIBaEMbIi

5 wgopT Usx,gb  eucmepesuc . ITOT TEPMHH CIIEAYET

Jou- MOHUMAaTh Kak '"HeompeaeleHHOCTh"

i  "pa3dbpoc" Ha BepPTUKAIbHOM

y4acTKE€ KpHUBOM OSKCIIaHIUPOBAHUS.

Jns  oskcmaHaepa  MPOU3BOJAMTENH

YMEHBIIAIOT THCTEPE3UC 10

Puc.2.18. I1naBHelit nopor nepegaTo4Hoi GyHKIMU IPAKTHYECKH HE3aMETHOH Ha CiIyX

BEJIMYMHBL. Hpyroe JeJ0 c

JKCMaHIepaMHt, KOTOPBIE MOTYT pab0oTaTh, WJIM IPOCTO SIBJISIFOTCS TeTaMU. | eThI MOTYT UMETh

KaK MUHUMAaJIbHBIN, HE 3aMETHBIM Ha CIyX I'MCTEPE3UC, TaK M CIEIMAIBHO YCTAHOBJICHHBIN (B
cpenHeM - nopsaka 1,5 n1b) niau perynupyemslii TucTepesuc.

Jlesio B TOM, 4TO T€UTHl B OCHOBHOM HCHOJIB3YIOT JUIsl IOJABJICHMS IlIyMa B Nay3ax WIN JUIs
oOpe3aHusl JUIMHBI 3By4aHus, HaIIpUMep, peBepOEepallMOHHOTO XBOCTA. JKCIAaH/EP, PABHO KaK U
relT, B MOMEHT BKJIIOUEHUS U BBIKIIOYEHMs CO3/1al0T PE3KHil mpoBai ypoBHs curHaia. Kpome
TOT0, HEOOXOAMMO Yy4YecTh JIUHAMHUYECKHE OCOOEHHOCTH 3aTyXaHHs 3ByKa pa3iIHYHBIX
MY3bIKaJIbHBIX HHCTPYMEHTOB, OCOOCHHO ">KUBBIX". DTH OCOOCHHOCTHU 3aKJIIOYAIOTCS B TOM, YTO

9 69 -95 -45 -35 -25 15 Npyu  3aTyXaHWW, HalpuUMep, TUTAPHOW  CTPYHBI,

IPOMKOCTb €€ 3BY4aHHMSd TO YMEHBIIAETCSA, TO
| o yBenuuuBaercs. EcTecTBeHHO, B ONpeesIeHHBIH
[ MOMEHT, KOrja KoJiebaHusi TPOMKOCTH 3By4aHUs OymyT
- HaXOAUTHCS TI0 YPOBHIO B IpeJ/ieie YCTaHOBJIEHHOTO Ha
npubope MOpPOroBOro ypoBHs, TelT Ha4HeT "aeprarbes’,
[0 TO €CTh TO OTKPBIBATHCS, TO 3aKphIBaThCsA. B coueTanuu
L-50 € IpOBajJaMM ypOBHS 3BYKOBOI'O CUTHaja IedT cO37acT
HEYTO, 3Bydallee Kak IMpHu INI0XOM KOHTAKTEe WIH JPYruxX
HeroJsajKax B mpudope.

WNMeHHO 11 npeoTBpalleHns TaKoro SBJICHUS, KaK
"nepranpe"  JKcCmaHiepa/redTa M TPUMEHSETCS
"mpuHyauTensHeIi"  rucrepesuc  (puc.2.19).  On

Prc.2.19. I'nerepesuc nepesiatoumoit yCTaHaBJIMBAET JJIs MpUOOpa Kak Obl 1Ba pa3HbIX MOpora

ymxiuim cpabaTbIBaHMs, OJMH - I OTKPBIBAHUS, a JIPYTOM - IJIs
3akppiBaHus. Ilopor 3akpblBaHMs TpU 3TOM Ha HECKOJIBKO Jeruleln, onpeaesieMbIX
YCTaHOBJIEHHBIM THCTEPE3UCOM, HIDKE TMopora OTKpbiBaHus. Jlpyrumu cioBamMu -
SKCHAHJEP/TEUT OTKPBIBAETCS, TO €CTh MpPEKpallaeT OciabiieHue YpOBHS 3BYKOBOT'O CHTHAJIa,
IIpY ypOBHE CHUTHaja HECKOJbKO OoybllleM, YeM YpOBEHb 3akpbiBaHMs. B coueranum c
IIPAaBWJIBHO YCTAHOBJIEHHBIMM JUIsI KaXJI0M KOHKPETHOM 3alayd IOCTOSHHBIMH BPEMEHU
YCTAaHOBJIEHUS] U BOCCTAHOBJICHHS MPAKTHUYECKHM BO BCEX CIydasxX MOXHO TOJHOCTBIO
n30aBUTHCS OT TAKOTO HETIPUATHOTO SIBJICHUSI, KaK "nepranbe’ sKcranaepa/renTa.

Eme oaun mapameTp, BCTpedaroIIuics B Ipoleccopax JWHAMUYecKol o0paboTKH, - 3TO
3a0eporcka neped soccmanosnenuem (release delay wim hold). Dot mapamerp 3amaer Bpewms,
yepe3 KOTOpPOe HayMHAaeTCs CTalus BOCCTAHOBIIEHHUS IOCJE CMaja BXOAHOIO YPOBHS HIXKE
nopora. Jlpyrumu ciaoBaMM, S3TOT IapamMeTp IMO3BOJIIET OTJIOKUTH BOCCTAaHOBJIEHHE Ha
HEKOTOpO€ BpeMs. DTO MOXKET ObITh IOJIE3HO, KOTJa IMPEBBIIIEHUS MOpOora B CUTHAlE UAYT
NEPUOIMYECKH, JAPYT 3a IpyroM. B aToM cityuae 3ajiep:kka BOCCTAaHOBJICHHUS TIOMOXKET U30€KaTh

Ueblx, oB
F

|
+

Threshold

Hysteresis

--60

F-100
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IIOCTOSIHHOTO ~ IEPEKJIIOUEHUSI  KOMIIpEeCccopa MEXKIYy PpEKUMaMu  YCTAaHOBJIIEHHS U
BOCCTAHOBJICHHS M YMEHBIINUTh N3JIOMAHHOCTh Orubarouieit koadduirenrta nepegayu.
Komnpeccops! 1 3kcnanaepsl B MPUHIMUIE UMEIOT HETMHEHHYIO MepelaTOYHyI0 (YHKIIUIO,
MO3TOMY Ba)KHO 3HATh KAaKOM XapaKTep MMEIOT HeJMHEIHbIe NCKaKEHUs, W KaK OHU 3aBUCAT OT
NUK-(paKTOpa CUTHANIAa U BpeMEHHBIX mnapameTpoB DP. Ecau onste npuHATH B KadyecTBe

1 Left Channel

110 [ x| x|
2 0.09663 %
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Puc.2.20. 3aBUCHUMOCTbH CIIEKTPOB CUT'HAJIOB OT aMILTUTYAHON MOIYJISIMH U

JUHAMHYeCKOH 00paboTku (dacrora curHana 1 x['m, rayouHa moxysmsun +10

ab)
MOJIEJIN HE KOMIIPECCUPOBAHHOTO 3BYKOBOTO Koyiebanuss AWM curhai, TO €ro CIeKTp UMEeT
BHJT OOKOBBIX TIOJIOC OKOJIO OCHOBHOM 4acCTOTHI 3ByKoBoro curHana (puc.2.20). ChexTp momnoc
JUCKPETHBIM U ONPENENSeTCS 4YacTOTOM IOBTOPEHUS IMKOB 3BYKOBOI'O CHTrHaia. Tak Kak ora
yacToTa KpailHe HU3Kas, TO (DaKTUYECKU CIIEKTP SABJISETCS CIUIOUIHBIM. ['OBOPUTH B ATOM ciiyyae
O TapMOHMYECKHX HCKWKEHUSIX  WIM HHTEPMOIYJSAIMOHHBIX MCKAKEHHAX B OOBIYHOM
MMOHUMAHNUN JSTUX TEPMUHOB HEJb3s, TaK KaK 3TH IOHATUS OTHOCATCS K CTallMOHAPHBIM
NepuoIuYeckuM  (QyHKIUsAM. D10  HOpManbHbli crnektp AWM curnana. Ilpu paGote
JUHAMUYECKOIO IMpolleccopa  HEJIIMHEWHBIE HWCKAKEHHWS ~ BO3HUKAIOT TOJIBKO BO BpeMs
NEPEXOAHBIX MPOIECCOB, OHU HOCAT UMITYJILCHBIN XapaKTep U MOTYT OBbITh CIIBIIIHBI.

[Tpu pabote kommpeccopa NHUK-PaKTOp YMEHBIIAETCA U B UA€aIe aMIUTUTYAHAsT MOAYJISIIHS
MOKET OBITh yYMEHbBIIEHA CKOJIBKO YTOJHO OJIM3KO K HYJIO, YTO, €CTECTBEHHO NPUBEAET K
MOJIHOM TpaHC(OpMAIMH CIIEKTPa, TaK KaK MCUYE3HYT OOKOBbIE MONOCHL. CleayeT 0KUAaTh, 4TO
pabota Kommpeccopa JO0JKHA YMEHbIIATh «UHTEPMOAYNIALMOHHBIe» HcKakeHUs. [Ipu pabote
3KCHaHepa NHK-(aKTOp yBEIWYUBAETCS, TIyOMHA AaMIUIUTYIHOM MOIYJSIUU BO3pacTaer,
MIO3TOMY «MHTEPMOIYJISLIUOHHBIE)» UCKAXKEHUS JOJIKHBI BO3PACTATh.

B T1abn.2.1 mnpuBeneHsl pe3yiabTaTbl U3MEPEHUN MPOAYKTOB HEITUHEHHBIX HCKaKEHUH B

Ta6m. 2.1. penakrope SpectralLab ams  AUM
Pexxum paboThl Ty,mc | Te,mc | IMD,% | THD,% | cprHana ¢ gactoi 1 k' u FJ‘Iy6I/IHOI71
Hert monynsuuu 0,07 0,008
+
EcTth Monyasus 9.97 0,089 MOZYIALMH 15 #b, y Koroporo
Biutiouen kommnpeccop | 100 200 9.97 0,097 | AIHTEIBHOCTh MMITy/IbCcOB paBHa 200
0 200 8.62 0,079 MC, a IEPHOJ] MOBTOpEeHUs paBeH 2 1.
Bxirouen OKCIIaHACP 100 200 15,6 0,08 I/I3 T36J'H/IHI>I BI/I,HHO, qTO
0 200 12.3 0.08 rapMOHHUYECKUX HCKaKEHUM
MpaKkTUYeCKH  HET, 4YT0 W  cluemoBaio  oxujgate. Camas  Oomplnas — BEJIMYMHA
CUHTEPMOAYJALMOHHBIX»  HMCKAKECHHUI y AWM curHana, oOHa yMEHbIIAeTCS MpHU

KOMIIPECCUPOBAHUH W BO3PACTACT IMPU HCIIOJIB30BAaHWU JKCIIAHACPA. VmMmenbmieHne BpPEMCHU
YCTAHOBJICHUS TPUBOIUT K HC6OJ'H>]J_IOMy YBCIIMYCHUTIO HCKaXEHUIl B KOMIIpECCOpE H
SHAYUTCIIBHOMY HUX BO3paCTaHHUIO B SKCIIAHACPE.

Yacmomnas xapakmepucmuxka JAHAMHUYCCKHUX IIPOLCCCOPOB B OOJIBIIIMHCTBE CJlIy4dacB
muHetHa. TollbKO B CIICHUAIM3UPOBAHHBIX HpI/I60an Al PEUYCBBIX CUTHAJIOB HMECTCHA
BO3MOXXHOCTb 00€CICUUTH YBCIUYCHUC CTCICHU CXAaTusd B HHU3KOYACTOTHOM 00JIacTH JJIA
CHMXKCHHA B pPCEUYM TYJIKOCTH WA <<6y6HeHI/I$[>>. I/IHOF)Ia HGO6XOHI/IMO YMCHbIIATh CTCIICHB
CiXKatusa peunu B BBICOKOYACTOTHOM 00JIaCTH BO U H30eKaHHUE MOAYCPKUBAHUS MIUIAIINUX H
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CBUCTSIINUX COTNIACHBIX. CyIIECTBYIOT MHO2ONOIOCHblE OUHAMUYECKUE NPOYUEeCcCOpPbl, B KOTOPBIX
CXaTHE OCYIIECTBIIACTCS UHIUBUIYAIBHO B KOXKJI0W 3BYKOBOM MOJIOCE.

2.5. Auroputmsl padoThl IMHAMHYECKOI0 Ipoueccopa
Hunamuueckuii  npoyeccop omHocumcs K pecyiamopom npsamoco  oevcmeus. Ero

(GyHKIIMOHATbHAS CXeMa, TpuBeAeHHas Ha puc.2.21 , comep>KUT JIBe 1eNU — OCHOBHOM KaHal U
LIETb MPSIMOTO YIpaBJiIeHUs. B OCHOBHOM KaHajie BXOJHOW CHUTHAII 33/ICP)KUBACTCS HA BpeMs

U(j)in U(_] - D) U(j)out

- 3anepixka

Lin (dB)

Ly,Le,Le,Ly, T,
Ulpeak U(j)rms £(j) ¢

Ll [epeme | gl log, [ Hy [ 26 [ Hg
D Slasc,se,sn ?TB

Puc.2.21. ®yHKroHanbHas cxeMa IMHAMHUYEeCKOTO Mpoiieccopa

D, 3agaBaemoe 4mucioM BbIOOpOK. HeoOXoauMMoCTs BBEJCHHUS 3aJEpP)KKH CBS3aHA C TEM, YTO
IpU JIUHAMHYECKOH 0O0paboTKe Bcerja yrnpaBiSIONIUN CUTHAN 3ama3/blBacT MO OTHOIICHHUIO K
BXOJHOMY. DTO TpPEXJE BCErO0 CBS3aHO C TEM, YTO B MMM YIPABJICHUS TPOU3BOIUTCS
BBIUUCIICHHE CPEIHEKBAJIPATUYECKOrO 3HAUCHHs HANPSIKEHUS C BPEMEHEM HMHTETpaluu OKOJIO
50...60 mc.

Kpome Toro, mist mnosliieHust >gdexTuBHocTH  pabotel DP  HeoOxomumo, 4YTOOBI
M3MeHeHne Kord@ulueHTa nepesayd HayMHAJIOCh HECKOJIbKO paHbllle, YeM MOoJIbeM (cran)
orubaromiell 3ByKOBOTO CHUTHAJIa CPaBHIETCS C YCTAaHOBJICHHBIM MOPOTOBBIM 3HaueHHEM. Takas
GyHKIMS UMeeTcs MOYTH y Bcex coBpeMeHHbIX DP moj HazBanueM look-ahead. llpuBenennas
cxemMa MOJKeT paboTaTh Kak JUMUTEP, KOMIIPECCOp, SKCIaHAep WIH I'e|T, a IpU HEOOXOIUMOCTH
BBITIOJTHATH BCE ATH (DYHKIIMH OJTHOBPEMEHHO.

B 3aBucumoctu ot pexuma pabotsl DP B menu ympaBieHus NpOM3BOIMTCS M3MEpEHHE

mukosoro U (J) peak WA CPETHEKBAIPATUYECKOrO 3HAYEHUI U(J)ms BXOTHOTO HAIpsKEHHs, a

3aT€M BBINOJIHAETCS JorapuMHUpoBaHue 1O ocHoBaHuio 2. B Onoke Hg dopmupyercs

MaTeMaTH4ecKas MOJIeNIb  CTaTMYECKOW TepelaTOYHON  XapaKTepUCTHUKH, 3a/JaBaeMoi
napaMeTpamMu Wwin B rpadguyeckoil ¢opme Ha aucmiee B gorapudmuueckoM macmrade. Korga
Ha JHCIIJIee PUCYeTCs MepefaTovHas (GyHKLUS B 3TOT OJIOK aBTOMATUYECKH BOISATCS JaHHBIE O

noporax paGoThl IMMHUTEPA, KOMIpeccopa, sxkcnanaepa u reira ( Ly L. L, Ly, ), a Taxxke nannble o
KPYTU3HE MEPENaToHo XapakrepucTuku (S, S, S,, S, ) BbIlle (MM HUKE) ITUX TTOPOTOB.
Onepanus anTUIOrapuMUpPOBaHuUs BhINOJHAETC B Onoke 20 . Ha BhIXOme sToro 6ioka
dopmupyercs  ynpapistommii curnan f (J), cOOTBETCTBYIONIMIT CTATHYECKOW MEPENATOUHOM
dynkuuu. B 6moke ;7 1O 3a7aHHBIM 3HAYEHUAM BPEMEHM YCTAHOBIEHMS Ly M BpeMeHH

BOCCTAHOBJIEHUs. 1y (OpMHpYeETCS MaTeMaTUyecKas MOJENb JMHAMHYECKON MepenaTovHoi

byHKIMU, KOTOpas ompenenser (GopMy ¥ JIUTEIHHOCTh NEPEXOJHBIX IMPOIECCOB  IPH
YMEHBIIEHUH U YBETUUYEHUH KO3 PUIMEHTA ITepeJayu.

B yMHOXWUTee OCHOBHOrO KaHajia IOJ JAECUCTBHEM YIPaBJISIOLIErO0 CUTHala g(Jj)
dbopMupyeTcss TUHAMUYECKH O00paOOTaHHBIM BHIXOJHOW CHUTHAT
UDour =g(NW(j-D), (2.6)
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rae/ - TeKymui HOMep BHIOOpKHM. B norapudmuueckom macmrabe omepamuds yMHOKEHHUS
3aMEHSIETCS OTEpalMii CyMMHUPOBAHMs CTATHYECKOTO curHana yrpasienus G(dB) ¢ Bxomabim
curnainom L;, (dB)
Lout (dB) = Lin (dB) + G(dB) . (2.7)
Cmamuueckas nepeoamounas xapaxmepucmuxa DP onpenenser 3aBHCHMOCTb MEXIY
BXOJHBIM M 33JaHHBIM BBIXOJHBIM M  ypoBHAMH. C ee NOMOUIbIO pPacCUMTHIBACTCS

cmamuyeckas — pe2yiuposounas —xapakmepucmuxa (puc.2.22.), Kotopas onpeensieT
L;,(dB) - L;,(dB) -
-80 —60 =40 =20 0 =80 —-60 -40 =20 0
T T N T
! | ! ! ! Te | Lo~k
| I I
| : | I, | L,
1 } =20 | -
| : Ny | 20
[ | C [
| | |
| |
: -40 -40
| |
| Lé |
| |
| 60 |
1 - T _60
74 |
|
| |
L
-80 L -80
/ L,
G(dB)l1
Lout (dB) 1

Puc.2.23. Cratuueckas peryaIupoBoYHas

Prc.2.22. Cratndeckas nepe1aTo4Has XapaKTepUCTHKA THHAMHUYECKOTO IIpoIieccopa
XapaKTePUCTHKA TUHAMHYECKOTO IpoLieccopa

3aBHCHMOCTh YPOBHSI YIIPABJISIFOIIETO CHTHAJIA YMHOXUTeNss DP oT ypoBHS BXOJHOTO CHUTHAJIA.
[To Heil xe ompenensercss CKOPOCTb U3MEHEHUS PEryJIHUPYIOIIEro CUTHajda B 3aBUCUMOCTH OT
CKOPOCTH HapacTaHUs WIH Cliaaa orudaromieil Ha Bxoae DP.

Hapuc.2.22 wu2.23 mnpuBeneHsI CIOXKHBIE IO PopMe cTaTUYECKUE XapakTepuctuku DP,
KOTOPBI BBITIOJIHSET Bce BO3MOXxHBIe (pyHkunu. Ecnu mopor He 3aman, ko3hPHUIHEeHT nepenadu
BO BCEM JMANa3oHe BXOJHOro curHana paseH 0 16 u yposens ynpapmsomero curnana G(dB)
takke paseH 0 1b.

B peoicume komnpeccopa A BXOAHBIX CUTHAJIOB C YpOBHEM OruOaroiieil BbIIIE C Topora
L. xoobpupenT nepenayn CKa4KOM yMEHBIIAETCS 0 3HAYEHHS, ONPENEIAEMOro rpaGukom, u
Janee OCTaeTcs MOCTOSHHBIM 70 ypoBHS MuHyc 10 nb. Ilpm 3TOM ypoBeHB ympaBIIsFOIIEro
curiana G(dB) muneiino ymensimaercs ¢ 0 1o munyc 10 ab.

B peoicume numumepa 1J1sl BXOAHBIX CUTHAJIOB ¢ orubaromieii Boiuie nopora L; koadduuent
Iepeaadyn CKauykoM yMEHbIIAeTCcss 10 moporoBoro yposHs mMunyc 20 nb. IIpu 3ToM ypoBeHb
ynpasausontero curnana G(dB) nuneiino ymenbmaercs ¢ munyc 10 10 munyc 20 gb.

B pesicume sxcnandepa Ui BXOJHBIX CHTHAJIOB C YPOBHEM orubaronieit Huke mopora Le,
paBHOTO Ha pHC. muayc 50 nb xoaddummMeHT mepemadyrd CKavykoM — yMEHBIIAeTCs [0
3HAYEHUS , 3aJaHHOTO TpapHUKOM, U Jjajiee OCTACTCs MOCTOSIHHBIM J0 YPOBHS BXOJHOTO CUT'HAja
munyc 70 nb. Ipu 5TOM ypoBeHb ynpasisiomero curaana guneiino  G(dB) ymenbmaercs ot 0
no munyc 80 nb.

B peoscume 2etima  JUIA BXOJHBIX CHUTHAJIOB C YPOBHEM Oruaromeil Hwke mopora Ly,
paBHoro no rpaguky Mmunyc 70 nb xo3ddunueHT nepesadn CKaykoM YMEHbIIAETCS 10 MUHYC
0 MIPOMCXOAUT OTcedka mrymoB. IIpu sToM ypoBeHb ympasistoiero curnana G(dB) raxxe
CKauKOM YMEHbIIAETCS 0 MUHYC O€CKOHEYHOCTb.
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U3 rpaduka Ha puc. 2.22  MOKHO MOJTYYUTh pacdeTHbIE POPMYJIbI JUIsl KPYTHU3HBI HAKJIOHA
nepeaaroyHor GyHKIMU S B pasIUUHBIX pekuMmax pabotsl DP (1a6m.2.2.). B mporpammHbIX

Ta6m. 2.2. MPOJIYKTaX OOBIYHO 3amaeTcs KOd(QPUIIUSHT

Pesxumel Kpyrusua Koapduument KOMIIpecCUU R , KOTOPBIHA CBS3aH C KPYTU3HOU
KOMITPECCHH S W YIJIOM HakKJIOHA TepelaTOYHON (YHKIUU

Jlumurep S=1 R=o0

Kommpeccop 0<S<lI 1<R<o B paBeHCTBOM

JInnelnpin 0 R=1 R= 1/(1 _ S) = tan B

DKcnaHjaep -0 <5 <0<0 O0<R<l1

leliT §=-o0 R=0

Tanrenc yrijia HakjioHa MOXKCET OIpPEACIAThECA
KaK OTHOIICHUC KaTCTOB MPAMOYT'OJIBHOI'O TPEC-
YIr'oJIbHHUKA, II0O3TOMY OH YaCTO 3aaac€TCsAd B BUJC,

Tabn.2.3. Hampumep: 2:1, 1:1 u Tak nanee.

Y S—— Dy peryauposania, b Hcnonb3yss 3TO paBEHCTBO, HECIOXKHO
3ammcarhb AHATUTUIECKUE BBIPKEHUS

Jlumurep G, ==8,(U;, = L) +S.(L. — L) nepeoamounotu ¢gynxyuu DP. Hanpumep, mis

Kommpeccop G, =-S,(Uy, - L) YHCTO KOMIPEccopa OHO Oy/IeT UMETh BUJL

JluHeinbIi Gy, =0 1 .

Oxkcnangep G,=-S,(U;,, - L,) To =L, +D_ Wi = L) Uiy > L

LeiiT G, ==S,(U;, —=L,)+S,(L, - L,) Nmenno atoii ¢GyHKIMEH OyIeT OMUCHIBATHCS
aMIUIUTy/IHas Orubaromiasi BRIXOJIHOTO CUTHAIa

DP.

Peanuzamuss  3aJaHHBIX MepedaTOYHbIX  (QYHKIUN  OCYIIECTBISIETCS C  IOMOIIBIO
YIIPaBJISAIONIETO CUTHAJA. PacueTHble (OPMYIIbI, MO KOTOPBIM MPOLECCOP BBIYUCISAET (PYHKIHH
perymuposanuss G(dB) B norapupmudeckoM MaciiTabe npuBeaeHbl B Ta61.2.3. Onepauus
aHTUJIOTapu(PMHUPOBAHUS OOBIUHO MPOU3BOIUTCS C ITOMOILBIO TaOJIHII.

Aneopumm pabomul nuxosozo demexmopa mosicHseTca puc.2.24. B 3Toll cxeme NHKOBOE

Ui U(in| UG peak

|-
Ll

e

Puc.2.24. Axroput™m paboTBI MUKOBOTO ETEKTOPA JHHAMHYECKOTO MpoIieccopa

SHAYCHUC OIPCACTIACTCA IO ITOJIOKHUTCIBHBIM W OTPHULATCIbHBIM 3HAYCHUAM HAIIPAKCHUA 3C,
IMO3TOMY B ooke R2 OCYHICCTBJIACTCA ABYXIOJTYIICPUAHOC BBIIIPSAMIICHUC. I[anee B CyMMaATope
IMPONU3BOAUTCA CPAaBHCHHUEC BXOAHOI'O CMIrHajia C BBIXOJHBIM, 3aJICPKaHHBIM HAa OAWH TaKT. Ecimm

pxoanoit  curman  Gombmie U(Dpeak  dopMupyeTcs  pasHOCTHBIH — CHTHAN,  KOTOPBIiA

MaTeMaTHYeCKH 00pabaThIBaeTCs C UCHoib3oBaHueM koddouimentos Ki, u Kyp, koTophie

CBsA3aHbI C BPCMCHEM YCTAaHOBJICHHA U BOCCTAHOBJICHUS.
AJ'IFOpI/ITM BBIYHCJICHHA ITMKOBOI'O 3HAUYCHH A HAIIPAKCHUA B ,HI/ICerTHO—BpeMeHHOﬁ obnactn
OMpeaAcIACTCA PaBCHCTBOM

U(j)peak = (1= Kyqg = Kp)W(j _l)peak +Kq [ll](j)| . (2.8)
[lepenatounas (QyHKIUS HMMKOBOIO AETEKTOPAa PACCUUTHIBAETCs B (hopMe Z mpeoOpa3oBaHUs
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K1q
—(1—- - -1
I=(1-Kyq —Kyp) 2
Aneopumm  usmepenus — cpeoOHeKeaopamuyecKko2o  3Ha4enus — HANpsHKEHUs CHUTHala
nosicusiercss  puc.2.25. B oroit cxeme koddpdunuent K,y onpenensercs NPUHATHIM BPEMEHEM

H(z)= (2.9)

yCpelHEeHHs. OTO BpeMs Yy Pa3IUYHBIX NMPOU3BOAMTENEH OOOpYJOBaHUS pa3HOE, MO3TOMY

U(Drms
>

Puc.2.25. Anroput™ paGoTHI A€TEKTOpa CPeTHEKBAAPATHUCCKIX 3HAUCHHH (rms)

OTJIMYAKOTCA U PE3YJIbTAThI HSMepeHI/Iﬁ. Yamrie Bcero oHo paBHO 50 mc. AJ'IFOpI/ITM BBIYMCIICHUA

CpeI[HeKBaI[paTI/IIIGCKOFO 3HAYCHUA Hal'[prKeHI/Iﬂ B )II/ICerTHO-BpeMeHHOﬁ O6HaCTH
Ol'[peI[eJ'I}IeTCH paBeHCTBOM
} _ . 2.
U(])rms _(1_Kmd)mj(]_1)+Kmd i (])rms' (2.10)

[lepenatounass (GyHKIUS  JETEKTOpa CPEIHEKBAAPATHUECKUX 3HAYCHH pPACCUUTHIBACTCS B
dbopme 2z mpeoOpazoBaHUS

H(z)= i . @2.11)
1=(1=Kppg )&
ﬂuHaMM'iec’“lﬂ nepe()amow-laﬂ ¢yHKI4Mfl OmnpeacisICTCA MNCPEXOAHBIMU IMPOLECCAMU,
BO3HHUKAOOUMEC IIpU BXOAC W BbIXOAC U3 PCTYJIUPOBAHHA. Kaxk HU3BCCTHO, IMPOHCCCHI
YCTAHOBJICHHA W BOCCTAHOBJICHUS B AHAJIOTOBOU CUCTEME ONUCHIBAIOTCSA (1)yHKIII/I$[MI/I

g=t o g=1-¢""",
rae ! - Texymee Bpems, U - IOCTOsIHHAsI BpeMeHH. [Ipu 3TOM IIUTENBbHOCTh YyCTaHOBJICHUS U
BOCCTAHOBJICHHs OIPEIENIAIOTCS KaK MHTEPBAJIbI BPEMEHH, 3a KOTOPOE HAINPSHKCHHE CUTHAJIA
MeHsercss B npexpenax or 0,1 mo 0,9 or makcumanbHOro 3HaueHue. M3BecTHO, 4TO Bpems
MIEPEXOJTHOTO IPOLECCa CBA3AHO C IIOCTOSHHOM BPEMEHU PAaBEHCTBOM
te =2,21,
[Tpu mudpoBoit TuHAMUYECKOH 00pabOTKe MMITYIbCHBIM OTKJIHMK B AHCKPETHO-BPEMEHHOM
00JTaCTH TUHAMUYECKOH TepelaTOYHON (QYHKIIUH MOKET OBITh TIPEICTABIICH B BUJIC

. . —-i/ 1
gl f)=e(jl f)-e ST =1-24,  (212)
TIC Zy, = e_l/f st D10 PaBEHCTBO MO3BOJISIET MOIYYUTh PACUETHYIO (hOpMyIy Ui epeaaTOuHON

¢Gyukuuu 6noka Hy B popme Z - mpeobpazoBanus

-1
(1-z4)z
H(z)=——. (2.13)
(1=-2zyz l)
(o0}
Pe3kue wu3nomMel nepenaTtoyHON XapakTepucTukn DP  co3maloT  3HAYMTENbHbBIC

UHTEPMOYJISAIMOHHBIE MCKaXEHHs, I09ToMy B Onoke Hy dyacto ocymectBisercs
cruaxupanue  ympasisiomed (yakuuun g(J). DTO OCyIECTBIAETCS  IIyTeM YCPEIHEHHs
sHaueHuit ko>purmentos Ty u Ty Jlns 9Toro NpousBoauTCs CpaBHEHHE TPEIBLIYIIETO U

TEKyIIero 3HadyeHui. MareMaTu4eckn airopuTM pacdeTra NeperaTouHor (yHKIUU g(j)
3aIKChIBACTCS B BUJIE

g =01-K)G-D+KT()). (2.14)
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Orta nepenarodynast QyHKuus B popme z mpeodpazoBaHus
K
H(z)=———. 15
1-1-K)"! (15)
B stux dhopmymnax nox kodgdurpieHToMm K TOHUMaTCs KO HUITUEHTBI K'[@aK'[y .

ITpu BBeneHuM B anroput™ padotel DP BpemeHHOI 3aaepxkun D B €ro BBIXOJHOM CUTHaJIE
BO3HUKAET IIPOBaJl B Haydaje Ka)J0ro LuKia peryiaupoBaHus (puc.2.26.). B coorBercTBUU €
IPUHIUIIOM paboThl KOMIIpeccopa IMpOBajbl BOZHUKAKOT U B CEPEIUHE KaXKJOr0 LKA paboTh

Puc.2.26. BoixoaHoli curaan Mmakcumamnsepa

IIpU TIEPEXo/ie U3 PeKUMa YCTAHOBJICHUS B PEXHM BOCCTaHOBIEHUS. [ 7TyOMHA 3THX NpOBajoOB
OIpeNeNIAETCs] BEITMUMHON KOMIIPECCUH, YEM OHA 0OJIbIIe, TEM MPOBAJ IIIyOxKe.

[IpoBanbl OKa3bIBAIOT 3aMETHOE BJIMSHUE Ha KadeCTBO JUHAMUYECKOH 00pabOTKH TOIBKO
npu OOJIBIIIOM BPEMEHHU YCTAaHOBJIICHMs/BOCCTaHOBIEHUs. Ha ciiyX OoHM BOcIpHHHUMAaeTcs Kak
IIPOBaJI TPOMKOCTH (BBINAZEHNE), IPOKAHUE TPOMKOCTH.

2.6. [IpumeHeHne TMHAMUYECKUX POLIECCOPOB

Jlumumep TIpeAHa3HAuUEH Ui 3aIIMTHI MOCIEAYIOIIUMX Y3JI0OB TpakTa OT IEPErpy3okK,
TMOOBIX, Jake camblix Majbix. C 3TOM 1eNbI0 OH cpe3aeT Bce MUKU (POHOrPaMMBbI BhIIIE TOpora
orpannueHus. [IpumeHeHHe AMMHUTEpa MO3BOJSET MOBBICUTH YPOBEHb 3allMCH HAa BEIMYUHY,
paBHylo Tmopory. Ilpu sTomM mocTturaercsi yBelndeHHe TPOMKOCTH 3By4aHHsl (JOHOrpaMMBbI Oe3
BHECEHHMsI KaKHX JHOO M3MEHEHHH B 3BYyK. B jmMuTepe Bcerja MCMosib3yeTcs MUKOBBIM METO[

Ta6n.2.4. Ilpecerst BlueMax

ITopor OtHoWIEHUE Ty Ty ITopor OtHoUIEeHNE Ty Ty
Yorcal —Bokan Keyboards —kiaBHUIIHBIC HHCTPYMEHTBI
Soft -8,2a6 1,51 0,002 nc 38 ne| Piano -10,8 06 1,901 108 we 112 ne
Medium -3,3a6 2,8:1 0,002 no 38 no| Synth -11,9 06 1,51 0,002 mc 85 no
Screamer -1,1 a6 3,6:1 0,002 mc 38 me| Orchestral 3,386 251 1,8 nec S0 me
Perc —ydapHBIC HHCTPYMCHTBI Stereo —crepeo
Snare / Kick -2,1a6 351 78 wmc 300 mc| Stereo Limiter 5506 7,1:1 0,001 mc 98 Mo
Overhead -G,z a6 1,311 27 mc 128 mc| Contour -134 06 1,21 0,002 mc 182 mc
Fretted —CMBIYKOBBIC HHCTPYMEHTHI Effects —3BYKOBbIC 3()(EKThI
Electric Bass -44 06 2,601 457 Mc 189 Wc| Squeeze -4,6 06 Z,4:1 7,2 Mc 93 MC
Acoustic Guitar -6,306 34:1 1588 mc 400 Mc| Pump 0aB 1,91 1 wmc 0,001 mc
Electric Guitar 0,1a6 241 26 M 194 mc

u3Mepenus: HanpsokeHus. OH 00bIdHO paboTaet ¢ ko3 duimenTom kommnpeccuu 6ombire 10.

s Toro 4yroObl yOupaTh Bce Y3KHME MUKHA U MPOBaJbl Orudaroiieil 3ByKOBOTO CHUTHajia
BpPEMEHS yCTAaHOBIICHHUS BbIOMpaercs Omm3kum K Hyro (1...10 Mkc). Bpemsi BoccraHoBIEHHS,
kak mpaBwio, He mpesBbimaer 100...130 mc. Jlumutep, Kak U MakKCHUMai3ep, MOXKET JIETKO
«yOUTB» MHKpPOJUHAMUKY (POHOTPAMMBI. Pekomenyemble mnapameTpepl JUHAMHYECKOMN
00pabOTKHU AJISl Pa3IUYHBIX MY3bIKaJIbHBIX HHCTPYMEHTOB, COJIbHOTO HCIIOJIHEHUS U JIUMHUTEpA
IIPUBENIEHBI B Ta0I1. 2.4.

Maxcumaiizep TpelHa3Ha4yeH MJi1 IMOMCKAa MaKCHMajbHOIO IHMKOBOIO YpPOBHSI BO Bcei
¢dboHOrpaMMe 1 HOpMaM3auu ee ypoBHs 10 munyc 0,1...0,2 1b. OH BKiItOYaeT B ceOsl JIUMUTED
U aBTOMATUYECKUU pEryiasTop ycuieHus. Ero mnpuMmeHsIOT Ha 3aKIOYUTENBHOM 3Tare
MacTepuHra. ECTECTBEHHBIM  OTpaHMYEHUEM  IPUMEHEHHMs] MaKCHUMaW3epoB  SIBIIETCS
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HEOOXOIMMOCTh OTCYTCTBHSI B (pOHOrpamMMe MUKOB C JUIMTENILHOCTBIO, NMPEBBILIAIONICH Bpems
BOCCTAHOBJICHHsI JIUMUTEpa ([0 YMOJIYAaHUIO, OHO, Kak MmpaBuio, paBHO 1 wmc). Ecim xe
JUTUTENTBHOCTh MHUKA 0OJIbIE, TO B MOMEHT CpabaThIBaHUS JIMMUTEPA BOSHUKAIOT TAPMOHUYECKHE
U, 4YTO CHI€ HCIPUATHEC, HHTCPMOAYIALMUMOHHBIC HCKAXKXCHUA OYCHb BBICOKOI'O YPOBHA H
LIMPOKOT0 CIIEKTPa, MPUHOCS B KEPTBY T'POMKOCTH 3BYYaHHUs aKyCTHUECKYIO IPO3PavyHOCThb
(hoHOTpaMMBI.

sonicfoundry’ | Wave Hammer

[™ ‘Bypass Yolume b aximizer Anf. ok 0.0
9,0 dB 0.0 de M Use longer lnok-ahead

Threzhold  Qutput lesel
[-E0to O dE) [-30ta 0 dB)

Releasze time [0t 1,000 mz): '—D

Compressor Yolume Maximizer CFU % [24-bit processing)

Puc.2.27. lnanoroBoe OKHO mapameTpuyeckoro Mmakcumansepa Wave Hammer penaktopa Sound Forge

Komnpeccop npenHazHadeH Ui COKpAIEHUs JUHAMUYECKOTo Auana3oHa 0e3 3aMeTHBIX Ha
CIlyX MCKaXEHUH KaK B YaCTH JUHAMUKU (OHOTpaMMBbl, TaK M HETUHEWHBIX HCKaxeHud. B
KOMIIpECCOpe, KaK IPABHIIO, U3MEPSETCS CPEAHEKBAAPATHUYECKOE 3HAYCHHE HAIPSDKCHUS, TaK
KAaK I'POMKOCTb CUJIbHEE CBsI3aHAa C MOILHOCTBIO CUTHAJIA, a4 HE IUKOBBIM 3HaueHueM. Takue
U3MEPEHMS CBA3aHBI C 3aTPaTOM BPEMEHH, ITO3TOMY PEAKIMs HAa U3MCHEHHs YPOBHS CHTHAJla HE

sonicfoundry” | Wave Hammer About 7
I™ Bypass Compressor dnf. k. 0.0
9,0 dB 1.0:1 00dE  Scanmode:
" Peak
RS

¥ Auto gain compenzate
¥ Use longer lnok-ahead

W Smooth saturation

Threzhald Ratio Output gain
[-60to 0 dB) [1:1 talnf:1] [-30 to 30 dB)

Atack time [Dto 500 msy [ ]

Releaze time [0 ta 1,000 ms]: '—D

Smart releaze [0 to 100); '—D

Compressor Wolume M aximizer CPU & [24-bit processing)

Puc.2.28. [lnanoroBoe 0KHO mapamerpuyeckoro komipeccopa Wave Hammer penakropa Sound Forge

MOXeET OBITh MEHbIIIE BpeMEHHU HHTerpupoBaHus. OOBIYHO KOAQHUIMEHT KoMmpeccun 2...5,
BpeMs YCTaHOBIICHHsI BBIOMpaeTcs B mpenenax 2...10 mc, a Bpems BocctaHoBneHust - ot 100 1o
1000 mc. /111 ymMeHbBIIEHUS 3aMETHOCTH MOMEHTA BKJIIOUSHHUSI MHOTHE KOMIIPECCOPBI UMEIOT TaK
HaszbBaeMblid "msrkmii mopor” (Soft Threshold), oGecneunBaromuii TUIABHOE BXOXKICHHUE B
PEKHM KOMITPECCHHU.

UeM HMKE YCTaHABJIHMBAETCS MOPOT OTPAHUYEHUS, TEM CHUJIbHEE CYXKaeTCs AUHAMHYECKHUI
JMana3oH ¥ TEM BBIIIE MOXKET OBITh YPOBEHB 3allUCH. JTO 3HAYUT, YTO OOJiee HU3KHE 3HAUCHHS
nopora MpUBOJAT K O0siee TPOMKOMY 3By4aHHIO poHOrpamMmbl. [1pu cymecTBeHHOM MOHMWKEHUN
MOpora OTrpaHHYCHHsI MOJHUMACTCS W YpOBEHb IIyMa W, ClefoBaTebHO, ymeHbmaercss SNR.
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BaxHo, 4TO mpM 3TOM CHMXKAeTCs OUHAMUKAa (OHOTPaMMBI, U B pe3yJlbTaTe IPOMNaJaloT
aKLEHThl UCIIOJHEHUS. Bpsii a1 NpusTHO ciaymaTh MY3bIKY WIH MECHIO, B KOTOPOW BCe€ 3BYKU
UMEIOT OJIMHAKOBYIO TPOMKOCTb.

[Ipy xommpeccuu 3BYKOBBIX CHUTHAJIOB OOBIYHO MNPeoOIalaloT UHMepMOOYIAYUOHHbLE
uckadcenus, WX BEIWYMHA MOXeT pocturatb 9...12%. I'apMoHMueckne  HeNMHEHHBIE
MCKaXEHHSI CYILIECTBEHHO MEHBIIE U, KaK MpaBuilo, UX BeauunHa He npesbimiaet 0,1... 2,5%. C
MIOHWKEHUEM II0pOra OrpaHUUYEHUs] UHTEPMOIYJISALNOHHbBIE
HEIMHEWHblE  WCKaXEeHWsT  pacTyT 1o  oOpaTHO-
9KCIIOHEHIIMAIbHOMY 3akoHy. [Ipu mopore -2 nb BenuunHa

riz

w

i HCKa)XCHUM yJIBAaWBaTCsA, a HauuHasg ¢ ypoBHI — 4 1b,

Ei nepecraeT yBenuuymBaThcs (puc.2.29). B OonbIIMHCTBE

=MD 1 | ,¥  KxoMmmpeccopoB HCKaKeHHs CTAHOBATCSA 3aMETHBIMHU Ha CITyX

i npu mopore orpannueHus Hike — 31b. TpeGyemoe Bpems
o ” YCTaHOBJICHHsS. M BOCCTAHOBJICHMS 3aBUCHT OT Xapakrepa
DKua&;q:.. J{imm{ipuﬁggmlﬁﬂﬁ * My3bIKaJbHOIO MaTepHaja, MO3TOMY HMX MOXHO U HYXHO

WU3MEHSTb.

Yem meHvuie 6pems yCMAHOBNEHUA/B0CCMAHOBNEHUS,
TEM TpOMYE MOJYy4aeTcsl Pe3yJbTUPYIOUIUMN 3BYK, HO TEM
Oosiee M3TOMaHHOMN TOJTyyaeTcs aMIUIMTYIHAs OTruOaromas
U TeM Ooibllleé BO3HHWKAET HWHTEPMOIYISIMOHHBIX HCKAKEHUH. OTH HCKaXEHHs OCOOEHHO
3aMETHBI, KOTJla B CUTHAJE MPUCYTCTBYIOT OacoBble TOHA OOJBIIOW aMIUTUTYABI C MEPUOJIOM,
0O0JIBIIKMM WIJIM PAaBHBIM BPEMEHHU BOCCTAHOBJICHUS.

Yem Oonvuie 6pems 80CCMAHOBNEHUs, TEM MEHbIIE HHTEPMOAYJSLMOHHBIE HCKAXKCHMS,
HaIpuMep, XpUl Ha OaCOBBIX HOTaX. DTH UCKa)KEHUS YMEHBIIAIOTCS, KOTJJa Ha BXOJ MOCTYIMaeT
NEPUOANYECKUNA CUTHAJ, C IIOCTOSHHBIMM, IEPHOAUYECKH CIEAYIOUIMMH IPEBBIICHUIMU
nopora. [Ipu 607b1110M BpeMEHN yCTaHOBJIEHUS KOMIpeccop OyleT MpOoIycKaTh KOPOTKHE TUKU
HarnpsOKEeHUs, MPEBBILIAIONINE TTOPOT, T.K. He Oy/eT ycleBaTh Ha HUX PearupoBarth.

B HekoTOphIX MOJENsIX KOMIIPECCOPOB €r0 BPEMEHHBIE MapaMeTpbl  a8momMamuiecKu
U3MEHAIOMCA B 3aBUCUMOCTH OT 4YacTOTbl M YpPOBHS BXOJHOIO CuUTHaja. B pesynbrate
BMEILIATENILCTBO KOMIIpeccopa B oOpaOaThiBaeéMblii CHUTHAJl CTAHOBUTCS Majo 3aMETHBIM.
JIMHaMUKa UCXOTHOTO MY3bIKAIBHOTO CUT'HAJIa MIOUYTH HE MEHSETCs, 3By4aHUue CTAHOBUTCS Ooliee
POBHBIM U MOLIHBIM 0€3 «IIEPOXOBATOCTEN.

Komnpeccopbl 4acTo HUCHONB3YIOTCS VIS NCUXOAKYCMUYEcKol 00padomKu 3BYKOBBIX
curHajioB. Eciau Ha BXoJ 1enu ynpaBieHus MO0JaTh CUTHAJ, IPONYLICHHBIN Yepe3 KBajaizep ¢
YaCTOTHOW XapaKTEPUCTHUKOW, OOpaTHOM KpHUBBIM  PAaBHOM TPOMKOCTH, TO AaMIUIMTYJa
YIPaBJISIONIEro CUrHana OyneTr Oojiee MpaBUIBLHO OTPaXkaTh PEaJbHYIO IPOMKOCTH OCHOBHOI'O
curHana. M ycTpoiicTBo auHamuueckoil o6paboTku OyneT mpu oOpaboTKe OCHOBHOTO CHUTHAJa
PYKOBOJICTBOBATbCS pPEaJbHOW TPOMKOCTBIO HMCXOJHOTO CUTHajla, a He ero ammutynoi. C
MOMOIIBIO TAKOT'O IIPHEMa MOXKHO 0oJiee MPaBIONo00HO PEryaIupoBaTh IPOMKOCTb.

[Toutn Bce KOMMpeccopbl UMEIOT CBOE coOcmeeHHoe 38yuanue (TEIoe, Mpo3padHoe,
rIIyXoe, ’HepruyHoe u T.A.). Hanmpumep, mepBble KOMIIpecCOpbI, IOCTPOCHHBIE Ha Jamiax,
SIBJISIFOTCSI TIPEIMETOM TTOMCKA M3-3a CBOEro MSTKOTO 3Bydanus. Kommpeccops! Tuma “threshold”
OTJIMYAIOTCA TI0 3BYKY OT KOMIIpeccopoB Tuma “‘soft knee” unu “over-easy”. Ckaxem, 0OObIUHBIIA
KOMIIPECCOp MCIONb3yeTCs JUIsl MPUIAHUS SHEPrHH 3BYYAaHUIO OTIEJIbHBIX HHCTPYMEHTOB;
JIAMIIOBBIN - [T TOTO, 4TOOBI ClleNaTh BOKal Oosiee TeIbIM; Mozens “soft knee” ncnonb3yercs
JUIs OOIIETo YIJIOTHEHHUS 3BYKa, TaK KaK HE U3MEHSET TOHAJIbHbIE XapaKTePUCTUKH (W 3TO HE
TaK 3aMETHO, KaK y JAPYrUX KOMIPECCOPOB). MHOIOMOIOCHBIH KOMIIPECCOP HAA0 MPUMEHSATH B
TeX ciy4asiX, Korja uaeT CBeJeHHE UM MOHTaX.

Jlegepen - 3TO KOMIPECCOpP C YCTaHOBJIEHHBIM HOPO2OM, PASHbIM — MuMyc  © B
norapudmuueckoil mkane nepeaarouHod ¢ynkuuu (0 — B jauHeiHoM mikane) (puc.2.30). B
TaKOM KOMIIPECCOPE H3MEPEHHUE YpPOBHS HAIPSHKEHUS MPOM3BOAMTCA C MOMOLIBIO JIETEKTOpa
CPEIHEKBAIPAaTUUYECKUX 3HAYECHHH, Yy KOTOpPOro IIOCTOSIHHas BpemMeHu jpocturaer 10 c.

Puc.2.29. 3aBucumocts
KO3 PHUIMEHTOB HETMHEHHOCTH OT
CTENeHH KOMIIPECCUPOBAHUS
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IlepenaTouHble XapaKTEpUCTUKU JIEBEPEIA HE UMEIOT M3JIOMOB, OHM JIMHEHHBI, Y HUX Ppa3HbII
HAaKJIOH U BCE OHU INIEPECeKaroTCsl B Havane KoopAuHaT. C yBeIMYEHUEM CTENeHH KOMIIPECCUU
TOJIKO YMEHBINIAETCS YToJl HAaKJIOHA NMEepeNaTouHOr (QYHKUUH. DPakmuuecku 3mo pecynsamop
VPOBHs - YCUIUTENb ¢ U3MEHSIEMBIM I10JIb30BaTeNeM KO GUIMEHTOM YCUIICHUS.

Ussix, 25 Jle-sccep  mpenHazHaueH IS JTMHAMHYECKOU
Ratio 1:1

4 {Usbic=Usx) O6pa6OTKI/I KCHCKHUX U MYXCKHX PCYCBBIX CHUIHAJIOB B

mato 21 BBIOpAHHOHM y3KO# mosioce auanazona ot 800 I'm mo 8

k[, He 3arparuBas Bcex OCTambHBIX yacToT. C ero
MIOMOUIBbIO IPOU3BOAUTCSA KOPPEKIHMSI pEYEBOrO CUTHAJIA

Ratio 4:1

| -

’7' o UB,:B B CiIy4asiX, Korja murnsame u cBuctsmue 3Byku ("C",

"q", "II" u T.1.) 0cOOEHHO MOIYEPKHYTHI — YOUparomcs

«yblkawve» U wenenaeocmvb  peyu.  Jle-accep

HCIIOJIBb3YIOT TaKxe JUISL "crnaxxuBaHus"

crepeopoHnyecKuX (OHOTpaMM, Ul CHIKEHHUS IIyMa

Puc.2.30. [epenatoumbie yHKimm CTPYH aKyCTUYECKUX T'HUTap W IIyMa AbIXaHUs IIPU UIpe
neBepena

Ha QuieliTe U Jake AJIs TOBBIIICHNUS KayecTBa 3ByYaHUs
Tapesok u 6apabaHoOB.

Jle-accep sABISIETCS MOJIOCOBBIM KOMIIPECCOPOM C MIABAIOWUM NOPO20M, Y KOTOPOTO B
LENUYIpaBlIeHUs BKIIOYEH OJKealau3ep C YHOPABIAEMBIM IO YacTOTE€ U YCHUJICHHIO
3arpakaarommM GuiasTpoM. [lopor onpenensercs: pa3HOCTHIO YpOBHEH 00pabaThiBaeMOW 4acTu
CIIEKTpa, C OAHOM CTOPOHBI, U BCETO OCTAJIBHOTO - C JIPYroil CTOPOHBI. Takoe MOCTpOoeHHE
o0ecnieurBaeT HOPMAJbHOE  (PYHKIIMOHUPOBAHME, HE3aBUCHMO OT aOCOJIOTHBIX YpPOBHEH
BXOJIHBIX CHUTHAJIOB. Jle-3ccep MOCTOSHHO aHAIM3UPYET CIEKTP BXOJHOIO CHUTHANa, M, €CIH
"BUINUT", UYTO YypOBEHb CHIHajJa B YCTAaHOBJIEHHOW II0JOCE MPEBBIMIAET JOIYCTUMOE
COOTHOUIEHHE €r0 U "BCEro OCTAIbHOI0'", TO OH YMEHBIIAET YPOBEHb CUTHAJIOB B 3TOM IOJIOCE
0 JOMyCTUMOM (YyCTaHOBJIEHHOW IIOJB30BaTENIeM) BEIWYMHBI. OKBajai3ep IMO3BOJISET
IIPOU3BOJUTH pEeryaupoBKy YPOBHs B npejaenax + 18 ab.

/le-nonnep otnanuaeTcsi OT Je-3Ccepa TOJIBKO TEM, YTO OH paboTaeT B HU3KOYACTOTHOM
obmactu cnekTpa, yOupas "mbixanbe" U OyOHeHHe. B ocTaqbHOM OHM NPUHIMITHAIBHBIX
OTJINYUH HE UMEIOT.

Okcnanoep, WCIONB3YyEMbII B aylIMOTEXHUKE, NpEIHA3HAYeH JUIsl  pacIlUpEHMs
JUHAMMYECKOTO JMara3oHa IyTeM YMEHbBIICHHS YCHUJIEHUS CUTHAJIOB HI)KE YCTAHOBIIEHHOTO
nopora 0e3 3aMETHOTO Ha CIyX CHIKEHHUS TPOMKOCTH M BO3HHUKHOBEHHUS HEJIMHEHHBIX
uckaxenuil. [Ipu ero pabote moBwIlIa€TCS OTHOIICHHWE CUTHAI/IIYM U YIydlIaeTcsl TUHAMHKA
¢donorpammel. Micnionb3yeTcst B CUCTEMaX LTYMOIIO/IaBICHHUSI.

[wnana3oH wm3meHeHus creneHu kommpeccunm otl : 1 mo 1 : 8, Bpemst ycTaHOBJIEHUS
BbIOMpaeTcs B mpenenax 2 ...50 mc, a BpeMs BoccTaHOBieHUs - oT 250 mc jmo 5 c. [na
YMEHbIIIEHUS 3aMETHOCTH MOMEHTA BKJIIOUEHHS] MHOTHE SKCIaHAEpbl UMEIOT TaK Ha3bIBaeMbIN
"MsIrkuit mopor".

l'eiim wHOTAA HWCHONB3YyeTCS NS TMOJAaBJIEHUS LIyMa B Tay3ax, HO HauOojiee 4YacTo
NpPUMEHSIeTCs MPH 3anmucu 6apabaHHOM My3BIKHM, YTOOBI OTIENUTH 3BYKH OJHHMX OapabaHOB OT
npyrux. Eciam cur’ayn, mOCTymaroIMid Ha BXOJA TIedTa, HUMEET JOJro 3aTyXarollyro
BOJIHOOOpa3Hyto (GopMy, TO MOCTOSHHOE MEepeMeHa YpOBHs CHTHajla 3BY4YHMT Kak "npebesr”. B
3TOM cllydae MPHUMEHSETCA 2UCmepesuUcmubvlll  uwymonooasumens. Jnana3oH HW3MEHEHHUs
MOpOroBOoro ypoBHs y reiroB ot “off” mo +10...20 nb. Bpemsi ycranoBneHus: BelOMpaercs B
npenenax 0.01...100 mc, a Bpems BocctanoBienus - 0,02...2 c.

MHorue reitel uMmeroT (GyHkIMIO "ducking” , mpu HCIONB30BAaHUM KOTOPOH BO BpeMs
OTCYTCTBMSI CUTHAJIa HAa YIPABISAIONIEM BXOJI€ TeTa OH OTKPBIT, a MOSBIIEHHWE CUTHAJA BBIIIE
YCTaHOBJICHHOTO TMOpOra MPHUBOAMT K €ro 3aKpbIBaHMIO. TakuMm oOpazom, co3faercss 0OpaTHBIN
OUHaMH4YecKui 3((exT, mpu KOTOPOM caMble TPOMKHE 3BYKH OCJIAOJSIFOTCS 10 YPOBHSI TUXHX.
DTO 4acTO MCNOJIB3YETCs HA PajuOCTaHLMAX. My3blka MJIET Yepe3 KOMIIpECCOp TeiiTa, a peyb
I-JIKesl — 4epe3  ympasiisiomyto 1nenb. Korga au-mpkeit HaunHaeT 601TaTh, TPOMKOCTh MY3BbIKU
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ABTOMATHUYCCKHU YMCHBLIIACTCA. I[aHHBII‘;I 3(1)(I)CKT MOKHO C YCIICXOM HNPUMCHATH U B 3allUCH:
HAmmpuMep YMEHbIIATh 'POMKOCTD KJIIaBUIIHBIX HapTI/Iﬁ BO BpEM IICHUA.

I'maBa 3. CnektpanbHas 00pab0TKa 3BYKOBBIX CUTHAJIOB
3.1. ®usnyeckue acCMeKThbl CNEKTPAJIbHOI 00pa0d0TKN 3ByKOBBIX CUTHAJIOB

CnexmpanvHble npoyeccopvl 38VKOS8bIX CUSHANO8 TIpelHAa3HAaYeHbl Ui U3MEHEHUsS TeMOpa
3ByKa MY3BIKQJIbHBIX WHCTPYMEHTOB U BOKAQJIbHBIX HCIOJHUTENICU IYTEM HPeOHAMEPEHHO20
U3BMEHeHUs e20 CHeKMpAlbHO20 COCMAasd B COOTBETCTBUU C XYAOXKECTBEHHBIM 3aMBICIIOM
3ByKopexkuccepa. [lpu cnekTpambHOM IpeoOpa3oBaHUU MCKAKEHUS MOTYT CO3/1aBaThCs B BHIIC
TapMOHHMK U CyOrapMOHHUK, KOTOpbI€ OTCYTCTBOBAJIM B HCXOJHOM  3BYKOBOM MaTepHale.
NckaxxeHns: MOryT BHOCUTBCS B 3BYKOBBIX MOJOCaX M JJisi OTHEJNbHBIX MY3bIKAJIbHBIX
MHCTPYMEHTOB WK colucTOB. OHM MOTYT CO37aBaThCsl U BO BCEM 3BYKOBOM auamnazose. [lpu
3TOM MOKET MEHSTHCS YACTOTHBIM U aMIUTUTYIHBIN COCTaB 00EPTOHOB MY3BIKaJIbHBIX 3BYKOB.

B otnuyme oT 4acTOTHO#M KOPPEKIIMK TeMOpa ¢ TOMOIIBIO SKBaJIali3epOB MPHU CIIEKTPATbHON
00pabOTKEe 3BYKOBBIX CUTHAIIOB CO30AOMCs 00epmMona (2apMOHUKU), Komopulx He 6bi10. Takum
o0pa3oM, CIEeKTpallbHOE MpeoOpa3oBaHUE- ATO NMPHHIMIHAIBHO HenuHelHwvll npoyecc. Takue
mpeoOpa3oBaHusl OCYIIECTBISIFOTCS JJISl CO3JIaHUSl XYIO0XKECTBEHHBIX 3(()EKTOB 3BY4aHHS, a
TaKkKe€ TIpPU PEeCcTaBpalldil CTapbIX 3aluceil, B KOTOPBIX OE€3BO3BPATHO YTEPSHBI BBHICIINE

rapMoHuku. Hepenko npuXoguTbCs HUCIOJIB30BATh CHEKTPAJIbHYI0 KOPPEKLUIO I
BOCCTAQHOBJIEHHMA  JUHAMHUKM MY3bIKM B OOJIACTM BBICOKMX 4YaCTOT, HapyLUIEHHOH Ipu
KOMIIPECCUPOBAHUHU.

[lpuMeHeHnEe CHEeKTpalibHOH OOpPaOOTKM B OTHOIICHWH MY3BIKQIBHOTO WHCTPYMEHTA II0
CBOCH MPUPOJIe HE UMEIOIIET0 0OEPTOHOB, MOXKET BBI3BaTh BEChMa HEOKUJAHHBIN U Yallle BCETO
HenpusATHBIN 3¢ dext. [lodToMy Takume mporeccoprl UMEIOT JOCTaTOYHO Y3KYIO cdepy
NpUMEHEeHHs. DTO CBS3aHO C TEM, YTO 3BYK 00OOTallaercss He TOJIbKO O00epTOHaMH, HO HU
JOCTaTOYHBIM KOJIMYECTBOM HHTEPMOAYJISIUOHHBIX COCTaBJISIONINX, KOTOphIE HE BXOIST B
FapMOHI/I‘-IeCKI/Iﬁ pdaa 3ByKa M YaCTO BOCIHPUHHUMAIOTCA HUCKIIOYUTCIBHO KaK MUCKAXCHUS.
Hepenkxo BO3HMKAET OMLIYIICHUE « TPSI3M» HA CPEIHHX YacTOTaX, a TAKKe HapylIaeTcs OajaHc

U(t);{Curnansras nens (Dry) 1
U(t)Out

JlnHamMuveckui Yewmrens —

P kommpeccop > »| Cymmarop >

aTTCHIOATOP

Llens cunTesaropa (Wet)
U(t)hrm

CunresaTop N Orubatormmas

— DOkBaai
9 3¢p rapMOHHUK TFapMOHUK

A 4

Puc.3.1. Anroputm cnektpaibHOl 00pabOTKH 3ByKa

MEXy OCHOBHBIM TOHOM U TapMOHHUKaMHU.

K cnekTpanbHBIM MpolieccopaM 3ByKa OTHOCATCS 9KCaAumepwvl, dHXAHCEPbl, SUMALAl3epbl,
cnekmpanatizepvl U mHoeue opyeue. VX Ha3BaHWs OOJIBIICH YacCThIO SIBISIOTCS OpEHIOM
¢bupmbI-u3roroBuTens. K crekTpaibHbBIM IpoIieccopaM ciaeayeT TakKe OTHECTH 3arOoJOHUBIINE
B TOCJICIHUE TOJBI MY3BIKAJIBHBIM PHIHOK PA3IMYHOTO POJa MUMUTATOPHI 3BYKa MAarHUTHOMN
(hoHOTpaMMBbI 1 UMUTATOPBI 3BYKa JIAMIIOBOTO YCHUIIUTEIIS.

[Ipy BBIMOTHEHUU CHEKTPAIBHBIX MPEOOPA30OBAHUM IIUPOKO MCIOJIb3YeTCS YacTOTHO-
dazoBas KOppeKIus, SKBalaiizepbl M AUHAMUYECKHE KOMIIPECCOPBL. 3a BCEM JTHM TPYIIHO
VIIOBUTH POJIb, KOTOPYIO UTPAIOT HEJIIMHEWHBIE MpeoOpa3oBaHus B (OPMHUPOBAHUM 3BYKOBBIX
s dexktoB. MHOTHE QUPMBI TPEANPUHUMAIOT TOMBITKH PEAM30BaTh ANTOPUTMBI HCKAKEHUN
MeToJaMu IU(PPOBOH 0OpPaOOTKM CUTHAJIOB ¥ OOBCIMHUTH BCE HWCKAXKAIONIME SJICMCHTHI B
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ennHoe (OJHOKOPIYCHOE) YCTpPOMCTBO, HampuMep, THUTapHBIA mHpoleccop, 100aBisis B HEro
Take 3 dekTh peBepoepanun, Xxopyca, rapMoHaiizepa U KOMIIPECCopa, B TOH WM MHOW Mepe
M3MEHAOIINE (MCKaXKaIoIIKe) MapaMeTphl BXOJHOTO CUTHANA.

B ympoimieHHOM BHZie BCE€ CIEKTpPaIbHBIE MPOILECCOPHI pabOTAIOT MO MPUMEPHO OJHOMY
o0IIeMy anropuTMy, KOTOpBIN mosicHsieTcst puc.3.1. B 3Toii cxeme BXOJHOM CUTHAN MepenaeTcs
0e3 MCKaKEHHUI Yepe3 CyMMaTop Ha BBIXOJ. B memwm cuHTe3aTopa JKBajlali3epOM BBIJCISICTCS
YaCTOTHBIA JMana3oH B OOJacTH BEPXHUX YacTOT, B KOTOpOW OyayT pa3Mematrbcsi HOBBIC
rapmoHuku. Ilogbem AUX mnpousBomuTcss mpuMepHO Ha 6 1b, HIDKHAS TIpaHULA TOJOCHI
nponyckanus nepemenHas ot 700 I'm mo 8 x[m. Bepxuss rpanuma storo ¢uibTpa
orpannuuBaetrcs yactotoit 16 ... 18 xI' ¢ kpyTeim ciagom 10 22 k' —42 nb. Kpyrtusna cnana
yCTaHABIUBAETCS BEIOOPOM TOOPOTHOCTH (PUIBTPOB IKBaNaiizepa.

CuHTe3aTop yHpaBiseTCs BXOJIHBIM 3BYKOBBIM CHTHAJIOM C T€M, YTOObI TApMOHUKH ObUIH
€My CHHXPOHHBI. B OOJBIIMHCTBE NMPOLIECCOPOB OH MO3BOJISAET 3a/1aBaTh YETHHIE U HEUETHBIE
rapmoHukd oT 0 go 100% wu  ux uwmcno. [Ipoueccopsl paznuyHBIX (UPM CYIIECTBEHHO
OTJIMYAIOTCA aJTOPUTMaMU, MCIOJb3YEMBIMHU JJI CHUHTE3a TapMOHUK. [lanee 3amaercss 3aKoH
3aTyXaHusi TapMOHMK, B COOTBETCTBUM C KOTOpbIM Qopmupyercs Hux orudaromas.
JluHamMuuecKkuid KoMmpeccop oOecrednBaeT NUHAMUKY TapMOHHUK, TaKylO € KaK y BXOIHOTO
CUTHajia cuHTe3aropa. Ha BbIxoje npubopa NpoucxoauT CYMMUPOBAHNE CUTHAJIOB JIBYX LEMei.
C mnoMmompl aTTEHI0ATOpa YCTAaHABIMBAE€TCS YPOBEHb TapMOHHMK B BBIXOJHOM CHUTHAJIE
CyMMaropa.

Co3aHne HWCKaXeHUH B CHHTE3aTOpax MPOU3BOJAUTCA HAa OCHOBE THUIIOBBIX HEJTMHEHHBIX
nepelaToyHblX  (QyHKUUH, XpaHsmuxcs B Bujae TaOmui B mamsatu. PaspabGorana teopus u
QITOPUTMBL  CO3JIAaHUS JIIOOBIX CHEKTpoB. bomblield YacThl0 B KauyecTBE HEIHMHEWHOM
MepeaaToyHON (PYHKIIMU HMCIOJIB3YIOTCS TOJMHOMBI YeOnimieBa. B cimydae, ecnm BXOgHOW U
BBIXOJIHOW CHUTHAJbl HETMHEWHOTO JJIEMEHTa 3alUChIBAIOTCS B BHUAE (PYHKIUH TUCKPETHOTO
BpEMEHU

x(n) = Aldos(w, (),  y(n) = Flx(n)],
nonuHoM YeOsbImeBa 7 ~ mopsiaka B peKypcuBHON (opMe UMEeT BUJ
Ih(x) =1, 31
fw=x OV
T,(x)=20 0, (x) =T, (x),
rae 7 -Tekyuui Homep BeIOOpKH IUGPOBOro curHana, W, - Kpyropas 4acToTa OCHOBHOTO TOHA,

A -ammuTyaa. Jad 9TOro moNMHOMA CIIPaBe/INBO paBeHCTBO  1,(cos 8) = cos(n [B) .

Ecnu HenuneliHas mepenatouHas GyHKIUS ompeaenseTcs MNoauHoMoM YebbleBa 7~
MopsAJaKa, a Ha CUrHaJIbl Ha BXOJAC OIIPEACITIAIOTCA PaBCHCTBAMU
x(n) = ALdos(w, k), y(n)=cos(mw,n),
TO YTOOBI CO3J]aTh CIIEKTP TAPMOHHK BUAA

Yn) =S Iy cos(ka,m), (32)
k
JOCTaTOYHO HUCIOJIB30BATh JIMHEHHYIO KOMITO3UINIO YeObIeBCKUX (QyHKINN
FO =S i,  (33)
k

KOTOpask PEJCTaBISIET CO00M  (PYHKITUIO HCKaYKESHHIA.

B nocneanue roapl MOMYYHIN IIHPOKOE PACHpPOCTPaHEHUE JIBYX IIOJOCHBIE dKCANTEephl U
SHXAHCEPHhl, B KOTOPBHIX JOMOJHHUTENbHO B oOmactu dyactoT 20... 120 T'm dopmupyrorcs
CyOTapMOHHKH, KOTOPbIE Ha OKTaBY HUYKE OCHOBHOTO TOHA.
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Jsyxnonocuwiti sxcaiimep — 310 (HaKTUUECKU JBa MprOOpa B OAHOM KOPITyCe MM B pamKax
onHOM mporpammbl. OauH pabortaet B obnactu BY, apyroit — B o6mactu HY. Cybrapmonuku

TipeTs — OKTaBHBIHN CUTHAT

Cy6rapMoHHKI
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Puc.3.2. ®opmuposanue cyorapMoHuk u3 10-4acTOTHOTO CUTHAMA H3 1/3 OKTaBHOTO psiia

CO3JAI0TCA 3a CUET UCIOIb30BAHNS UHTEPMOYJISLIMOHHBIX UCKaKEHNH. OHM BO3HUKAIOT 33 CUET
HEJIMHEMHOCTH TepeaaTouyHod  (yHKIMH, TOJBKO KOIJa Ha BXOJE€  JIEHCTBYET CIIOMKHBIN
3BYKOBOU CUTHAJI, HAIPUMEP, B BHUJIE PAJa COCTABIIIONINX TPETh-OKTABHOIO psja.

B kauectBe mpuMepa, Ha puc. 3.2. IPUBEAEH CIEKTP CIOXKHOIO CUTHAja, COCTOSLIETO W3
gacror 500, 630, 794, 1000, 1260, 1587, 2000, 2520, 3175 u 4000 In. MHMs3-3a
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Puc.3.3. Co3ganne ucKakeHUIl B CHHYCONIAIBHOM CHTHAJIE ITyTeM H3MEHEHHs (OPMBI IIepeaTOuHON (DyHKIUH

MHTEPMOAYIIMOHHBIX HCKAKEHUI B CIIEKTPE Ha OKTaBY HU)KE BOZHUKAIOT CYOTapMOHUK, TaKKe
B BHJIE TPETh-OKTaBHOIO psfa. Mx gactorsl paBHsl : 250, 198,4, 157,50y wu 125 I'u. Bmecre ¢
CyOrapMOHMKaMH, €CTECTBEHHO BO3HHUKAIOT  MPOAYKTHI ~ MHTEPMOIYJSIUU OKOJO BCEX
COCTABJISIOLINX 3BYKOBOI'O CHT'HAJIa, HO OHM YacTO MPOINAJA0T B OJHY KPUTHYECKYIO IOJIOCY C
CUTHAJOM M 3aMETHO UM MAaCKHUPYIOTCS.

Haubonee npocTo rapMOHUYECKHE HCKAXXEHHUS CO3/1AI0TCS ¢ MOMOIbIo MmaruHa Distortion
u3  3ByKoBoro peaakropa Sound Forge , B KOTOpOM MOXHO TrpapuuecKuM CHocoOoM
CHHTE3UPOBATh CaMble pa3Hble HENMHEIHbIE NnepenaTounbie GpyHKIMU. B 3aBUCMMOCTH OT BHUIa
(GYHKIIMM MOTYT BO3HUKATh TOJBKO HEUETHBIE WM YETHBIE TADMOHUKH, WU T€ U IPYyTUE BMECTE.

B npocrteiimem Bapuante (puc.3.3.A), npu nepenatounoit pynkuuu OC B pexume mirror Y
YCWJIMBAIOTCS TOJIBKO IMOJIOXKUTEIbHBIE IOMYBOJIHBl CHHYCOMJAIBHOTO CHUTHala, a Mpu
nepeaarouyHoir ¢yHkuuu OB, HA000POT, YCHIMBAIOTCSA TOJBKO OTPUIATEIbHBIC ITOJYBOJIHBI.
OTUM CO3/1al0TCs MPEUMYIIECTBEHHO YETHbIE TAPMOHUKHU.

Ecnu mepenatounas ¢yHkmus umeeT orcedky (puc.3.3.B), To B pexume synhronize B
CUTHAJIe CO3/IaeTCsl CUMMETpUYHAasl OTceuka (CBEpXy M CHHM3Y) U B CIIEKTPE BO3HUKAIOT TOJBHKO
HEYETHblE TapMOHUKH. B pexume mirror Y oTcedka co3fgaeTrcs TOJIBKO CBEPXY M B CIEKTpE
BO3HUKAIOT 4YETHbIE W HEYEeTHble rapMOHHKHU. VIMeeTcs (paxTrueckn OeCKOHEYHOE MHOXKECTBO
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BAapMaHTOB MCKAKEHHsS MepeAaTouyHod (YHKIMHU IyTeM M3MEHEHHs yIjla HaKJIOHA, BBEJCHHUS
PE3KHX U IJIaBHBIX U3TMO0B C CUMMETpHUEH 1 0€3 CUMMETPUH MO0 OTHOUIEHHIO K ocM Y X.

3.2. CryxoBoe BoCHIpusiTUe HEJIMHEMHBIX HCKAMKEHUI

Bocnpusitue TemOpa 3By4aHHs B 3HAUMTENBbHOM Mepe CBA3aHO C HEJIIMHEHHOCTBIO CiIyXa
YeJIOBEKa, B YACTHOCTH C HEJIMHEHHOCTBIO MepelaTOYHON OapabaHHOM MEepernoHKH U CPEIHEro
yxa. N3-3a 5TON HEIMHEWHOCTH BO3HHUKAIOT KaK 2apmMoHudeckue, max U
UHMEPMOOYTIAYUOHHBIE UCKAMNCEHUS, KOTOPbIE HAa3bIBAIOTCS CYObEeKMUEHbIMU, TaK KaK OHHU
CIIBIIIHBI, HO UX HET B HCXOJITHOM 3BYKE.

NzyueH 3TOT 3QeKT SIBHO HEAOCTATOUHO, HO MU3BECTHO, UTO 2APMOHUUECKUE UCKANCEHUs
mpu ToHe 3ByKa 1 kI’ 3amerHbI yxxe mpu gasiaeHun 20 nb SPL, 4yTo cOOTBETCTBYET YpPOBHIO
merora. [Ipum sToM OOHapyXHBaeTcs 10 5 TrapMOHMK, HO BEJIMYMHA MX Maja. YBEJIWYEeHUE
MHTEHCUBHOCTU HMCKa)KEHUH C POCTOM 3BYKOBOTO JaBJICHUS MOTUUHSETCS JIOTapUPMUUECKOMY
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-"'#-- | ="
2 Iy
| ="
10 ol
/ / | " | 8%
4% 3 ] | 5
/ / #_"_______,_,...--- o
1 . "
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Puc.3.4. 3aBucuMocTh CyOBEKTUBHBIX TAPMOHHK OT YPOBHSI 3ByKOBOTO JIaBJICHHS

3aKOHY, U OHM HAUYMHAIOT PE3KO BO3pacTaTh NpPH 3BYKOBOM JaBiieHHH cBeilie 60 ab SPL
(puc.3.4.). llppu  nmaBnenus npo 100 nb SPL (makcumanbHBII ypOBEHb IPOMKOCTH 3BYYaHMSI
opkecTpa) BTopasi rapmonuka gocturaer 40%, a tpetbs — 10% . DTo cymecTBeHHO Oouiblie
BO3MOKHBIX HCKa)XEHUH aKyCTHMYECKOM CHCTEMbl U BBIXOJHOTO JammoBoro ycunutens. [lo
JIOTUKE, TApMOHMYECKHE HCKKEHHUS DJIEKTPUUYECKOrO TpaKTa JIOJKHBI MacKHUpPOBATHCS
CyOBCKTUBHBIMH TapMOHHMKaMH. TeM He MeHee, ITOr0 He MPOUCXOAHT, TaK KaK yBEPEHHO
3aMeyaeM uX Ha ciyX. Bo3aMOXHO, 3TO CBSI3aHO ¢ pa3HOM 3aBUCHUMOCTBIO YPOBHSI TADMOHUK OT
YPOBHSI 3BYKOBOTO JaBieHUs. Ele 0lHO Ba)kHOE OOCTOSATENBCTBO - B MAra3oHe 4acToT 16...
100 I'm otnmenpHBIE CYyOBEKTHBHBIE TAPMOHUKH MOTYT 3HAUYUTEIHHO MPEBBINIATh HHTCHCUBHOCTh
OCHOBHOT'O TOHa.

[Ipu BBICOKOW TPOMKOCTH 3BYKa CYObeKkmusHvie capmoHuxku 2, 3, 4 u 5 nopsaokos He
UCKAdCAlom 38VK, OHU MOAbKO MeHAIm memOp 36yuanus, W HUKOT/Ia HAc HE pa3Apakaror.
bnarogaps wuM, 3ByyaHue 4acTO CTaHOBUTCS MsArde, MHOTJA sipue, HO Bcerna mpustaee. C
MOHIDKEHUEM 3BYKOBOTO JIaBIICHUSI CYOBEKTHBHBIE TapMOHUKHA YMEHBIIAIOTCS, MY3bIKa
CTAHOBUTCS ~ TYCKJIOM, HEMHTEPECHOM — TaK OHa M 3BYYMT, KOTJa HET CYOBEKTHBHBIX
UCKaXeHuil. VIMEHHO MO3TOMY HOpPMANbHBIE JIOAM, OCOOCHHO MOJIOJACKb, MPEANOYUTAIOT
TPOMKYIO  MY3BIKY. CrapiieMy TOKOJEHHIO BOCHPHUSTHIO THXOM MYy3bIKH IOMOTaeT
MYy3bIKQJIbHAS TTAMSTh.

Bo3zmoowcno, HETMHEWHbIE MCKAKEHUS, MPUCYIIUE aHAJIIOTOBOM TEXHUKE, B KaKOW TO Mepe
TAPMOHHPYIOT C CYObEKTHBHBIMU HMCKOKEHUSMHU U JENAIOT 0O0Jiee €CTeCTBEHHBIM 3ByUaHUE Ha
0ojiee HUBKUX YPOBHSX, KOTJIa CYOBEKTHBHBIE TapMOHHKH 3aTyxamT. B nudpoBom 3Byke
MOJIHOCTBIO OTCYTCTBYIOT BCE€ BHJbl HEJIMHEWHBIX HCKAKEHUW, M TO3TOMY OH Ha CIyX
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BOCIIPUHUMAETCS WHA4Ye, YeM aHaJloroBblid. OH HE XYXKe, MPOCTO HE COBCEM €CTECTBEHEH, TaK
KaK HE COOTBETCTBYET MPHUPOJIE CiIyXa 4dYellOBeKa C MNPUHIMIAAILHO TIPHCYIIeH ei
HEJTMHEWHOCTHIO, TIOATOMY OH HE TAPMOHUPYET C HEl.

N3 IcMX0aKyCTHKHA U3BECTHO, YTO 00EpPTOHA 3BYKOBBIX KOJIEOAHHUI CO3MAI0T KOHCOHAHCHOE
38yyanue (MPUATHOE-MY3BIKAILHOE), KOTJa OHHM TOMAAI0T B Pa3Hble KPUmuieckue noiocsl
cryxa. Ecmu ke OHHM TIOMANalOT B OJHY KPHTHYECKYIO TIOJOCY, TO MOXET BO3HHUKHYTH
OUCCOHAHCHOEe 38)yaHnue, HETNPUSATHOEC HA CIyX, OHO BOCIPUHUMAETCS KaK OYECHb pe3Kas
[IEPOXOBATOCTh 3BYKa WM KakK OueHusi. Takoe MPOUCXOJUT TOJIBKO C TAPMOHHKAMH BBICOKOTO
MOpsKA, TaK KaK C TMOBBIINICHHEM YacTOThl IMPHHA KPUTHUECKHUX IOJIOC CUIBHO BO3pacTaeT
(tTabn.3.1), m TOTmA B OOHY Kpumuueckyr) HNOJIOCY MOTYT TIOMACTh HECKOJIBKO TapMOHHK.
3Byuanue 0co00 HEMPUSITHO,

Tabn.3.1. HwxkHue rpaHuLbl KpUTMHYECKUX NOMOC M HoMepa nomnoc B 6apkax

Bapk 1 2 3 4 5 6 7 8 9 10 [ 11 12 13

Fupno T [ 20 [ 100 | 200 | 300 | 400 |510 |630 |770 |920 | 308 | 1270 | 1480 | 1720

Bapk 14|15 [ 16 |17 [18 |19 [20 | 21 22 [ 23 |24 25

F, T goo 332 370 815 870 8140 830 840 570 850 (1)200 2)550 20000
KOT/Ia UHTEPBAT MEXAY TAPMOHUKAMU MeHbUle Yemeepmu UWUPUHbL KpUmuieckou nojiocwl. Tak,
Harpumep, 19 u 20 rapmoHuMKM 3ByKa ¢ OCHOBHOW 4actoroil 750 I'n, momamaromiue B

Kputuyeckyro mosnocy ot 12 go 15,5 xl'm (24 6apx) mmpunoit 3500 I'm co3maroT pe3ko
JIMCCOHAHCHOE 3ByYaHHe, TaK KaK 4YaCTOTHBIA MHTEPBAJ MKy HUMHU Bcero 750 I'.

[Ipupona genoBeka 06 3TUX MpobIEMax 3HaNa, TOATOMY MOPSAOK CyObEKTUBHBIX TAPMOHUK

He Bblme 9 npaxe npu 3BykoBoM aasieHun a0 140 nb SPL. Ilpumepom HambGozee sipkoro

JMCCOHAHCHOTO 3BYYaHMsI TAPMOHMK SIBIIETCS mpaH3ucmopmwiii 36yk. OH 00yCIIOBJIEH TEM, YTO
TapMOHUKH €ro CUTHaNa, HUe ypoBHS MUHYc 60 1B, 3aTyxaroT kpaitHe MeJICHHO.

UenoBek OOBIYHO BCTPEYAETCSI CO CHONCHBIMU 38YKAMU, COCTOSLUIUMH W3 HECKOJIBKHX

HNEepUOJUUECKUX KoJeOaHWH  pa3HBIX

4acTOT C JAMCKPETHBIM CIEKTpoM. B

' TOM ClIydae HHTEpMOIYJISIMOHHbIE

r_!;éi'.‘hi'_. HUCKOXEHUS MPOSBIAIOTCA B TOM, 4TO

‘|||.| OH CIblWUmM PA3ZHOCMHYIO 4acmomy
106 Coam o 1kHz 3kHz GSkHr 10kHz 3THX  KoJebaHHid. HaHpHMepa 1pu
OJHOBPEMEHHOM 3BYYaHUH ABYX TOHOB
1000 u 1100 I' ¢ ypoBuem 60 16 SPL

Tane: G l YeTKO  OIIYIIAeTCs  CYObEKTHBHBIN

Rehlive amplitude, dB

(196 Hz)
pazHoctHbiii ToH 100 I'm ¢ ypoBHeM
‘ | | ||“|”“”"llullm rpomkoct 40 ¢on. Ilpu ypoBHE >THX
10 am s 1kHz " SkHz SkHz  10KHz ToHoB 80 1B SPL, ypoBeHb TPOMKOCTH
Frequency - Hz pazHoctHOro ToHa jaocturaetr 80 ¢on!
Ecmu ¢ momomipio TenedoHOB B OIHO
yXo0 nojatk 3ByKk ¢ yactoroi 800 I'm, a
B Jipyroe — ¢ gactoroit 600 I'm, OymeT OTYETIMBO CIBIIICH CYOBEKTUBHBIN 3BYK ¢ 4acToToi 200

T

CybvexmugHvle UHMepMOOVIAYUOHHbIE UcKadcenuss (HOPMHUPYIOTCS KaK pa3HOCTh YacTOT
rapMOHUK, TaK, Hampumep 2, 3, 4 ... TapMOHHUKH CO3/1al0T MHTEPMOIYJISALUOHHBIA MPOIYKT C
gactoroi 1 k['m. Yem Oosblie 3THX TapMOHUK, TEM BBIIIE TPOMKOCTh Pa3HOCTHOTO TOHA.
Paznocth wactor 2 , 4, 6... TapMOHHUK CO3/1a€T MHTEPMOAYJIALUOHHBIA MPOAYKT C YAaCTOTOM 2
k[ u Tak nanee. [Ipeamonaraercs, 9To TOIBKO OJarogaps HHTEPMOTYIISIIHOHHBIM UCKAKEHUSIM
CIIyXOBOro ammapata Mbl ciablluuM 3BykH Hmwke 100...200 I'u. MmenHo mnostomy npu
OTpaHUYEHUM YacTOTHOTro auana3oHa Huxke 1000 'l mpu BBICOKOM TPOMKOCTH 3BYYaHMUS
BOCIIPHSITHE HU3KMX YacTOT CYIIECTBEHHO He yxynmaercs. OIHaKo, €cid  CyObEKTHUBHBIE
UHTEPMOAYJISIIMOHHBIE  HUCKAXKEHUS  CO3/JAIOTCS  HEKPAMHbIMU — YACMOMAMU, BO3ZHUKAET
JMCCOHAHCHOE 3BYYaHHUE C OIIYLICHHUEM OYeHb HENPHUATHBIX Ha CIyX MCKaxeHHH. Bo3MoxkHO,

Puc. 3.5. CrniexTpsl 3BYKOB (pieiThI

58



MIO3TOMY 4YHCIIO 00epTOHOB ckpunku CTpanuBapu He mpeBblmaeT 11, Torma kak y CKpHIIOK
COBETCKOTO MTPOM3BOICTBA UX OObIIe 25.

Kpaiine BaXkHO, 4TO CyOBEKTUBHBIE TAPMOHUKM HHU3KOro nopsaka (2...5)  yeenuuusarom
00UY10 2POMKOCMb 368YYaHUs, TaK KaK OHU HUKOTJa He MONaJaloT B OJIHY KPUTHYECKYIO TI0JI0CY,
U, CIEAOBaTENbHO, MX TIPOMKOCTH  CyMMHpylOTCcs.  biarogaps HMHTEpMOAYISLMOHHBIM
UCKQXEHUSIM aHAJIOTMYHBIM 3¢ eKT nocTUraeTcsi B HIKHEH YacTH CHEKTpa CYObEKTHBHBIX
TFapMOHMK, NP KOTOPOM YBEIWYMBAE€TCS HMHTEHCUBHOCTH 1, 2, 3.... rapmonuk. Ha sTom
OCHOBAaHMM  MOXKHO  NPEIANOJOXKUTh,  YTO CyOBEKTUBHbIE  TapMOHHUYECKHE U
MHTEPMOYIISLIMOHHbIE HCKAXEHHUS SBIISIOTCS OCHOBHOM MPUYMHONW CHUIIBHOM mpancgopmayuu
KPUBbIX PABHOU 2POMKOCMU NPU USMEHEHUU YPOBHs 2POMKOCmuU. I'apMOHHMKH YBEJINYHMBAIOT
MObEM B O0JIACTH BBICOKHUX YacTOT, @ HHTEPMOIYJISIIUOHHBIE UCKaKEHUS — B 00JIaCTH HU3KHUX.

Bce 311 ocoGeHHOCTH CiTyXa uenoBeKka B HACTOAIIEE BPeMs UCTOIb3YIOTCS B IBYXITOJIOCHBIX
JKcaiiTepax M SHXaHCepaxX, B KOTOPHIX 3By4yaHHe oOoramaercs 3a CYeT I'apMOHUYECKUX U
MHTEPMOAYIISIIIMOHHBIX UCKAKEHUH.

B texHuke mepmun «uckascenusy Hocum cyeybo ompuyamenbHuli xapakmep, 4eM O0oJbIIe
UCKaXeHUH — TeM xyke. Ha camoMm zene, kak BUIUTE, BCE HE TaK MPOCTO M OYEHb YAacTO Jaxe
OosblIMEe MCKXEHHS O0OralaroT 3BydyaHHE MY3bIKH, JETal0T €€ MpHUATHEe JJIS BOCIIPHUSTHUS.
Bce 710 HE0OX0AMMO UMETH B BUAY MPU HCIIOJIB30BAHUU CHEKTPATIbHON 00paOOTKU 3BYKOBBIX
CUTHAJIOB.

CoBpeMeHHbIE 3BYKOBBIE IMPOLIECCOPHI OYEHb CIIOXKHBIE MPUOOPHI, 6€3 3HaHUIl B 00JacTH
NICUXOAKYCTUKH TPYAHO MOHATH, KAK OHHU pabOTaloT, YeM OTIMYAECTCS OJHA MOJIENb OT APYrol U
Kak MMHU [paBWIbHO TNOJB30BaThcs. B Hacrosmee
BpeMsi  pa3paboTaHbl M IIHPOKO NPUMEHSIOTCS Ha

MpaKTHUKE  TaKWe  3BYKOBbIE  IPOIECCOPHI  Kak
frn, A M, A a 9KCaiTepsl, EHXaHCepHl, BUTAaJA3ephI
CHEeKTpajlaii3epbl, KOTOpblE 00Oram@awT 3ByYaHHE
MyTeEM NPEJHAMEPEHHOIO CO3JAaHHUA  JOCTAaTOYHO
OONbLUWUX HENUHEUHbIX U  YACMOMHBIX UCKAICEHULL
MY3BIKQJIbHBIX CHTHAJIOB B pa3IMYHBIX JHMANa30HaX

v

Bce rapmonuku B ¢aze

qacCToT.
B 3TOM o0iactu TCXHHUKU HET HUKAKHUX
CTaHIapTOB, MNOJ OJHUM Ha3BaHUEM MOT'yT
HeueTHble rapMOHUKY HHBEPTUPOBAHBI
CKpPBIBATbCA CaMBbIC Ppa3JINYHEBIC AJITOPUTMBI
Puc.3.6. CursanorpamMmsl CUTHajoOB U3 7 obpaborku 3ByKa. 3ByKOBbIE TIpOLECCOpEL
rapMOHHK PaBHOTO YPOBHS pean3yroTcs Kak B BUJE OTACIBHBIX MPUOOPOB, TaK U

B BHJI€ IPOIPAMMHBIX NPOAYKTOB. boibmel 4dacTero
OHHU BBITIOJTHSIIOT MHOKECTBO (YHKLHMH, TO3TOMY NPUBEACHHOE BBILIE JIEJEHUE HA TPYIIIH,
SIBJIIETCSl OUYEHb YCIIOBHBIM.

Ocoboe MecTo 3aHMMAalOT MPOIECCOpPBl, KOTOpbIE B IU(PPOBOM TpPAKTE UMUMUPYION
aHAN0206bIl 36VK. DTO CBA3AHO C TE€M, YTO B IU(PPOBBIX TpaKTaX HETUHEHHBIX HCKaKEHHH
MPAaKTUYECKU HET, a JIOCTaTOYHO HMIMPOKOMY KpYTy TOJIb30BaTeNIel KaXKeTcs, YTo yugposou
38VK Xydice aHano206020 W, BO3MOKHO, UMEHHO M3-3a OTCYTCTBHUS HEJIMHEMHBIX HCKa)KEHUI.
OTH cO0OpaXeHUs] M SBUWINCH KOMMEPUYECKHMM OCHOBAaHHMEM JJIs pa3pabOTKU M MacCOBOTO
MIPOM3BOJICTBA CIIELUATIBHBIX MPOIIECCOPOB, KOTOPbIE TEHEPUPYIOT ITH UCKAKEHUSI.

Cunraercsd, 4TO MNPHUATHOE 3BYYaHHWE  HEKOTOPBIX JIAMIIOBBIX YCHJIMTEIEH MOIIHOCTH
CBSI3aHO C HAJMYUEM B €r0 BBIXOJHOM CHUTHAJIE 6MOpPOU 2APMOHUKU JOCTaTOYHO BBICOKOTO
ypoBHs. B Toxe Bpems npeanonaraercsi, 4To MATKHHA, IPUSTHBIN 3ByK C MArHUTHBIX (JOHOTpaMM
CO3JIaeTCA HeuemuvlMu 2apMonukamu cursana. O4eBUIHO, YTO 3TO BXOJUT B MIPOTHBOPEUUE C
IIMPOKO PACIPOCTPAHEHHBIM MHEHHEM, BO3MOXHO 3a0dyXJIE€HHEM, YTO YETHbIE TapMOHUKHU
CO3/1al0T MATKOE, MIPUSTHOE 3ByYaHHE, & HEUETHBIE 3By4YaT PE3KO U HEMPHUSATHO.

Ha camom niene u Te, u Apyrue rapMOHMKM MOTYT 3By4YaTh IPUATHO M HENPUATHO. BaykHO
YHCIIO TAPMOHMK, UX aMIUIUTYAHBINA cOCTaB, (a3bl U CKOPOCTh UX 3aTyxaHus. B OonblInHCTBE
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AJIEKTPUYECKUX TPAKTOB C MPOCTEHIIEH HETMHEHHOCThIO BCe TApMOHMKH COBIAAAIOT MO ¢ase ¢
OCHOBHbIM CUCHANIOM, W (pasa sma nocmosnwHa. B 3TOM ciydae HEUYeTHble T'apMOHHMKH
CYUIECTBEHHO VMEHbUAIOM 6peMs amaku 3BYKOBBIX HMIIYJIbCOB, W IO3TOMY  3BYYaHHE
CTaHOBUTCSl Ooyiee pe3KuM. BTopple TapMOHMKH CYIIECTBEHHO MEHBIIE YMEHBIIAIOT BpeMs
aTaky, ¥ MO3TOMY 3BYYaHHUE Ka)KeTCsl 00Jiee MATKUM.

C nomompl yacmomno-gazoeou Koppekyuu 2apMOHUK MOYKHO CYIIECTBEHHO MEHATh
MUKpPOJMHAMUKY 3BYKOBOI'O CHUTHaja. B kadecTBe KiacCMUecKoro mnpumepa Ha puc.3.6.
npuBeseHa (opMa CUTHajga, CUHTE3MPOBAHHOTO M3 7 TapMOHUK PAaBHOTO YPOBHS C HYJIEBOM
¢dazoif. C yBenuueHHeM 4MCIa TapMOHUK JTOT CUTHal  OyJeT TpaHCOPMHPOBATHCS B
MOCJIEI0BATENBHOCTh OUY€Hb Y3KUX UMITYJIBLCOB C TPOMAJIHBIM MHK-pakTopoM. [[i1si cpaBHeHuUs Ha
3TOM K€ PUCYHKE NPHUBEIEH CUT'HAJ, B KOTOPOM HEYETHbIE TAPMOHHUKH CIABUHYTHI MO (as3e Ha
180° (uuBepTupoBanb). Takas 4acTOTHO-(ha30Bast KOPPEKLMs MpHBENTA K YBEIIMYEHUIO
CPEAHEKBAIPAaTUUYECKOTO 3HAYCHMS HANpSOHKEHHUS W YMEHBLICHHIO  NHK-(paKTopa CHrHaia.
Bo3MoxHO 6ecKOHEYHOE 4YHCIIO0 BAPUAHTOB TaKO KOPPEKIUH.

Ha CJIyX MPpUBCACHHBLIC Ha pHC. 3.6. curHaibl HE Pa3jininTh, TaK Kak (I)aBOBLIe CIBUTU B
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Puc.3.7. Cnektp cymmbl 7 rapMOHHMK OJJMHAKOBOH aMIiuTy sl (1...7) Ha BBIXOE HEJMHEHHOTO 3JIeMeHTa

9TOM CJlydae HE HMMEIOT 3HaueHus. EciM ke Takue CHUrHajbl NMPOXOJAT 4epe3 HEJINHEWHBIN
3JIEMEHT, TO BO3HUKAIOT TapMOHHMKHM TapMOHHUK, cHekTp pacmupsercs 1o 20 xl'n, u ¢da3zosbie
CABUI'M HA4YMHAIOT WUIPATh CYLMIECTBEHHYIO POJb B CIyXOBOM BocHpusATuM 3Byka. Ha punc.3.7.
IIPUBENCHBl  CHEKTPbl 3THUX CUTHAJIOB B CIydyae OJHOCTOPOHHEH OTCEYKH, MOPOXKAAIOIIEH
YyeTHbIe TapMOHMKHU. Kak BUIHO, B Cllydae MHBEPCUM HEUETHBIX FAPMOHHUK HCXOJHOTO CHUTHAJa
€r0 MHTEHCUBHOCTb M3-3a IPOJAYKTOB HMHTEPMOIYJSALMU 3aMETHO BO3PACTaeT, I'POMKOCTb
YBEJIMYUBAETCS, @ 3aTyXaHHE BTOPUUYHBIX FAPMOHUK IPOUCXOAMUT OOJee MEAJIEHHO, YeM B
cllyyae, KOrjila Bce MCXOJHbIE TapMOHMKH B (haze.

3.3. [lu¢poBbie *MUTATOPHI 3ByKa MAarHUTHOH ()OHOrpaMMBbI (CaTypaTophbl)

HpI/I HCIOJIb30OBAHHWKU BBICOKOYACTOTHOI'O TOAMArHUYHBAHUA TICPCAATOYHAA (I)YHKI_II/ISI
MArduMTHBIX JICHT, ONpPCACTIAIOIAas 3aBUCUMOCTb MCKAY HAIIPAKCHHOCTBIO MAarHUTHOI'O II0JIA

H W ocTaTouHOM HaMarHu4eHHOCThIo M, | wu3-3a s¢hghexma nacviujenus MATHUTHBIX JIEHT

COBEpIICHHO CHUMMETPHYHA OTHOCHUTEIHHO OCH HAMPSHKEHHOCTH MAarHUTHOro mois (puc.3.8).
Hpyroii ee Ba)XHOM OCOOEHHOCTBIO SIBIISIETCSA TO, YTO KaK MPHU

+M, HOHOX(HTCHBHOﬁ, TaK H 0Tp1/1uaTean0171 HaMarHm4€HHOCTH C
HpI/I6J'II/I)K€HI/IeM HAIpsOKCHHOCTU  MArHUTHOrO  IOJA K
3HA4YCHMUIO, 6HI/I3KOMy K HaChIIIICHUIO, KpyTU3Ha

HaMaronmivMBaHHg  YMCHBIIACTCA OYCHDB ITJIABHO. Bnarozlapﬂ
ITOMY npu 3aIliucu C BBICOKHM YPOBHEM YiKe

T 0 KOMIPECCUPOBAHHOIO 3BYKOBOIO CHMIHAJa  IIPOUCXOJMT
JIOTIOJTHUTENIbHAST KOMIIpeccHst 3a cueT d(dexTa HACBIIICHMUS,
Omaromaps KOTOpPOU  nuk-gpakmop  ¢ponocpammol

ymeHnvuiaemcs. B pesynbTare (GoHOrpaMma, 3alvcaHHas Ha
-M

T

Puc.3.8. Ilepenarounas GpyHKIMs
MarHUTHOH JICHTHI 60



aHAJIOTOBOM MAarHUTHOW JIEHTE, UMEET 3HAUUTEIBHO 00Jee 8bICOKUU YPOBEHb 2POMKOCHIU, YEM
aHaJlornyHasi poHOrpamMMa Ha LU(poBOIi JeHTE.

[Ipu MarHUTHOM 3amKcH M3-3a CYLIECTBEHHOW HETMHEHHOCTH MEepeAaToOuyHON (YHKIUHU MPU
OOJIBIINX YPOBHSX 3allUCH BO3HUKAIOT JIOCTATOYHO CUlbHble Heaunelinvle uckaxcenus (10 3%),
KOTOpbIE TPHUJIAIOT 3BYKY OYEHb NPUAMHYIO MeMOPAIbHYI0 OKPACKY, W 3TO OYEHb HPABUTCS
3ByKOpexuccepaM. VIMEHHO MMOATOMY /10 HACTOSIIErO BPEMEHU B CTYIMMHOW 3BYKO3AaIUCH €Il
IIUPOKO MHCIOJIB3YIOTCS  aHAJOIOBBIE MHOT'OKaHAJIbHbIE CTYyJHiHbIe MarHuToQoHbl. B
OOJIBIIMHCTBE CIy4aeB KOMIIAKT AMCKH M3TOTABJIMBAIUCH TAKXKE C aHAJIOTOBBIX MAarHUTHBIX
MacTep-JIEHT

[Ipn cuMMeTpU4YHON OTHOCHTENBHO OCH BpEMEHHU IepenaToyHol (yHKUHUU H3-3a ee
HEJIMHEMHOCTH BO3HUKAIOT MOAbKO HeuemHuvle 2apMOHUKU, TIPUYEM OHHM OYeHb OBICTPO
3atyxarT. B ciydae xecTtkoro knunupoBaHusi (puc.3.9) curHai ¢ MarHUTHOM (POHOTpaMMBbI
CHHYCOHUIAJILHOTO KOJIEOAaHUsI ONUCHIBACTCS PABEHCTBOM

4 d{ ) ) 1 . ) 1 . .
U(t) = —[F22 [{sin o [Sin ¢ +— [in3a Bin3wr +— Bin5a [8in 50 +....) | (3.4)
m a 3 5
w Left Channel rie  mapamerp O onpeacIACTCA
— 10 - OTHOIICHUEM INTCIBbHOCTH BPCMCHU
o S 20.96908 %
s L VTV T TTTT OTCeYKH @ K TIEPHOIY 3BYKOBOIO
g 210 | \_/ \_/ \_
£ Lol CHTHAJIA.
E . . v
R Pox oncencn 13 o10i (GOpMyIBI CIEAYET, YTO
% F0 ﬁ A capMOHUKU YMeHbUAOMCA O4Y€Hb
S s I A [, Oblcmpo no KeaopamuuHomy 3aKOHY,
610 7] b
1D?I 200 300 500 FOO %.bkF 2.'0k(H3).'0k ' 50k 7.0k 10.0k 06paTH0 IponopnruoOHaJIbHO 150,€
reqUEnCY (HZ
Left Channel HOMCPY

x| (puc.3.9.). Ha ckopocTh 3aTyxaHHS

B -11.0x,, o4 |

= 13:50896% | cymectsenno Bauser mapamerp O . U3
< o ~ Tpaduxka BHJIHO, 4TO npu
< .0 PexuM HackILeHHs] . KJIMIIUPOBAaHMM YPOBEHb 3 TapMOHHUKHU
5 oo HIKe ypoBHs mnepBod Ha 20 ab, a
o

10 5 YpOBEHb 7 TapMOHUKHU - Ha 35 nb.

100 200 300 500 700 %'hkFrequeﬁbhyk(Hzg)'hk " 50k 7.0k 100k [Tpu I:lJZa6HOM U3MeHeHuu

nepeoamouHou @yukyuu, 4TO

MPOUCXOJUT B PEKUME HACHIIICHHS

MarHUTHOM JIEHTBI, YMUCIO TapMOHHUK

YMEHBINAETCS, & CKOPOCTh 3aTyXaHWsS TapMOHUK BBICOKOTO MOPSIKAa CHUIBLHO YBEIWYHUBACTCS.

Kak Bugno u3 puc.3.9., ocratorcst Bcero 3 rapMOHUKH MPUYEM YPOBEHb 7 TapMOHUKH HUXKE
Munyc 45 1b, 6oJiee BEICOKHE TAPMOHUKH BOOOIIE OTCYTCTBYIOT.

Puc.3.9. Crekrpbl CUTHAJIOB MarHUTHOM (POHOTPaMMBI
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HH(I)pOBLIe HMUTATOPLI HaChIIICHUA MarHUTHOM JICHTEI CTPOATCA Ha OCHOBC
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Puc.3.10. AnanoroBoe okHO Tpaduyeckoro maruHa Distortion pemaktopa Sound Forge

MaTEeMaTHYECKOTO0 MOJICIIMPOBAaHMUs €€ mepegarouHo ¢yHkuuu. Bmomne pmocraToyHo
UCIOJIb30BaTh TOJIKO 3 M 5 rapMOHUKH, 1O (a3e COBMNAJAIONIME C OCHOBHBIM CHUTHAJIOM U
ypOBHSIMH, ompezenseMbiMu  dopmyioit (3.4.). U3menss mapamerp O, MOXHO yCTaHaBIUBATh
pa3IMuYHyI0 CTENEeHb HACBIIIEHUS. B 3aBUCMMOCTH OT HEro aBTOMaTHYECKH MEHSIIOTCS YPOBHU
rapMoOHUK W (hopMa curHana . 3HA4CHUS BCEX 3TUX MApPAMETPOB YTOUHSIOTCS IO XapakTepy
3BYYaHHs — HPABUTCS UM HET.

IIpocmeviwum umumamopom MATrHUTHON JIEHTBI MOXET CIY)KUTh Tpa@HUuecKuil IiiaruH
“Distortion” penaktopa Sound Forge (puc.3.10). OH mo3BoJisieT UMUTHPOBATh BCE OCHOBHBIE
BUJIBI TAPMOHUYECKHUX MCKaKCHHI, BOSHUKAIOIINE B 3BYKOBBIX TPAKTaX, MyTeM 3aJaHusi (POPMbI
nepenaToyHo PyHKIUU.

[Ipu marnuTHO# 3amucu riryOWHAa W pa3Mepbl 00JacTH HAMarHWYMBAHUS CYIIECTBEHHO
pa3Hble Ha HU3KHUX, CPEIHUX M BBICOKMX YaCTOTax. XapakTep U BEJIMYMHA TapMOHHUYECKHX
HCKaXECHUM TaKKe CHJIBHO 3aBUCST OT 4YaCTOThI 3ByKOBOI'O CUIHaJla MU YPOBHs 3amucu. Baxnyro
ponb wurpaer 3¢¢ekT camopa3MarHMYMBaHUs Ha BBICOKMX dYacToTax. Bce sTo Tpelyercs
VUUTHIBaTh MpU UMUTAEKH d(QeKTa HACHIIEHNUs MarHUTHBIX JieHT. [Ipu Xoporiem anropurMe
MOJIETIUPOBAHUS CIIEKTpalibHas 00paOOTKH 3ByKa, IOCTPOCHHAS HA 3TOM MPUHIUIIE, TTO3BOJISET
IOOUThCS 3HAYCHUs NHK-(PaKTOpa, NPUMEPHO TAKOTO K€, KaKk M Ha (QoHOrpamMMme mpu
OCYILIECTBIICHUH CBE/ICHUSI HA MAarHUTHYIO JIHTY, B CpeiHeM paBHOro 14 1b..

HenuHeliHble HMCKaXKEHUS IIPU MAarHUTHOM 3allMCH U3MEPSAIOTCS IIPU 3allMCH  TECTOBBIX
CUHYCOUJIAJIbHBIX CHUTHAJIOB M TOTJIa OHM HOCAT rapMoHMueckwii xapakrep (puc.3.11.). Ilpm
3allUCU MY3bIKM  HAacbIUIEHHME MAarHUTHOM JIEHTBHI BBI3BIBAIOT TOJIBKO ITMKOBBIE 3HAYEHUS
3aMKChIBAEMOr0 CUTHAJa, KOTOpPhIE OTHOCHTEIBHO PpEIKH, HO M3-3a HUX MOTYT BO3HUKATh
MHTEPMOYJISIUUOHHbIE UCKAKEHUA. [103TOMY U OLIEHKH HEJTMHEWHBIX HCKA)KEHUN MArHUTHOMN
3alycy Jy4llle B KayecTBe TECTOBOTO HCIOJIb30BaTh CUTHAJ C aMIUIMTYAHO-UMITYJIbCHON
MOJYJISIUECH.

Torma cHekTp 3amUChIBAEMOrO CUTHAja COCTOMT M3 TPOMAJHOTO YHUCIA TUCKPETHBIX
COCTABIIIIOLINX B BHJAE OOKOBBIX mojoc (puc.3.11.), KOTOpble OMpeAesstoT 3BYK HHKOBOTO

3HA4YCHHA CHI'HajJIa, 3TO HEC HCKaAXCHUJI. OTH OOKOBBLIE MOJOCHI U3 IMPOAYKTOB MOAYJISALIUHU
Left Channel

] ]
7.33317 % 10.7031 %
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Puc.3.11. Cnektpst AM curnana
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BO3HHMKAIOT KaK OKOJIO YacTOThl 3BYKOBOT'O CUTHAaJIa, TaK M OKOJIO BceX ero rapmoHuk. Kak
BUAHO H3 puc.3.9., B pEKHUME HACHIIIEHUS MAarHUTHOW JIEHTHl CYIIECTBEHHO BO3PAacTalOT
FapMOHUYECKUE HCKAXKEHHS B BUJIEC HEUETHBIX FTAPMOHUK — KOMY TO 3TO HPABUTCS, HO TaKOTO
addexrta TpPH KOMMIPECCUPOBAHWKM HE BO3HUKAET. Bo3MoOXHBIE HMHTEPMOIYISIUOHHbBIE
HCKaXEHHUsI, 110- BUAUMOMY, MTOJHOCTBIO MAaCKUPYIOTCS MPOAYKTAMH aMIUIATYAHO-UMITYJIbCHOU
MOTYJISIITUH.

3.4. UmuTanust 3ByKa JIaMIIOBBIX yCHJIHMTeJIel
3.4.1.«JlaMnoBbIiD» 3BYK — HCTOPHS BOIIPOCA

B cepenune mponuioro Beka NosiBUIIMCH TPAH3UCTOPBI, OJaroaapsi yeMy cTaja BO3MOXKHA Ta
camas Hay4YHO-TEXHHYECKas PEBOJIOLHUSA, B D3IOXYy KOTOPOM Mbl ¢ BamH jxuBeM. OJHako,
HauOosee MCKYyIIEHHbIE IIEHUTEIM BBICOKOIO KadecTBa 3ByKa IMPEANOYUTAIOT almaparypy,
COOpaHHYI0 Ha paJuojamIiax, KOTOpble, Ka3ajJoch Obl, JOJDKHBI ObUIM HABCErJa OCTAaThbCs B
MPOUUIOM. A BeJb BCETO JIUIIb JIET TPUALIATh TOMY Ha3aj JaMIIOBbIe PaIuoJibl BEIOpachIBaIl Ha
MIOMOIKY, yCTaHaBIMBasi BMECTO HUX 0o0Jiee COBEPIICHHYIO, KaK TOI/la CUUTAJIOCh, almapaTrypy
Ha TpaH3ucTopax. Heyxxenu 31o Obu10 3a01yK1eHUEM?

B MaccoBoM CcO3HaHMM CHOXHJICS 00pa3 HEKOero MapruHajJbHOro ayauoduia,
MIPEMOYNTAIONIETO CIYIIATh MY3bIKY UCKIIOUUTEIBHO C «BUHHIJIOBOTO» TUCKA Yepe3 JTaMIIOBBIN
ycunutenb. Ho Ha caMoM niene gosspauwjenue namnsl CBSI3aHO KaK pa3 C noAGNeHUeM KOMNAKNI-
oucka. IlepBple TpOUTpHIBATENM KOMIAKT-IMCKOB IOHA4yally MOAKIIOYAIN K YCHJIMTENSM,
BBINIOJTHEHHBIMU Ha TpaH3UCTOpax M MHKpocxemax. IIpu 3ToM y MHOrux mnonb3oBaTenei
HAaCTyNMJIO pa3zodapoBaHue — 3BydaHue CD, MOxkeT ObITb, U OBLIO Oo/iee «npasuibHuiM», 4eM
3By4aHHE BUHWJIOBBIX IUCKOB, HO EMY He X8amano meniomsl U MASKOCHU.

JluHaMuuyecKuil [uana3oH CUTHajla ¢ TPaMIUIaCTUHKU  Cy»KeH npu 3anucu 10 40 ab, 4To0b1
IIOMECTUTBCS B JOPOXKKY TUIACTUHKHU. TPaH3UCTOPHBIN YCHIIMTEIh XOPOIIO CIPABIISICS C TAKUM
CUTHAJIOM. A d4rOo mnosydanocs Ha Bbixoge CD-mpowurpsiBatens? JlmHamMHuYecKuil aHMana3zoH
CYIIECTBEHHO LIMpe ¢ OOJIBIIMM NMUK-(pakTopoM. Ha paboTy ¢ TakuM CHUTHAIOM TpPaH3UCTOPHBIE
ycunuTenu He Obuin  paccuuTaHbl. M3-3a O4YeHb IIMPOKOTO YacTOTHOIO JlMama3oHa
TPAH3UCTOPHBIN YCHJIMTENb BHOCHJ CHJIbHBIE HCKXEHUS, H3-3a IUoxod ¢unbrpanun BY
COCTaBJISIOUINX IM(PpO-aHATIOroBBIX MpeoOpa3oBareneil. Kro-to nomymancs NOIKIIOYUTH
IIPOUTPBIBATENb KOMIIAKT-IUCKOB K JIAMIOBOMY YCHJIUTENIO C €r0 KpalHE y3KMM YacCTOTHBIM
IMAINa30HOM, U 3BYK cmain 6o/iee nPusimHulM.

Ha 3ape pa3BuTusi TpaH3UCTOPHON TEXHUKU OOBSCHEHHE TOMY, YTO JIAMIOBBHIE YCHIIUTENN
3By4yaT Jy4mie, ObLJIO MpPOCTOE€ - TOJYMPOBOJHUKOBBIE MpHOOpHI ObUIM TOTAA eIe
HeOe3ynpeunsl. Ho 110 BpeMs, TpaH3UCTOPHI COBEPIICHCTBOBAINCH, U NpEKHEE OOBICHEHUE
(dheHoMeHa JamIo
BOT0 3ByKa BBI3BIBAJIO BCe OoJbIIe BOMpPOcOB. B camom xene, KOXPPHUIMEHT HETUHEUHBIX
UCKQXEHUM Yy COBPEMEHHBIX MOJENel BBICOKOKAUECTBEHHBIX TPAH3UCTOPHBIX YCUIUTENEH
coctasisier 0,01-0,001% (Ta61.3.2.). A y IaMHOBOTO YCHJIMTENS IO CaMOMY HPUHIMILY €ro
NEHCTBYS HEMMHENHBIE UCKAXKEHHS cocTaBisIioT 0oiee 0,5%.

Ta01.3. 2. XapakTepuUCTHKH YCHJIUTEINCH OBITOBOM paJIMOTEXHUKH

[Tapamerpst 1930... 1950... 1990...
1940 1960

Koadduuunent rapmonuk, % 7...10 2...3 0,001...0,01

Junanazon BocpousBoguMeix yactot, ['n | 100...5000 60...12000 5...20000

Brixonnast MontHocTh, BT 1...2 4...6 10...100

KoncTpykiust 60bIIMHCTBA JAMIIOBBIX YCHIIUTENCH ycTpoeHa TakuM 00pa3oM, U4TO CHUTHAaI
Ha AaKyCTHUYECKYI0 CHCTEMY IOJaeTCs 4Yepe3 BBIXOAHOW TpaHchopMmaTrop. OTO yXyJUIaeT
BOCIIPOU3BEICHHE ITyOOKHX 6acoB. JlaMIoBOMYy YCHIIUTENIO C TPYJOM JaeTCsl BOCIIPOU3BEACHNE
JUHAMMYHBIX MOMEHTOB B MY3BIKQJIbHBIX NPOU3BEACHUAX. TeM He MeHee, 3ByuaHue JaMIIOBOI
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amnmnapatypsl CyObEKTHBHO BOCIpPHMHHMMAETCS Kak Oojiee MpPUATHOE IO CPaBHEHUIO C
TPAH3UCTOPHOM. 3BydYaHHE YCHIIUTENS OUEHb «COYHOE», XOPOIIO MpOpadaThIBAIOTCSA JETalIH
3BYKOBOM KapTHUHBL

[To MHEHMIO MHOTHX CIIEHUATMCTOB Mapal0OKCalIbHO CyObEKTHBHO OLIEHUBATH 00Jiee BHICOKO
YCTPOWMCTBO, y KOTOPOrO TEXHMUYECKHE XapaKTepUCTHKU Xyxke. Ho cymecTtByer u uyerkoe
HayyHOe 0ObsicHeHue 5ToMy (eHomeHy. Jla, COBpeMEHHBIH TpPaH3UCTOP BHOCUT MEHBIIE
UCKQXCHUM B CUTHAJ], 4yeM paauonaMna. Ho 3T0 UCKaXeHMsl pa3ln4yHOrO TUIA, M TO, Kak
U3MEHSET CUTHAI pajuoiamia, 00jiee TepIUMO BOCIIPUHMMAETCS YEJIOBEYECKUM CITyXOM.

Paguonamna npu ycuneHuu odobasnsem 6 cuenan yemmuvie 2apmonuru. CyObEKTUBHO CIIyX
BOCIIPUHUMAET 36yuanue, 8 KOMOPOM eCmb Yemmuble 2apMOHUKU, Kak bonee mennoe. B ToM, 4To
TaKMe TapMOHMKHM HEM30€XKHO J00aBISAIOTCS MpH YCWICHWH, €CTECTBEHHO B pPa3yMHBIX
npejenax, ecTb Jaxke Mojb3a, IOTOMY YTO 3ByYaHUE CTAaHOBMTCS Oosiee MPUATHBIM Ui CIIyXa.
Kpowme Toro, n1amMnoBslii ycUIuTenb 100aBisieT OT ce0s IIIaBHBIM 00pa3oM TapMOHHKH HHU3KOTO
nopsiaka (B OCHOBHOM 2 U 4), KOTOpbIE BBI3BIBAIOT y CIyLIaTeNsi MEHbIIE pa3ApakKeHUs, YeM
TapMOHUKM BBICOKOTO Topsiaka. Jlns TpaH3ucTOopa XapakTepHO JJ00aBiIeHHE B CHTHal B
OCHOBHOM HEYemMHbIX 2APMOHUK.

Ham ciyXx BoCHpUHHMMAET 36YK, 0002aujeHHbl HeuemublMiu 2apMOHUKAMUY, Kak Ooiee
peskuil. K ToMy ’Xe TpaH3MCTOpPBI NalOT TApMOHMKH BBICOKOTO Mopsijka (7 W Jaxke BBILIE),
KOTOpbIE pa3fpaxarT ciayX. Takum o0pa3oM, MPUATHOE 3BYYaHUE JIAMIOBOTO YCHIIMTENsS
CO3/1aeTCSi BO MHOTOM 3a CYET «IPHUIPABbD» B BUJE JOMOJHUTEIbHBIX YETHBIX TapMOHHK.
B03MOXHO, JONONHUTENbHBIE YETHBIE TAPMOHUKH JaXX€ YaCTUYHO MAaCKUPYIOT HEUYETHBIE,
KOTOpBIE MOTYT BO3HUKHYTb, HallpuMep, B pe3ysibTaTe MOTPEHIHOCTE MpHu 1Hu(pOaHaIoroBoM
npeoOpa3oBanuu curnaia ¢ CD.

Eme oanuMm QaxTopoM, ONpeAeNsiomuM pa3HUIy MEXIy 3By4yaHHEM JIaMIIOBOM H
TPaH3UCTOPHON ammapaTypsl, SIBJISETCS OrpaHUYEHHE CUTHaNA. [ TpaH3UCTOPHOTO yCUIUTENS
XapaKTEepHO oicecmkoe ocpanuuenue. B pe3ynpraTe «BBIOPOCH» I'POMKOCTH, KOTOPBIX MHOIO
uMeHHO B curHaie ¢ CD, conmpoBOKJArOTCS XOpOILIO CIIBIIMMBIMH I€T4KamMu. B nammnoBom
yCUIIUTENE Ms2KOoe ocpanuuenue, KOTOpOe HE TaK 3aMETHO.

B 10 ke BpeMs Takol JIaMIIOBBIM YCHWJIMTEIb UMEET CBOM HepocTaTku. CoBpeMeHHas
JUHAMHMYHAs My3blka OyleT 3By4aTb Ha HeM J0BosbHO YHBUIO. KIIJ[ monHOCTBIO J1aMIOBOTroO
YCWIMTENS HU3KUH, MOITOMY, €CIU peub MIAET O ObITOBOM NPUMEHEHUH, MO BBIXOJHOMN
MOIIIHOCTH 3TOT THUIl YCHUJIUTENs MPOUTPHIBAET TPaH3UCTOpHOMY. JlJi yCUIIUTENs, T/i€ JaMIIbl
CTOAT Ha BBIXOJIE, MOAXOAAT JAJIEKO HE BCE aKyCTUYECKHE CHCTEMBI. TO €CTh IMpPUIETCS UCKATh
KOJIOHKH HE IO TM3aliHy U MOJIXOJSAIIMM rabapuTaM, a 1o UX BO3MOXHOCTU paboTaTh BMECTE C
JAMIIOBBIM yCHJIUTENEM. TeM He MEHee, y IOJHOCTBIO JIAMIIOBBIX YCHUJIUTENIEH HEMaso
MOKJIOHHUKOB, KOTOpbIE TOTOBBI MHUPUTBCA C HEKOTOPHIMH TIpobjieMaMu paaud  0co0oro
3BYYaHMUsI.

Camas BakHasi 0COOEHHOCTh TaKOT'O YCHJIUTENSI — BO3MOKHOCTh BbIOOpA MEXIY JBYMS
pe)xuMaMu paboTHl JaMITbl — MPUOOHBIM U MempoOHbiM. B 3THX peXuMax YCHWINTENb 3BYYHUT
no-pazHomy. Kakoil pexum inydimie BbIOpaTh, 3aBHCUT OT BKYCOB IIOJb30BaTeNid W >KaHpa
MY3BIKaJIbHOTO IIPOU3BENIEHUS, KOTOpOE OH CJIyIIaeT.

Bo3zHukaet Bonpoc: eciu 0COOEHHOCTH «JIaMIIOBOT0» 3BYKa CBOJATCS K JTOOABJIEHUIO HOBBIX
KOMIIOHEHTOB B CHUTHAJ, HEYXEIM HENb3sl OTO KaK-TO HMUTHPOBAaTb COBPEMEHHBIMU
cpenctBamu?  JleicTBUTENbHO, 3TO BO3MOXKHO. B HekoTopbIx  mpodecCHOHATbHBIX
TPaH3UCTOPHBIX YCHJINTENAX IS DJEKTPOrUTaphl UMEIOTCS CIIELUANIbHBIE 1I€NIH, UMUTHPYIOLINE
UCKaXEHUSI, XapaKTepHble Uil paguonamn. Jljig monmyaspHOH KOMITBIOTEpHOM MpOrpaMMbl st
BOCTIPOM3BEICHUA MY3bIKH WInAmp HCIONB3YIOTCS IUIarMHBI, 00OTalaoIlie CUTHAI YeTHBIMU
rapMOHHUKaMHU.

OpHako, MpUMEHEHHE KOMIBIOTEpHON 00pabOTKM CUTHAJIa WK e CIeUaNIbHBIX Iernel Ha
TPAaH3UCTOpaxX JaeT IMoKa Ooyiee CKPOMHBIE PE3yJIbTaThl, Y€M IPOXOXKJICHHE CUTHANIA uepes
JaMIMoBbId ycunurenb. Jlemo B ToMm, 4yTo mocie o0paboTku B IMQpoBoil ¢Gopme cuUrHail
MOCTYNAET Ha YuUppoanano206wlii npeobpasosameb, KOTOPbIA HOCUM NOMOM C80U UCKAACEHUSL.
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Yro Kacaercs ueneﬁ Ha TpaH3UuCTOpax, TO OHHU MOIYT obor allaTb CUr"Hal 4YCTHBIMU
rapMOHHKaMH1, HO IIpHU 3TOM BCC paBHO )IO6aBSIT €1I€ 1 HCUYCTHBIC. TeMm HE MCHEC, paauojaMiia
BBIITOJHACT MCPCUHUCICHHBIC (IJYHKI_[I/II/I HanOoJIee «ECTECTBEHHBIMY CHOCO6OM, HC ,Z[O63.BJ'I}I}I B
CUIrHaJl COCTAaBJIAIOIIHNX, KOTOPBIC pasapakaiud OBl HaII CIIyX. A 6cesozmodictvie umumayuu
pa6OI71bl paduoxzcmn NOKa 4Ymo nNpueHOCAmM HEKOMopbvle HENPUAMHblIE UCKANCEHUA.

3.4.2.®du3nyecKne OCHOBBI «JI1aMIIOBOI0 3BYKa»

3BYKOBBIE NIPOLIECCOPHI, UMUTHPYIOIIME 3BYK JAMIIOBOI'O YCHJIMTENS, IOCTATOYHO XOPOILIO
MIPEJICTaBJICHbBl Ha COBPEMEHHOM pbIHKE. BONBIIMHCTBO k€ JroOuTeNnel 3BYKO3alHMCHU IPO
panuonamibl 3a0bIIM COBCEM, a elle 0oJbIlle, KOTOpble ¢ HUMHU HHUKOT/Ia He BCTpeyauch. Jlims
YCUJIEHUSI HATIPSKEHUSI U MOIIHOCTH MCIOJIb30BAIMCh Pa3HbIE pPagUOIaMIIbl: TPHUO/IbI, IEHTOIbI
U Jaxe TeTpoabl. Y HUX MPUHIUINHAIBHO pa3Hble IMepelaTodYHble (YHKUUHU, pa3IuyHbl U
UCKaXEHUsI, KOTOPbIE OHU BHOCST. ECTECTBEHHO BO3HMKAET BOIPOC - 3BYK KAKOW paJHOJIaMIIbI
UMUTHPYIOT 3BYKOBBIE ITPOLIECCOPHI.

Y Tpuoma mnepeaarouHas  (GYHKIMS 1O TOCTOSHHOMY TOKY HMMEET NPUHIUIHAIBHO
HECUMMETPUYHBIN XapaKTep, U OHa JOCTATOYHO TOYHO OIMCHIBAETCS PABEHCTBOM

Uy =K U?

rre K- KodpQUIUEHT yCUIIeHHs, onpeaesieMblil YIJIOM HaKJIOHa MepelaTOYyHON (yHKIHU B
paboueit Touke (puc.3.12). 310 3HAYMT, YTO €ro nepeaarodHass QYHKIUS AGIAMCs UOeaNbHbIM
keaopamopom. J1isl ycuiieHus! IEpEeMEHHOT0 HaIlpsbKeHHsI paboyasi TOUKa Mo MOCTOSTHHOMY TOKY
BbIOMpAETCs MOCepeIMuHe Juarna3oHa pPEryJupoBaHUs C MOMOILNBI0 HANpPSHKEHUS CMEIEHus,
[I0/IaBAEMOT0 Ha YIpPaBJIONIYI0 ceTKy. [loka BBIXOZHON CHTHal HaxXOOUTCS B Ipelenax
MPUMEPHO JIMHEHHOT0 yyacTKa nepeaTouyHol pyHKINHU, UCKa)KEHHSI HEBEITUKU.

[Ipn nonHOM BBIXOJHOM MoIIHOCTH OHM MOryT nocturath 20...30%. Curaaa craHOBUTCS

in»

UBBIX
10

AHOIL Tpuox

RisITISLAITI
PR ot

i ozos 60z 1

Upgpy 6ostbiiom
1U YPOBHE BXOJHOTO CHTHANA

Puc.3.12. IlepenaTtouHast xapaKTepUCTHKA
TpHoJa B pexxume A

HECUMMETPUYHBIM OTHOCUTEJIBHO OCH BPEMEHHM, U B CIEKTPE BCET/ia MPUCYTCTBYIOT TOJIBKO 1 U
2 rapmoHuKH. [OCTOSIHHAsT COCTaBIISAIONIAsl BHIXOJHOTO CHTHAJa HE MPOITYCKAETCS BBIXOJIHBIM
TpaHchopMaTopoM WM (QUIBTPOM  BBICOKMX 4YacToT (OOBIYHBIN KoHAeHcaTop). Takue
MCKa)KCHUS Ha CIIyX HE 3aMEYArOTCS MO OIMMCAHHBIM paHee MPUIHHAM.
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[IpumeHsIUCh TPUOBI, TIABHBIM 00pa3oM, B MPEIBAPUTEINBHBIX YCHIIMTEISNX, OCOOCHHO B
KadecTBe  (pa30MHBEPTOPOB OaJlaHCHBIX  yCHJUTENeW MomHocTH. [lpu 3ToM OHHU
WCIIOJIb30BAJIUCh TOJIBKO B pPEeXKHMME A W YCWIEHHE OCYILIECTBISJIOCh TOJIBKO B Mpeaenax
KBa3WJIMHEWHOIO0 y4acTKa IMEepelaTOYHON XapaKTEPUCTUKU C HEJIMHEUHBIMU HCKAKCHUSIMH HE
6omsIre 0,5%.

Yeunumenu mowmnocmu na mpuooax BBIIOTHSIUCH no OanaumcHou cxeme (puc.3.13.), B
KOTOpPOW CHUTHAIBl Ha YINPaBISIONINE CETKU JIBYX TPHOJOB MOJAIOTCS CO CABUIOM MO (a3e Ha
180°. Jlns yeenwuenust KIIJ[ paGoume TOoukm 00emX JaMIl BBHIOMPAUCh B HIDKHEW YacTH
NepeaTOYHON XapakTepUCTUKH, YTO MPUBOAWIO K  YIUIONIEHUIO OAHOW U3 TOJIYBOJH

banancHelil ycunutens kiacca AB A
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Puc.3.13. Bo3HUKHOBEHNE W KOMITCHCANHS HEMTMHEWHBIX HCKAKCHUN B OATaHCHBIX JIAMIIOBBIX YCHIIATEIISTX

BBIXOJTHOTO CHUTHaja ¥ BO3HUKHOBEHUIO OOJBIIMX HETUHEWHBIX HCKaxeHud, a0 30%
bnarogaps nportuBodazHoil paboTe TpPHOJOB B TpaHcpopMmarope IMepBble T'apMOHHUKHU
CYMMHPOBAJIUCh, @ YETHbIE TAPMOHUKH BBIYMTANNCH. B pe3ynbrate Ko3((UIMEHT rapMOHUK
OB OYEHBb OJIM30K K HYITIO.

VY neHrona nATh YNpaBIAIOIMIKX 371eKTpo1oB. Ero nepegarounass (QpyHKIuUS MO MOCTOSIHHOMY
TOKY MUMEET CUMMETPUYHBII XapakTep, U OYeHb CHJIBHO MO (opMe HAllOMUHAET MEPEeIaTOuHYIO
(GyHKLIMIO MarHUTHOM JeHThl (puc.3.8.). B 30HaxX HachIeHUs CBEpXY M CHHU3Y IepeaTouHas
(GyHKIMST ~ ONUCHIBACTCSI  SKCIOHEHIHAJbHbIM 3akoHOM. dopma 3TOH XapaKTepUCTHKHU
IIPEIONPENEIIAECT XapakTep TapMOHUYECKHX MCKAXEHUM — B CIEKTPE MPUCYTCTBYIOT MOJbKO
HeuemHvle 2apmoHuKky. Eciu npaBuibHO BbIOpaHa pabouasi TOUKa, MOKa CHUTHAJI Majl, MaJbl U
HEJIMHEHHbIE NCKAXXEHUS, OHU MAKCUMAJIbHBI [P OTJaue MOJTHOM MOIIHOCTH PaJHOJIaMIIb.

Yeunumenu mowmocmu na nenmooax CTPOWINCH 1O TaKOW K€ CXeMe, KaK U Ha TPUOJaX.
IIpu BbIOOpe pabouyMX TOYEK Ha IUIABHOM H3JIOME NepelaTOYHOM (YHKLIMH, B KaXIOM M3
KacKa/loB OaJlaHCHOM CXeMbl, BO3HHMKAIOT YIUIOIIEHHUS OJHOW M3 MOJYBOJH, HO IMPH 3TOM
BO3HHMKAJIM Kak YeTHble, TaK M HEYeTHble TrapMoHUKU. braromaps OanmaHcHOl cxeme
MTOAABJISIIOTCS TOJIBKO YE€THBIE TApMOHUKH (puc.3.14.).
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Puc.3.14. CnexTpbl HelIMHEWHBIX NCKAXKEHUI B OaJJaHCHOM yCUJIMTEIIe MOIIHOCTH Ha MEHTOojax B pexume AB

[Tonmyyaercss oueHp nr00OMbITHAS KapTUHA. KTO-TO MMHUTHpPYET JaMIIOBBIA 3BYK, BBOAS 2
rapMOHMKY, WHOTJA €Ille U JPYyrue YeTHble FapMOHHUKU. B TOXe BpeMsl MOUIHbIE JIAMIIOBbIE
YCWIMTEIM Ha TPUOJAX U MEHTOJaX B MPUHLMIIC HE MOTYT HMETh UCKa)KEHUIl B BHJIE YETHBIX
rapMOHMK. Takue HCKa)KeHHsT MOTIJIM BO3HUKATh TOJBKO B IPEABAPUTENIbHBIX KacKaJax
YCWJICHUS, U TO OYEeHb HeOOJbIIME, MO KpailHe Mepe MEHbIe, YeM >K€ TaKOro Xxapakrepa
UCKaXEHHSI B TPOMKOTOBOPHUTENISX.

Hpyroii umutupyer  3¢p(deKT HachIEeHUs MAarHUTHOW JIEHThl C €€ HEYETHBIMU
rapMOHHMKAaMH, U, IO-BUJIMMOMY HE 3HAET, YTO TOYHO TAKHUE K€ TapPMOHUKH CO3JA0T MEHTOBI.

1 V:ke coBceM 3a0bUIH, YTO B MAarHUTO(hOHAX TOXKe OBLIH JIaMIIbI,
KaK IpaBWJIO, NEHTOAbl. MarHUTHYIO 3alIUCh MOTIJIM CJBILIAThH
0.5 au00 C JaMIIOBBIMH, WJIM TPAH3UCTOPHBIMU YCHIUTEISIMHU.
Pa3Be BO3MOXHO  pa3fenuTh HMX MCKAXEHHUS Ha CIyX.
0 7 Wmutanus namMmoBoro  3Byka H 3ByKa MAarHUTHOM
| ¢doHOrpaMMBbl MOX0Xa Ha MHUCTU(UKAIMIO C KOMMEPUYECKHUM

08 g<— IOJTCKCTOM.
| Het comMHeHus1, YTO TaMIIOBbIE€ YCUJIUTEINS 3By4aT HE TakK,

SR E— 05 1 KaKk TpaH3UCTOpHbIE, HET COMHEHMs, YTO LUPPOBOH  3BYK
BOCHpI/IHI/IMaCTCSI Ha CJ'IyX nHa4ye, 4YeM aHaJ'IOl"OBBIfI.
Puc.3.15. Tlepenarounast GyHKITUS C
MMHTATOPA OHOCTOPOHHETO OMHCI{I/IH €CTb TOJIBKO B TOM, YTO IIPUYIMHA 3TOI'O KPOCTCs B
IIJIABHOTO KIIMITUPOBAHMS HCJINMHCUHBIX HCKaXCHUAX, TCM 60.]'[66, Koraa 3TO Kaca€TCsa
npodecCUOHAIBLHOM annaparyphl.
Ecnu Bce comMHEeHHs OTOpPOCHUTH B CTOPOHY, BBEACHHUE TOJBKO BTOPON FApMOHUKU MOXKET
6BITB BBIIIOJIHCHO B COOTBCTCTBUU C AJITOPUTMOM

U(t)out = Ksign |:llj(t)in + Kharm mjz(t)in > (3.5)

FI[eKsign- K03(p(OULUENT Mepenaun CHrHAIBHOTO TpakTa, Kjgm,- KodpduuuenT nepenaun

TpakTa, B KOTOPOM (OPMHUPYIOTCS TapMOHHMKH BXOJHOTO CHUrHaia. bojblnoe 4mciao TONbKO
YETHBIX TAPMOHHUK MOKET OBITh CO37]aHO C UCTIOJIB30BAHUEM JIPYTOTO aNTOpUTMA

U(t)out = Ksign |:a](t)in +Kharm |:llj(t)zn| . (3.6)

Ecnu mpu 5TOM BXOJHON CUIHAl ONMHMChIBaeTcs (yHKuued J(X);, =SINX, To B BBIXOZHOM
CUTHAJIe CUHTE3aTOpa FapMOHUK TOSBIISETCS MOCTOSHHAS COCTABIISIONIAs], TPOUCXOJAUT TOBOPOT

Tt
¢a3bl Ha > Y TIO9TOMY aMIUIUTY/ bl YETHBIX TAPMOHHUK YOBIBAIOT I10 3aKOHY

2 4[Ios2x cosdx cosbx

C
==-2 + + *...
You =710 Y35 sy TR G

Tt
JUist peanu3aiuy 3TOro alNropuT™Ma HY»KHO MCTIONIb30BaTh (pa3oBpamarens Ha 5

B GonpmmHCTBE maruHoB, Hanmpumep, Distortion pemakropa Sound Forge 6, xoTtopsie
OCYIIECTBISIOT CIIEKTPAIbHYI0 00pabOTKY 3BYKOBBIX CUTHAJIOB, UCIIOJIB3YETCS HECUMMETPUIHOE
TUTABHOE KIIUIHPOBAHUE TI0 SKCIIOHCHIIMAIIbLHOMY 3aKoHY (puc.3.15.). Ilepemarounas ¢pyHKIus
HMUTATOpPA B 3TOM CJIyda€ MOACIINPYCTCS paBCHCTBOM
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V. o- KpyThu3Ha HW3MCHCHUSA OSKCIIOHCHTHI. I/ICHOJ'HJSYCTCH n I[perﬁ AJITOPpUTM  BHCCCHUA
HCKa)KCHUI B BUJAC YCTHBIX W HCUYCTHBIX TapMOHHK II04 Ha3BaHUCM fUZZCXp , KOTOpBIfI
OIMUCBIBACTCA MATEMATUICCKUM BBIPAKCHUCM

U.
Uout = ﬁ ml e

1

v2/|U-

’"l) (3.9)

[Io MHEHHIO MY3BIKAHTOB “‘npasunvhvle’’ “1amnosvie” HeluHelnble UCKadiCeHUs Ha CTaAuN
MIPEIBAPUTENLHOTO YCUJICHUS! CHUTHAJIa JTOJKHBI T€HEpUpOBaTh KaK YETHBIE, TaK U HEUYETHbHIE
TApPMOHUKHU MCXOJHOIO CUTHAJIa C I0CTaTOYHO OBICTPBIM CMAJOM HX aMIUIUTYJ, HauuHas ¢ -18
nb s BTOpoW rapMoHMKU U 10 -72 nb mnst 18 rapmonuku. B ciydae oTcyTCTBUS UYETHBIX
TapMOHHK 3BYK TPHOOPETAET HeecmecmeeHHblll CUHME3UPOBAHHbIL, NIOCKUll, ‘‘OedHblil’”,
“npumumusHwvlli”’ OMmMeHOK.

3.5. DkcaiiTepbl, JHXaHCEPHI U BUTAJIali3epbl

3BykoBo# mporeccop mon HasBanmeM Aural Exciter paspaborana um 3amaTeHTOBaNa
komrnanuss Aphex . B Hacrosmiee Bpems Moa 3TUM OpEHIOM IOHMMAETCs — AJITOPUTM
HEIIMHEHHON 00pa0OTKM 3BYKOBBIX CHUTHAQJIOB, CIy)KalllMi, TJaBHBIM oOpasoMm, s
BOCCTAHOBJICHUSI MUKPOJMHAMHUKHN 3BYKOBBIX CUTHAJIOB B Juamna3zoHe dacToT Beime 1...2 kl'm.
OTO0 nocTUraercs IMyTeM TIEeHEpUPOBaHMS U MOJMEUIMBAHHUS K CHUTHAIY JOIMOJIHUTENbHBIX
rapMOHHK, 4alle BCEro, BTOPOM. B 3aBUCMMOCTH OT TOro, Kakue TapMOHUKU JOOaBIIAIOTCH,
KaKoro OHHM ypOBHS M (ha3bl, MEHsSETCS TeMOp W JAWHAMHKA 3BYKa, €My IMpHIACTCs TEIUloTa U
HacbIEeHHOCTh. OcOOEHHO YacTo Takast 00paboTKa MpUMEHseTCs MPU 3allUCH BOKaA.

OKcallTeppl pa3IUYHbIX MOJENEeH OTIMYAIOTCS OYEeHb CHJIBHO KaK II0 aJlfOpUTMaM
CHEKTPAJIbHOW M 4YacTOTHOM 0OpabOTKM 3BYKOBBIX CHUTHAJOB, TaK M IO TEXHUYECKUM
BO3MOXKHOCTSIM.  YacTo B cOCTaB JKcalWTepa BXOAMT M DHXAHCEp. XOTS BBOJUMBIEC IPHU
CHEKTpaJIbHOW 00pabOTKErapMOHUKH JOCTAaTOYHO HHU3KOIO YPOBHS, HM3MEHEHHE TeMOpa
3By4aHMsI 3aMETHO CHJIBHO M Ha CPEIHUX U Ha BBICOKMX YacToTax. llpu 3tom uacmommwiii
Oananc He HapyllaeTcs. DKcalTep TONbKO YBEIMYHMBAET WHTEHCUBHOCTh T'APMOHHUK BBICOKHX
9acToT, 0€3 yXy/IIIEeH!S OTHOIICHUS! CUTHAJI/IITYM.

[Io MHEHMI0O MHOTMX MY3BIKAHTOB, BBOJUMBIE B JKCAUTOPE 2APMOHUKU MY3bIKANILHO U
OUHAMUYHO CBA3AHbI C OPUSUHANIOM 36YKd, U OHU BBIIENIAIOT Pa3IMYUe MEXAY rojJocaMHu U
pa3IMYHBIMM MHCTPYMEHTaMU. BOCIPON3BENEHHBIN CUTHAN 3BYYHMT COBEPILIEHHO HE TaK, Kak
UCXOAHBIA JKUBOM 3BYK C TOTEPSHHBIMM TapMOHHUYECKUM JETalIMH, 4YacTo TYCKIO U
6e3xu3HeHHo. [Ipy Mcnosb30BaHNM FKCaTepa YXOAUT BaTHOCTh U MYTh, 3By4aHHUE CTAHOBUTCS
YETKUM M MPO3pauyHbIM. 3HAUUTENBHO YIy4IIaeTcs MpopadOTKa W BOCHPUATHE MeEIbHalIINX
JeTajell 1 HbI0AaHCOB 3BYKOBOI'O CUTHAJIA, 3BYK CTAHOBHUTCS JKMBBIM U €CTECTBEHHBIM, HAUMHACT
npimate. Bokanm mocie oO0paboTkM mproOpeTaeT MOBBIIMIEHHYIO YETKOCTh M TOJETHOCTH, a
MHOTME€ MHCTPYMEHThl HAaYMHAIOT 3By4aTh JIydllle, YeM >KHMBBIEC. B pe3ynbrare Tako omepanuu

butnd [ o| durstbcier| _iypase |
~_ctactory eraun> | compare] o | sate | (©)

DANE D) tive (D) oensiTy 1) ax D sow0 D) sk D) BYeass Oum Loko DT

AURAL EXCITER
TYPE I

LEVEL TUNE PEAKING NULL FILL  HARMONICS TIMBRE

Puc.3.16. Dkcaiitep “Aphex Aural Exciter, Type 1117
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3BYKOBOW CHUTHaJ] 00oramaercs rapMOHUYECKMMHU COCTABJISIOIIMMHU U y CIyIIaTelss BO3HUKAET
OIIYIICHHE TITyOWHBI U TEMOPaTbHON HACBIIIEHHOCTH TOJIOCA.

Komnanuss ~ Aphex paspabortasia M 3amaTeHTOBaja CBOW 3BYKOBOHM mpoleccop Ioj
HazBaHueM Aural Exciter, mostomy [apyrue NpOM3BOAMTENN HA3bIBAIOT CBOM TNPUOOPHI
aHaJOrMYyHOro  HasHaueHus  «OuxaHcep»  (Enhancer), wacto ¢ no0aBieHuem
«TIcUX0aKycTHueckuit». Jlpyrue npeanountatoT HazBanue Buranazep (Vitalizer). Mexny Bcemu
TUMHU IPUOOPaMU NPUHIMITHATIBHON pa3HUIIbI HET, TaK KaK MPUHIIMI UX paOOThI 3aKIII0YAETCS B
M3MEHEHUHU CIIEKTPAJIbHOIO COCTaBa TapMOHUK C IPUMEHEHHUEM HEJIMHEMHBIX 3JIEMEHTOB W
4acTOTHO-(ha30BOM KOppeKLnn

Ouxancep — 3TO aNTOPUTM YCHJIEHUS TapMOHMYECKUN MCKaKEHUH B 00JIaCTH BBICOKHX
YacTOT C BBEJCHUEM U 0€3 BBEJACHMS JIOTOJIHUTENbHBIX FAPMOHUK HE BBICOKOTO ypoBHs. B

ﬁ FIDELITY
| —

ﬁ AMBIENCE

<

A0 SURROUMND
W]

2
g
4

ﬂ D¥YMNAMIC BOOST

ﬂ HYPERBASS

3

] Husic ] HUsIc ]

TTFE 1 TTPE 2

Puc.3.17. AunanoroBoe okHo DHXaHcepa DFX

OTJIMYME OT DSKcaiTepa B ATOM QJITOPUTME YacTO IPOU3BOJIUTCS CIBUT (a3bl WM 3aJEpiKKa
KOMIIOHEHTOB CTEPE0 CHUTHajla C MOCIEIYIOIIEM HMX NOJMEHIMBAHUEM K MCXOAHOMY CHUTHAIY.
OT0 pacmmpseT crepeodasy U ylydlaeT JOKaIU3alnio HHCTPYMEHTOB MHKca. Takol anroputm
paloThI HA3BIBAIOT «IIpocmpancmeenbill SIHXaAHCEP»

CoBpeMeHHbIE JHXAHCEPBHl MOTYT OBITh JBYXKHAJBHBIMH M TOTJa OHHM  COJAEpKar
JOTOJTHUTENBHBIA CHIEKTPAIbHBIN npoyeccop  cybeapmoHux, IEUCTBYIOIIUMH B AMana3oHe
20....120 Tm. C ero mOMOINBI CHHTE3UPYIOTCS CYOrapMOHHMKH HAa OKTaBY HW)KE YacCTOTHI
OCHOBHOTI'O TOHA. Tako# sHXaHCEp 4acTO BXOAUT B COCTaB dKCaWTEpA.

Cyl1ecTBYIOT 3HXaHCEpBI, KOTOPbIE MPSIMO He 000asAI0n HOBbIX 2APMOHUK, HO MPOBOIST
OUHamuueckoe 8blpagHuUsanue u cosue gazvl cuenana. Ha mpakTuke 3T0 03HAYAET, YTO B CHUTHAII
N00aBJISIOTCS YCUJICHHBIE BepXHUE YacTOThl. CIBUT (a3bl 00yCIaBIUBAET TO, YTO CYOBEKTUBHOE
BOCTIPHSATHE PAa0OTHI TAaKOTO YCTPOHCTBA HUYEM HE OTIMYACTCS OT PE3yJIbTaTOB OOpPabOTKH
MpUBBIYHOTO 3HXaHcepa. ONHO MPEUMYIIECTBO 3TOH CHUCTEMBI COCTOMT B TOM, YTO KOTJa Ha
BXOJIC HET CHTHaJa WIM OH CIMIIKOM MaJl, TO HUKAKOH OOpabOTKM HE MPOMCXOIUT, a CTAJIO
ObITh, IIyM B TUXHX Macca)kaX U Iay3ax HE YCHJIMBAETCSA. DHXaHCEp MO3BOJIAET B psje CIydaeB
clenarh 3By4aHHE HECKOJIBKO 0oyiee YETKHM U “KOHKPETHBIM”, - 3BOHKMM. OCOOEHHO XOpoIl
SHXaHcep ISl 00pabOTKH OTAENbHBIX 3BYKOB, IPEUMYILIECTBEHHO C PE3KUMH aTakaMmi (yJIapHbIe,
“xene3o0”, U T.J.).

CylecTBYIOT MOHO U cmepeo 3HXAHCepbl. YTPaBIEHUE CXOIHO. YPOBEHb CHUTHajia
OTOOpaXCH Ha JHCIUIeE, €CTh perymsatop «drive», TpH TOMOIIM KOTOPOTO MOoAOUpacTcs
He0OXOAUMBIIA
ypoBeHb. [lonb3oBarens pemaer, Ha KaKyro 4acTb ayJuo0 CHEKTpa JOJDKHBI BIUATh TAPMOHUKH -
TOJIbKO HA BEPXHUH Kpail UM BHU3 JO CEpeauHbl. B ciydae ¢ MOJHBIM CTEPEeOMUKCOM ObIBaeT
JOCTaTOYHO J100aBUTh HEMHOTO SIPKOCTH TapesKaM WU JbIXaHus - rojocy. Eciu ke BbI XoTHTE
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U3MEHHUTH 3BYK TOJIBKO OJHOTO Majoro OapabaHa, TO TOTJa HY>KHO BJIUSATH Ha OOJBIIYIO YacTh
criektpa. @UIBTP B ATOM cilydae JOKeH ObITh YCTAHOBJICH Ha 0oJiee HU3KYIO YacTOTYy.
DHXaHcep MOXKET ObITh MPUMEHEH Ha 3Tare MUKIIUPOBAHUS JJIS TOTO, YTOOBI JJOOABUTH B ay IO
KapTUHKY KOHTpacT. Eciii BEI cienaeTe 3ByK OJHUX WHCTPYMEHTOB OoJiee SIpKUM, a OCTalIbHBIE
ocTaBUTE HEOOPaOOTaHHBIMU, TO Pe3yJbTaT OyAET 3By4aTh SIPKO U XKHMBO, a BaIllM YIIU HE OyAyT
ycTaBaTh Tak ckopo. Eciu ke cienarh sipkuM Bech MHKC, TO HIMMYHHUTET K SPKOCTH Pa30BbETCS
OUYeHb OBICTPO.
CHayasia HYy)KHO 000TraTWTh TapMOHUKAaMU 3ByuYaHHE Tapesiok (M Jake Bcel yaapHOIl
YCTaHOBKH), IIOTOM aKyCTHYECKOW T'MTapbl U, KOHEYHO K€, BOKaJIa. DTO MOXKHO CIeNaTh MyTeM
CO3MIaHMsI CTEepPeo MOATPYMIEl (coOpaTh B Hee BCe TpPEKH, TPeOyoIe BMEIIaTebCTBA
SHXAHCepa), U B Pa3pblB IMOJArPYIIBl BKIIOYUTH Ipoleccop. B 3ToM ciyuae paxe 3amuce,
CHIeNaHHAas HE CaMBIMHU JIyYIIUMH MHKPO(QOHAMH, 3a3BYYHT BIICUATIISIONIE, ONPEACICHHO, U
BOKaJI CTaHEeT Oonee OIM3KUM u UHTHMHBIM.

MOXHO TakKe HCIIOJIb30BaTh YHXAHCEP, YTOOBI OKUBUTH U CIIENIaTh 0OJee SICHBIM 3ByYaHHE
CHHTE3aTOPOB U COMIUIEPOB, KOTOpbIE HE MMEIOT JIOCTaTOYHOHM mosiockl. Hampumep, cTpuHre
3a3BydaT COBCEM IO JPYroMy, ¢ HOBOW riyOmHo#. Ecnm BeI korma mubo paboTtanu ¢ MHaHUHO
Fender Rhodes, Bbl 00HapyXkuTe, YTO PHXAHCEP MPUAAET €My aTaKy, KOTOPOW eMy Bcerja He
xBatano. CHHTE3WpOBAaHHBIE M HACTOSIIUE TyXOBbIE WHCTPYMEHTHI TaK)Ke MOTYT OBITh
00paboTaHbI ¢ MOMOILBIO SHXAHCEPA: ITO MPHUJIACT UM PE3KYI0 aTaKy, KOTopasl ObIBaeT TOJIBKO y
XOpOIIO 3alMUCAHHON JKMBOM MyXOBOM cekiuu. Kak W B ciaydasx ¢ APYrUMH MPOLECCOpaMU
CHUTHAJIOB, 9KCHEPUMEHT - Jydiee, 4TO BBI MOXeTe c/enars.

baobapaban u mainblil 6apabaH, B 3By4aHHM KOTOPBIX HE XBaTaeT IIE€T4YKa, MOTYT BBHIUTPATh
OT NMPHUMEHEHHs YHXAHCepa, KOTOPHIX YIUIOTHUT 3BYK. MIMEHHO 371€Ch BBl MOXKETE YCTaHOBUTh
HU3KYIO0 TpaHully ans guiabTpa. B ocoGenHocTn xopommuii 3pexT Bo3HUKaeT mpu oOpaboTke
MaJoro OapabaHa.

Kpome ommcaHHBIX CilydaeB MpPHUIAHHS JKABOCTH XOPOIIMM 3alHCsSM, YHXAHCEpP YacTo
yIoTpeosiercs Ul yIydlleHns 3By4aHus CTapbIX MacTep-JIEHT U NMPOCTO IJIOXMX 3anmucent. s
TOr0 OH CTaBUTCSA IOcie JAMHaMuU4eckoro mrymomnonaBurens (dynamic noise filter) u
BOCCTaHABJIMBAET MOTEPU BEPXHUX YACTOT, KOTOPhIE BO3HUKAIOT B Mpoliecce paboThl GHIbTpa
17001 u3-3a BO3pacTa JICHTHI.
DHXaHCephl OYeHb IIUPOKO PACIPOCTPAHEHBI 6 gude niazunos Kk ycunumenam Winamp u
Windows Media Player. C momomisto DFX ycTpaHsSrOTCS ABa TJIaBHBIX HEJOCTAaTKa - Cpe3
BBICOKMX YacTOT M HEJOCTaTOYHOE pa3jielieHne cTepeoda3bl M ee TJIyOMHBI, a Takke
nobasisitorcss pexkumbl 3D Surround u  cymepOac. Ecte xopomas mnongdopka 3apaHee
3arOTOBJICHHBIX HACTPOEK, TO €CTh IMPECETOB.

DFX ynydmaer npourpsIBaéMblii 3BYK IO CJIEIYIOIIUM HAIIPaBICHUSM. ..

1. «Harmonic Fidelity Restoration» - koMreHcarusi (HHTEPHOISAIIMOHHBI METO/) BBICOKHX
9acToT, 00pe3aHHBIX B MTpoIlecce KOAUPOBAHUS Paid COKpAIEHHs pa3MepoB Qaiina;

2. «Ambience Processing» - KOMIEHCHpYET IIyOMHY 3ByYaHUS M peanusyer <«d¢p¢exT
OKPYXXEHHSD» TIPH TIPOUTPBIBAHUN MY3bIKAIbHOW KOMITO3UITNH;

3. «3D Surround Processing» - 3Ta (QYHKIHS ~ «JeNaeT akKLUEHT»  Ha CO3/aHUM
TICEBIOTPEXMEPHOTO 3BYKa XOPOIIEro Ka4ecTBa JIaXKe Ha JIBYX KOJIOHOYHBIX ayINO-CUCTEMaX;

4. «Dynamic Gain Boosting» - KOMIEHcalUsl «3a)KaTOCTW» MPOUTPHIBAEMOI0 3BYKa,
NIPUTAHNAE eMY «TUTHAMUYECKOI» COCTABIISIONICH U YCUIICHUE HHTEHCUBHOCTH 3BYYaHHUS;

5. «HyperBass Boost» - ¢ ¢dyHKIIMOHATBHON TOUKH 3peHus, 3To antunoa Harmonic Fidelity
Restoration, koMIneHCHpPYeT HIKHHE YacTOThl U OTBEYAET 3a J100aBJIEHHWE B MPOUTPHIBAEMYIO
KOMITO3HUIIUIO TIIyOOKOro 1 6oraroro 6aca;

6. «Headphones Output Optimization» - UCTIONB3YyeTCS, €CIIH MOIH30BATEIb MPOCTYIITUBACT
MY3bIKY B HayIIHUKAX, MOAYJIb MOJUPHUIMPYET 3BYK TAKUM 00pa3oM, YTO y YeJIOBEKa CO3JaeTCs
WILTIO3WS, YTO UCTOYHUK 3BYKa HE «CHIUT» IMPSIMO B yIIaX, a HaXOAWTCS CHepeau, Omaromaps
yeMy CyObEeKTHBHO 3BYK CTAaHOBUTCS 00Jjiee MPHUATHBIM, €CTECTBEHHBIM M MEHEE HaIPATaroIluM.
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['naBa 4. 3BykoBbie 3(h(PEeKThI
4.1. 3BykoBoOi 3Q(PeKT «TPEeMOJI0»

Tpémono B TEpeBOJE C HUTAIBSHCKOTO O3HAYACT <«JIPOXKAIIMii». DTO TpUEéM WIrphl Ha
CTPYHHBIX, KJIaBUIIHBIX, CMBIYKOBBIX U JTyXOBBIX MY3BIKaJIbHBIX HHCTPYMEHTAaX, IPU KOTOPOM
nenaercss ObICTpOe MOBTOPEHHE OIHOTO 3BYyKa JHMOO OBICTpOE uepepoBaHHE JBYX HE COCETHHX
3BYKOB, JBYX CO3By4HMi (MHTEpBaJIOB, AaKKOPJOB), OTAEIHHOrO 3Byka U co3Byuus. Ha
CMBIUYKOBBIX MHCTPYMEHTaX MPEUMYIIECTBEHHO NPHUMEHSETCS TPEMOJIO Ha OJHOM HOTeE,
MPOUCXOsIIee OT OBICTPOro JBKKEHHS CMbIYKa BBEPX U BHHU3. TpeMosio U3 ABYX
YEepeIyIOLIUXCsl HOT, HA3bIBAETCS TPEMOJO-Jeraro. TpeMoso SBISIETCS OCHOBHBIM INPHUEMOM
WUTpbl Ha MaHAOJMHE, AoMpe M Oamanaiike. Ha ciyx »ToT 3(dekt BocmpHHMMAETCS Kak
JPOXKaHUE 3BYKa.

B »5eKkTpoHHON MyY3BIKE TPEMOJIO paccMaTpPUBAETCS KaK YACTHBIM ClIydail aMIUIUTYIHOIO
BUOPAaTO U UMUTHPYETCS] C MOMOIIBIO aMIUIUTYAHONH MOAymsiuu. B oTnuyme ot BHOparo, y
TPEMOJIO OTHOCHTENIBHO BbICOKass dactora BuOpammu (10...12 I'm), MakcumanbHas riayOuHa
MOJYJIAIUA JOCTUTAET 1, a MOIyTUPOBAHHOE KOJICOAHNE UMEET HMMITYJIbCHBIN XapakTep.

IIpu  amniumyonoii moodyrsyuu (AM) ammmryna A, nepuoamdeckoro KojeOaHus C
4acTOTOM F', HAa3pIBAEMOI0 HECYIUM, M3MEHSETCS MO BPEMEHM IOJ BO3JAECHCTBHUEM IPYroro
HEPUOANYECKOr0 Konebanus ¢ Gosee HU3KOM yacTtoTol Fjyy u MeHbInel amMmmurymou 4, . B
paMoCBsI3M Hecylllee KoJieOaHWe BCeraa SBISICTCS CHHYCOUJANBHON (YHKIMEH ¢ 9acTOTOH
3HAYWUTEIBHO BBIINIE, YE€M MAaKCHMaJlbHas YacToTa CIEKTpa MOJYJIUPYIOIIEro curHaiza. B
ayqUOTEXHUKE TPU  CO3/JaHUU 3BYKOBBIX J((EKTOB MIMPOKOMOIOCHBI MEPHUOIUICCKHIMA
3BYKOBOM CHTHAJ BBITIOJNHSAET (DYHKIHIO HECYIIEH 4acTOThl U MOIYJTUPYETCS HU3KOUYAaCTOTHBIM
MEPUOANYECKUM 3BYKOBBIM KOJIEOAHHEM C 9YacTOTOW OOBIYHO HIKE 3BYKOBOTO JHMAIa30Ha.

Ecnu 06a xonebanus cuHycouanbHbie, TO AM CUTHAJ 3alUChIBACTCS B BUJIE

a(t) = A,[1+mdos(2 hLF,,,; )] [dos(2 ¥ 1) |
rae M~ riryOuHa MOMYJISIIHH,
= md
AO
Cnexmp TaKkoro KojJeOaHUsi MOXKET ObITh NPEJCTaBJICH B BUJIE

a(t) = 4, eos(2 GTF @) + % Ros(2 IF + F, ;) @)+ % Bos(2 MUF - F, ;) B)]. (4.1)

Puc.4.1. AM curnai -OueHus

W3 3TOro paBeHCTBAa CJIENYET, YTO B CIEKTpe AM curHana HOPUCYTCTBYIOT TOJBKO TPHU
cocrapisonue: F,E+F,; u F—F, ;. Tnyouna Moxyisuud MoxeT MeHaThes ot 0 go 1. Ipu

MaKCUMaJIbHOW TIIyOMHE MOJYJSAIHUHA aMIUIUTyJa OOKOBBIX COCTAaBJSIONIUX CIIEKTPAa BIIBOE
MEHBIIIE aMIUTUTYABl HECYIIero KoieOanus. B 3aBUCMMOCTH OT HACOJOTMH HWCIOTHEHUS
MOJYJISITOpa B CIIEKTPE MOXKET OBITh €IIe W COCTaBIIAIONIAs CICKTpa MOIYJIHUPYIOIIETO

kosiebanus F,; .

AMITTUTYAHAST MOAYNSIHS B ayJUOTEXHHKE OTJIMYAeTCs TEM, YTO  CIBIIIHBI BCE
COCTaBJISIIOLINE CIIEKTpa MOJIYJIMPOBAHHOTO KoyeOaHUs, H €e CIyXOBOE BOCIpHSTHE
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CYIIECTBEHHO 3aBUCHUT OT 0COOEHHOCTEH ciyxa yenoBeka. [Ipu uvacrore momynsiuu Huxe 20 '

coctaBisionue cnekrpa AM wu3-3a Henunetinocmu ciyxa

HecKoJbkuX 4actoT (puc.4.1.). IlosTomy
1.0 T

0.6 k // 0.2

! \ i 0.4

// 1] ]

\\J 038

1.0

o 02 0.4 0.6 0.8 (K1)

= =
= ]

KOHCOHaHS

=
b3

LLIMEIAHS KA TIMYECKON NONOCE] =

Puc.4.2. KoncoHaHCHOE U IMUCCOHAHCHOE 3By4YaHUE

DuccoHaHs

BOCIIPHMHHUMAIOTCA KakK ouernus

OJHOBPCMCHHO CJIBIIIHBI TOHBI C YaCTOTaMU F, md >
Q

2 Fm d )51 HeCymas 4aCToTa F . Yacrota

}ind
konebannit (F+F,;)—F u F—-(F-F,;),

yactrota 2F,; =(F+F,;)-(F-F,;) nu
5T KojebaHus BCerga IONanarT B OJHY

BO3HHMKACT KaK PA3HOCTb 3BYKOBBLIX

KpuTHYECKYIO Tonocy ciayxa (Wi, ).

N3 rpaduka Ha puc.4.2. ciaemyer, 4TO
3By4YaHHe OMEHUU SBIISIETCS KOHCOHAHCHBIM,
€CIM  Pa3HOCTh MEXJAYy 4YacTOTaMH, HX

menbme 0,1 Wj,. Ono

JUCCOHAHCHBIM, Koraa
qaCToT HpI/I6.]'II/I}KaeTC5I K

CO3JAIOLIUMU

CTaHOBUTCsA
Pa3HOCTb

BCIIMYNHC 0,25 ka , OHH 3BYYAaT B YHHUCOH, KOrJa pa3sHOCTb MCKAY I3THUMU HaCTOTaMHU MCHbLIIC

0,03 W;,. B guanazone or 20 mo 500 I'm
KOHCOHAHCHO€ 3By4aHue AM BO3MOXHO MpHU yacToTax Moayiauuu Hwke 15 I'u, u Bbime 3...4

I'o.

Wiy, npumepno pasua 100 'y, mostomy
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sin Ot wet out

Puc.4.3. Cxema GpopmMupoBaHus 3ByKOBOT0 3(h(heKTa «TPEMOIIO»

Cxema Ha puc.4.3. MosicHseT NMPUHIMTI (HOPMHUPOBAHUS 3BYKOBOTO 3(dekra «Tpemorno». B
3TOM CXeMe Ha BXOJl MOJIaeTCsl 3BYKOBOW CHTHall M Jlajee OH pas3jeisieTcss Ha JiBa KaHaia. B
Ka)KJIOM M3 HUX MOKHO PETYJIMpPOBaTh YPOBEHb C MOMOIIBIO peryistopa ypoBHs (PY). Kanan, B
KOTOPOM  NPOM3BOJAUTCA  aAMIUIMTYyJHAas MOAYJALUS 3BYKOBOTO CUTHANa, MpU OINUCAHUU
IIPOrPaMMHBIX MOJYJIEM Ha3bIBACTCA wet out. Kanay, B KOTOpOM CHUTHal MpOXOIUT Oe3
U3MeHeHuH, - HaszbBaeTca dry out. J{ns cozmanus 3¢ddexra «rpemosno» B KaHanme wet out
npousBogutcss mnouth 100% AM 3ByKOBOro curHama, IpH KOTOpPOM CIIEKTpaJIbHbIE
COCTaBJISAOLIME OOKOBBIX MOJOC MakCHUMajbHbI. [IpM cCyMMHpPOBaHUHM CUTHAJIOB 0OOMX KaHAJIOB
UX YPOBHHU MOJIOMPAIOTCS TAaKUM 00pa3oM, 4ToObl TIyOnmHa AM BBIXOJHOTO CUTHAJa CyMMarTopa
He npeBbimana S...10%.

Jlnis wimrocTpanuu nporecca uMuTanun 3¢dexra «rpemono» Ha puc.4.4 MpuBeIeHbl CUTHAI

Left Channel
-10.0 ¢
-20.0 ¢ CHIHAIIBL TPEYrOIbHOM!"
— -300t dopmbi, F =100 T'rt, F,py =10 Tt
-40.0 -
> -50.0
-R0.0
-70.0
-80.0 I
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-100.0
-110.0
-120.0 ¢
-130.0 ¢

-140.0 ‘ | | ﬂ
200 400 GO0 aoo 1.0k 1.2k 1.4k
Fregquency (Hz)

dB

plitud

Relative Am

Puc.4.4.. Imutanus TpeMoJio — CUTHaJl ¥ €ro CIIEKTp NpHU B KaHaje wet out

Puc.4.5. Anroputm AM

B kaHase wet out co 100% AM wu ero cnekrp. Kak BUAHO Takoil cHUrHal HMMEET SPKO
BBIpQOKEHHBIH MMITYJIbCHBIN Xapaktep. B kadecTBe 3BYKOBOro curHaia (Hecymiasi) u
MOJIYJMPYIOIIETO HCHOJb30BAJINCh CHUTHAJIBI  TpeyrosbHOM ¢opmbl.  CHekTp Hecylero
KoJie0aHus B 3TOM CIIy4ae COCTOMT M3 OOJBIIOro Yuciia YOBIBAIOIIMX MO aMIUTUTYJE FTapMOHHUK
(puc.4.4.). Korna MoayIuMpyrOUMii CUTHANT TOXE LIMPOKOIOJOCHBIH B MPOMEXKYTKE MEXIy
rapMOHHMKAMU CHEKTpa HECYIIET0 KoieOaHusI BOZHUKAET MHOKECTBO OOKOBBIX COCTABJISIOUINX C
¥ WHTEPBAJIOM, paBHBIM Fj,;, W CHEKTp CTaHOBUTCS TOYTH CIulomHbIM (prc.4.4.). N3-3a
IIMPOKOTO CIEKTPa MOJIYJIHPYIOLEro KojeOaHus B cHekTpe AM curHajga NpPOUCXOAUT
MEPEKPHITHE COCTABISAIOMIUX OOKOBBIX MOJIOC.

[Ipu umdpoBoil peanuzanuu MOIYJIATOpa €ro mnepenaTodHas (YHKIMS ONpeaessercs
PaBEHCTBOM B TUCKPETHO-BPEMEHHOM 001acTu

y(m) =[1+mLin(n)]Lk(n), (4.2)

rae - Homepa BbIOOpOK, X(77)—BXomHOW 3BykoBOH curmam, Y(n)—AM curman, m(n)-=
MOJYJIUPYIOIIUN CUTHAN, " ~ riayOuHa MOAYISIMM, TNPEINoaraeTcsi, YTo MUKOBOE 3HAUYEHUE

73



m(n) =1, Anroputm 1umpposoii AM moscHsercs puc.4.5, OH BKIIOYAET B ceOs IBE ONepalyu
YMHOKEHHS ¥ OIHY - CYMMHPOBAaHHUS.

4.2. 3BykoBoi 3¢ ekt «<BUOPATO)

Bubpamo B mnepeBolie C UTAIbSHCKOIO $3bIKa O3HauaeT — BHUOpamus, kojebOanue, Kax

-E,0

120

|
I
-Inf.
I
N
N
-0 .

Puc.4.6.. YacTtoTHO-MOyIMpOBaHHbBIE KOJIeOaHMs (ITyHKTHP-MOIYIMpYIOmas QyHKIHs)

MY3bIKaJIbHBIM MpHEM, UCHOJb30BaHHWE BHOpaTO oboram@aer TeMOp 3BydYaHUs, MPHIAET eMy
0co0yr0 OKpacKy, TMHAMUYHOCTb U SMOIMOHAJIBHYIO BBIPA3UTEIBHOCTh. BuOparo- 3T0 mpuem
UCTIOJIHEHUS] Ha CTPYHHBIX MY3BbIKaJIbHBIX MHCTPYMEHTaX ¢ rpuoM, JyXOBBIX MHCTPYMEHTaX U
€CTECTBEHHOE CBOMCTBA roJIOCa IEBIA, IPU KOTOPOM IPOUCXOIAT IEPUOANYECKUE H3MEHEHUS
3ByKa IO BBICOTE, TPOMKOCTH U TeMOpy. BuOparo Ha CTpyHHBIX MHCTPYMEHTaX JOCTUTAETCS
MyTEM pPaBHOMEPHOTO KOJICOAHWs Mablia JIEBOM PyKH Ha MPIDKAaTONH UM cTpyHe. Ha myxoBbix
MHCTPYMEHTaxX BHOpAaTO CO3AAeTCsl JIETKMM OTKpBIBAHHMEM - 3aKpblBaHHMEM KiamaHoB. [leer
dbopmupyer BHOpaTo myibcanueil BO3AYIIHOTO naBieHus. Ha ciyx BuOpaTto BOCHIpWHHMAETCS
KaK 3aBbIBaHME 3BYyKa.

B TexHuke ucnonHeHus BUOpATO Beeraa mpeodiaaaeT Kakoid MO0 ouH mapaMeTp (BBICOTA,
I'POMKOCTb WJIM TEMOp), IOITOMY B 3JEKTPOHHOM MY3bIKE pa3inyaioT 4YaCTOTHOE, aMIUIUTYHOE
u ¢azoBoe BuOparo. COOTBETCTBEHHO OHU UMHTUPYIOTCS C TIOMOIIBIO YaCTOTHOM, aMIUTUTYTHON
u ¢a3oBoit Moxynauuu. Bo Bcex 3TMX ciaydasx BHOpaTo B TOM WM MHOW Mepe paciiupser
CIIEKTp 3BYKOBOT'O CHTHajia M Jenaer ero Oosee nuHamuuHbIM. Hanbosee yacto mcnosb3yeTcs
4acTOTHOE BUOPATO.

[Ipu rapmonmueckoil uacmomuol u Gazoeot MoOYIAYUY TPUHIUMHAIBHBIX Pa3TuIHi
MEXIYy HUMH HET, XOTs HMX peaJn3allMd OTIMYAIOTCA [OCTaTOYHO CHJIBHO. Ecmm ke
MOJYJIUPYIOIIUN CHUTHAJI SIBISIETCS IIMPOKOMOJOCHBIM, TO CTPYKTypa  MOIYJIHMPOBAaHHBIX
konebanuit UM u ®M pasznuuna. Hampumep, npu  [I-umnynbcHo#t dopMe MOTyTUPYIOLIETO
cursasa B cirydae UM B MOAYIMPOBAHHOM CUTHAJIE NIEPUOJAMYECKH CKAaYKAMHM MEHSETCS 4acToTa
Hecymedt (puc.4.6.), a B ciyyae ®M wyacrtora ocTaercs HOCTOSHHOW, a MEPUOTUYECKUMHU
CKayKkaMu MeHseTcs (a3a KoeOaHui.

B pagnoTexHHKe NpU 4aCTOTHOM MOIYJISILUU HECYyIas 4acTOTa SBJSIETCS FapMOHUYECKUM
KoJleOaHWeM, a MOIYJIHPYETCS CIOXHBIM CHTHAJIOM. B aynuorexHuke npu (OpMHPOBAHUU
3BYKOBBIX 3(P(eKTOB— Hecymiel sBIsSETCS LIMPOKOIOJOCHBIM 3BYKOBOM  CHUIHajd, KOTOPBIN
MOJTYJTHPYETCS IEPUOJMUECKUM CUTHAJIOM HE 0053aTeIbHO CHHYCOUIATBHOM (POPMBI.

He moxynupoBanHOe 3ByKOBOE KojeOaHHE OIMCBIBAETCS PABEHCTBOM

a(t) = A4, cos(2MLF [4) .
I[Ipu UM MrHoBeHHas  4YacTOoTa  3BYKOBBIX KoOJieOaHUU F(t) apnsercs  Qynkumein
MOJYJIMPYIOIIEN YacToThl £, B COOTBETCTBUM C PABEHCTBOM
F(t)=F +dF [dos(2hLF,,, 1), (4.3)
rne dF -oesuayus uacmomsl (aMIUTUTYIa YaCTOTHOTO OTKJIIOHEHHUSI)

B npuBenennsix Gpopmynax gacrora £'(¢) ectb He 4TO MHOE, KAK CKOPOCTH M3MEHEHHs (Dasbl

KosieOaHus, TOITOMY 3aKOH U3MEHEHHUs1 (ha3bl 3ByKOBOT'O KOJIEOAHUS SIBJISAETCS MHTETPATIbHBIM
[0 OTHOUICHHIO K HCXOJHOW 4YacTOTHOM Moxaynsauuu. Ha stom ocHoBanunm UM koneGanue
3aIlACBIBACTCS B BUIIE
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a(t) = A4, cos[20W @+ A Bin(20OW%,,; D], (4.4
Fmd
B aroit dpopmyie

HAa3BIBACTCS UHOEKCOM UACMOMHOU MOOYIAYUL.

Takum oOpazom, mpu UM aMIumaTya MOAYJIMPYIOMIETO CUTHAJIA ONPEICTSET BEIHYHHY
JEBUALIUY YaCTOThL, a TTpu @M — uHAEKC YacTOTHOU Moayssiiuu. Kak neBuarnus, Tak U UHACKC
4acTOTHON Moy iy npu UM u @M He 3aBHCAT OT 4aCTOThI MOIYJIMPYIOIIETO CUTHAJIA.

[Ipu rapmonmueckoii UM  cmekTp MOAYIMPOBAaHHOTO KOJ€OaHUS ~ COCTOMT U3
0ECKOHEYHOT0 Yrciaa OOKOBBIX YaCTOT, PACIIONIOKEHHBIX MTOMTAPHO CUMMETPHYHO OTHOCHTEIHHO
HECYyIlIEW 4YacTOTbl C MHTEPBAJIOM pPaBHBIM YacTOTE MOIYJALMH. AMIUIMTYAA n-
cocTaBIsIfOLIeH ompexaensiercss  uepe3 (yHkmuro beccenst mepBoro poma 72T mopsiaka -
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Puc.4.7. Cnexrpsr UM komneOaHMii IpH OOJBIIIOM HHICKCE MOTYJISIIIH

J,(I) L4, . Aprymentom 51Ol QYHKIMHK SBISETCS MHIEKC YACTOTHOW MOJTYIISIHH.

CocraBnsromue CrHekTpa OOKOBBIX TIIOJIOC BOJHM3M HECYIIEH YacTOTHI, OIpeessieMbIe
¢byHkueit beccens, WMEIOT MPUMEPHO PaBHBIE aMIUIUTYIbI M ONPEAEONSIOT MOJOCY YacTOT
MOAYJIUpOBaHHOTO KoyiebaHus. ['padux ormbaromieit 3TOro CHEKTpa MOXKET HWMETh BHII,
npuBeneHHbIM Ha puc.4.7. HauBbicmiuii HOMEp OOKOBOHM 4YacTOTHI, ¢ aMIUIUTYAOH KOTOPOI
HEOOXOJUMO CUMTAThCS, MPUMEPHO PaBEH WHIEKCY MOIYJALMHU, IO3TOMY UIMpPUHA CIIEKTpa
W 6nuska K yaBOEHHON JeBUAlUK 9acTOThI (prc.4.7.)

W =2UF . (4.5)
[Ipu manom mnaekce mopyasuun Wy =20F,; To ecTh cnekTp Takoi ke, Kak npu AM

(puc.4.8.). B cnekTpe cocTaBisiolIre HUKHENH OOKOBOM MOJIOCHI MOTYT CTaTh OTPHULIATENIbHBIMH,
3TO 3HAYUT, YTO HPOUCXOAMUT OTPAKEHHME CIEKTpa OT HYJIEBOH YacTOThl, U OTPULIATEIbHbIE

Left Channel
oot ITonoca Ws F= 4000FH

ool . F,q 3 2000
dF - lnioxyron

Relative Amplitude (dE)

2]
10k 20k 30k 40k 50k BOk 7Ok 80k 00k
Frequency (Hz)
Puc.4.8. Cnextp UM komnebaHus pu MajOM WHISKCE MOTYJISIIAN
YaCTOTblI CTAHOBATCA IIOJOXKHWUTCIbHBIMHU, CO CBOMMH aMIUIMTydaMHU U q)a?;aMI/I, U OHHU MOTYT

COBIIAAATH IO YaCTOTEC C APYIrMMHU COCTABJIAOIIUMH CIICKTpPA.
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B nmuckperHo-BpeMeHHOM oOmact rapMoHudyeckoe UM koneOaHue —omnpexaemnsiercs
PaBEHCTBOM
x(n) = A4, sin2OF &+ sin2OtlF,,; ).  (4.6)
B pab6ore [] mokazaHo, YTO IIMPHHA IOJIOCHI CHEKTpa MPSIMO MPOMOPIUOHAIBHA HHICKCY
YaCTOTHOM MOJYJIALIMU U 4aCTOTE€ MOAYJISLIMU

W, =2(1+0,241%*)(F,,. (47
Eciu ortnomenue F/F,,; = ectb panmoHanbHOE uucio crektp UM konebanust MOXHO

CYUTATh TAPMOHNUYCCKUM I10 OTHOIICHHIO K HIDKHEH FpaHHIIHOﬁ qacCToOTC Fn , €CJIN

F _F,y
F,=—=-1% (4.8)
N N,
ﬂ—_F N,. N, — N
re N F 1,V2 = Hecokpamaemas mapa. Torma, eciu (V) -HEUETHOE YHMCIO, TO B
2 md

CIIEKTPE €CTh YETHBIE M HEYETHBIE TAPMOHMKH, eciti V) - 4eTHOE YHCIIO, TO B CHEKTPE OYayT

TOJILKO YETHBIE FApPMOHUKH uyacToThl [},. Bece atu cBoiictBa UM HCIONB3YIOTCSA MPU CHHTE3E

3BYKOBBIX CUTHAJIOB.
B mporpammuom momyne Vibrato (puc.4.9.) Ha 3KpaHe AHCIUICS TpapUUeCKH PHCYETCS
dbopmMa OIHOTO MEepHoaa MOIYJIUPYIOIIEro KojieOaHus. JIeBWamus 4acTOThl YCTaHABIMBAETCS
KOCBEHHBIM O0Opa30M YHCJIOM TOJXYTOHOB, OT 0 10 24. OauH MOIYTOH B My3bIKe paBeH 1/12
OKTaBbI, TOTOMY JICBUAIINS YaCTOTHI OCHOBHOI'O TOHA MOXKET OBITh paccuuTaHa 1o Gopmyie

sonicfoundry” | Vibrato

0.0 de Graph:
- . 10,00

Output gain ~ Semitones -10,00

(nf to 24 dB] [+ 24] U3 Reset

Modulation freq. [0.007 to 1,000 Hz): I'I oo

[ Elend graph edges

¥ibrato CPU % [24-bit processing]
Puc.4.9. [TmanmoroBoe okHO Moayis Vibrato u3 pemakropa Sound Forge
dF = F(Q"'? -1y,
rae N, - neBuanus, 3amanHas yuciaom noixyronos. [Ipu F =1000 I'u gepuanms B 2 mMoayToHa
paBua dF =122,46 Ty (puc.4.7.), a magekc Moxynsuuu rpu yactor F,, =10Tw pasen

I1=12,25. Tlpn JeBMaLlMK, paBHOW 5 mnomyronam, dF =334,84 Tu n 1=33,48,
COOTBETCTBEHHO B 3TUX CIlydasX IIMPHHA MOJOCHI TPOIYCKaHUs paBHa 245 u 669 I'u.
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0.0
-10.0 F=100I'rt
. -200 Foq =101
& _app jmd
= 400 dF -{1nonyron
T -50.0
£ 500
£ 700 I]
< 300
2 500
=-100.0
Z-110.0
-120.0
G0 100 300 GO0 1.0k 3.0k B0k 1000k

Frequency (Hz)

Puc.4.10. CriexkTp curHaia «BHOpaTo»



[Ipu umuTanuu BUOPATO B KAUECTBE HECYILIETO KOJIEOAHHUS MOXKHO HUCIIOJIb30BATh CHUTHAIIBI
TPEYroJabHOW (HPOPMBI, Y KOTOPBIX OOJIBIIIOE YHCIO MEUICHHO 3aTyXarolIuX TapMOHHK. MHIEKCe
YaCTOTHOW MOJIYJSIUU BeIOMpaeTcs HeOonbmioi, yroosl UM Obina Onm3ka k AM. B cnektpe
BHOPATO OKOJIO KaXKJAOW TapMOHWUKH 3BYKOBOTO CHTHAJla OOpa3yloTcs OOKOBBIC TOJOCHI C
9aCTOTHBIM MHTEpBaioM Mexy coctaBisitonmmMu 10 Iy (puc.4.10). [Tpu F =100 ' neBmanms

B 1 monyron pasma dF =5,9 Tu, a unpekc momynsuuu mpu uacrore F,, =10Tm pasen
1=0,59.

4.3. 3BykoBble 3 ekt — «Bay-Bay» u «pazep.

DT  3BYKOBbIE DJ(PQEKTHI SBISAIOTCS YUCTO TEXHHUYECKUMHU TMpHEMaMH 00paboTKH
MY3bIKQJIbHBIX CHUTHAJIOB, B pe3ysibTaTeé KOTOpPOM 3BydyaHHE CTAHOBHUTCS HeOObYHBIM. O0a
MpHeMa OCYIIECTBISIOTCS C UCTONb30BAaHUEM MOAYNIANUs (Da3bl 3BYKOBBIX KOJ€OaHUI ¢ OUYeHb
HU3KON 4YacToToi. 3ByKOBOM 3hdext «Dazep» B TEXHUYECKOH JIUTEpaType YacTO Ha3bIBAIOT

+
dry out
NuB —» L’{ ATT
J out
TlomocoBoit  da3oBbIit 2
(GunsTp MOJIYIISTOP
| -

wet out

Puc.4.11. ®opmupoBanue 3ByKoBbIX 3¢ hekToB «Bay-Bay» u «Dazep»

«(pazoBoe BuOparo» wim mpocto «BuOpato» Ha cimyx 5ToT 3(d¢dekT BoCIpUHHMAETCS Kak
KayaHUe YacTOThI, TO €CTh MPUTIYIIEHUE TO OJHUX, TO APYTUX 4acToT. B cmyuyae oOpaboTku
CTEpPEO CUTHAJIa YaCTOTHI MOTYT «II€PEIUIBIBATH» U3 OJHOTO KaHajia B APyroi. 3ByKoBoH 3¢ ekt
«Bay-Bay» onmcarh C10BaMU HE BO3MOKHO, €T0 HAZ0 YCIBIIIATb.

OyHKIMOHAIBHASI CXeMa MpoIeccopa 3BYKOBBIX 3(h(eKkToB Ha 0CHOBE (Ha30BON MOMYIISIIHH
npuBeneHa Ha puc.4.11.. B aToil cxeme Ha BXOJ MOJaeTcss 3BYKOBOM CHTHal W Jajee OH
pazzmensieTcss Ha JBa KaHajla. B KaXIOM W3 HUX MOXHO PETYJIHpPOBATH YPOBEHb B HIMPOKHX
npenenax (ATT), a B Omoke «MHB» CHUTHAI MOXXHO MHBepTHpoBaTh (). B 3aBHCcHMOCTH OT
3HaKa WHBEPCHH POPMHUPYIOTCS 3BYKOBBIC (D PeKThI «dasep» wim «Bay-Bay». Kanan, B KOTopom
npousBoguTcs (azoBas moxyssiius (OM), Ha3pIBaeTca B IUTarMHax wet out , KaHai, B KOTOPOH
curHas He oOpaOateiBaeTcs, HasbiBaeTcst dry out. [lpm (dazoBoil MOIyISIMHM STOT KaHA
SIBIIIETCS] OTIOPHBIM.

dazoBasi MOAYISALUS HA CIyX HE BOCIIPHHUMAETCS, YTOOBI OHAa ObLIA CIIBIIIHA, HEOOXOAUMO
npeoOpa3oBaTh €€ B aMIUIMTyAHYI0 Moxayisnuio (AM). B mnpuBeneHHoit cxeme 3To
BBITIOJIHSCTCS TIyTEM CYMMHPOBaHUS (pa30MOIyTUPOBAHHOTO CHUTHAJIA C OMOPHBIM CHUTHAJIOM.
Perynupyst ypoBHU CHTHAJNOB B KaHallaXx MOKHO MEHSITh TIIYOHHY 3TOH MOAyIALMU. XapakTep
3BydaHusi AM curnana omnpenensercst popmoii ero orubaromnien.

[TpuHIMIT co3maHUsl paccMaTpUBAEMBIX 3BYKOBBIX 3(eKTOB OCHOBaH Ha  (pa3oBoid
MOTyJISIIIHH CHUHYCOMJIaJIbHOTO  3BYKOBOI'O
Konebanusi.  Anroput™  uUx  (HOPMUPOBAHUS
3aITMCHIBACTCS B BUJIC

U(t),,; = Acoswt + Bcos(wt +8cos Qt)’
(4.9)
rae A —aMIUIUTy/la curHanga B KaHane dry out B -
- u.lus u|_1 |:|_I15 aMIUIMTyJa CUTHala B KaHajme weloul w-—
yTJI0Bas 4acToTa 3BYKOBOT'O CHUTHaa (Hecyras), Q
Puc.4.12 BeixoaHoii cureana mpomeccopa - yrjoBas 4YacTOTa MOJIYJIMPYIOIIEro KojeOaHws,
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- ammiuryna wusMmMeHeHus (aspl, AMIUTUTYIObl CHTHAJIOB B KaHalaX YCTaHABJIMBAIOTCSI
perynaropamu ATT.

['my6una AM BBIXOJHOTO CHTHAJa MPOLIeCCOopa MPEKIE BCETO ONMPEAETsSeTCs] aMILUIUTYI0M
usmeHenust Gaspl. [Ipy 4 = B moka 6 <Tl OHa MOHOTOHHO PAcTEeT, U BBIXOAHOW CHUTHAT HMEET
TUIH4HYI0 Gopmy AM kosneGanuii. IIpu 0 = Tt riry6una AM gocturaer 1 W BBHIXOIHOM CHIHAI
npuoOpetaeT Gopmy oueHwuit (puc.4.12).

[MomyepkHem, YTO HEOOBIYHOCTH  3By4YaHMs, CBsi3aHHass ¢ (a30BOM MOAYJSALUCH,
onpenensaTcss MMEHHO  (opmoill ormbaromeld 3BYKOBOTO CHTHala IpoLeccopa, a HE €ero
CHEKTpOM. XapaKTEpHOE 3BYyYaHUE BO3HHMKAET IPU AMIUIUTYJHOW NEPEMOAYISILIMM, KOIJa

2

2
Bay il BaYy ! ! ! ! !

-3 | | | | | 1
a 0.0s 01 0.15 i] 005 0.1 0.15

Puc.4.13. T'paduku orudaroiiei BEIXOJHOTO CUTHaa (pa3oBoro mpoieccopa

(azoBast MOTYIISIMS MAKCUMANTbHA 1 aMIuIuTya (a3l 0 mpubmmkaercs k 2TL.

O¢pdexr «Bay-Bay» BO3HUKAeT NMpPU CYMMHUPOBAaHMHM CHUTHAJIOB JBYX KaHajoB. D¢¢ekt
«®dazep» NPOUCXOJIUT, KOTJa B ONMOPHOM KaHaJle CUTHAJI UHBEPTUPYETCS, TO €CTh IPOU3BOIUTCS
ornepauus BeluuTanus no dpopmysne (4.9) . Ha puc.4.13. npuBesieHbl pacyeTHbIE CUTHAIOIPaMMBbI

_ TuX AByX 3¢dektoB mpu B=0.54 (Ha 6 ab HIKE ypOBHA
ﬂ‘ TR L curHaia A). B mepBom ciydae B oruOaromieid 3BYKOBOTO
Y | CUTHaJIa YepeayIoTCs MJIaBHbIe U PE3KHe CMaJlbl OTHOAOIIEH,
a BO BTOPOM- YepEenyloTcs IUIaBHBIE M PE3KHE IOIBEMBI
oruodarorei.
Puc.4.14. Nmuratop Bubparo dazoBass Monyasaus B mudpoBoit  Gopme  mporie

peanu3yeTcss C  HUCIOJb30BAHWEM  JIMHUM  3aJEpiKKHU
nepemennoit mmuubl  AT(¢) (puc.4.14.), koTopas  MeHSETCS B 3aJaHHBIX MpENENax II0
CUHYCOUJIAJIbHOMY 3aKOHY. OCYIIECTBISETCS 3TO C UCHOJIb30BAHUEM YAaCTOTHON Moayisuuu. B
TakoW JMHUU (Pa30BBIN CABUT 3aJEPKAHHOTO CHUTHAja  JIMHEHWHO CBs3aH C €ro 4acTOTOW U
OMpEENSIETCS PABEHCTBOM
AT (¢)

o(f,0) ZTDT[: AT 21, (4.10)
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dazoBas MOAyJAUug ABJIACTCA MMCHHO (I)&30BOI>1, IoOKa aMIUIuTyda U3MCHCHHA (ba31>1 HC

sonicfoundry” | Flange” ah-wah

Effect: = Flange " Phazer
0.0 de -6.0 dB Rate [0.007 to 20.0 Hz: |5,EIEI4

_ _ . D_
Depth 1 to 100 X); an i
L] : 0

Center frequency [Hz]: 1000
L] |

-
: i
Rezohance [1 to 100 &) B0 %
: 1
Dy out Wet out |_|
[nf to 12 dB] [-Inf. to 12 dB]
Flange/w ah-wah f CPU % [24-bit proceszing)

Puc.4.15. Inanorosoe okHo marnHa Flange/Wah-wah pemakropa Sound Forge

NpPEBBIIACT TepuoJa KojebaHus. B IMMPOKONOJIOCHOM 3BYKOBOM CHTHAJle OJHA M Ta JKe
3aJiepKKa TPUBOIUT K PA3IUYHOM TIimyOuHe (ha30BOM MOIYISALMHM Pa3HBIX COCTAaBJISIOLIMX
CTIEKTpa, ¥ aMIUIUTYIHOE 3Ha4yeHHue (a3bl YMEHBINACTCS OT BEPXHUX K HW)KHAM 4YacTOTaM B
1000 pa3. IloaTomy B peanpHBIX YCTPONCTBaxX Takas MOXYJSALHA OCYIIECTBISAETCS B
OTHOCHUTEJIBHO Y3KOM JMamna3zoHe 4acToT. J[ins storo B cxeme Ha puc.4.ll.mepen (a3oBbiM
MOJYJISITOPOM YCTaHaBIMBAETCA IOJOCOBOM (WIBTP C PperyjJupyeMoid A0OpOTHOCTBIO U
BO3MO>KHOCTBIO IEPECTPOMKHU I10 YACTOTE.

B nporpammuom monyse (puc.4.15) npu popMupoBaHUM TOJIBKO 3BYKOBBIX 3(dexkroB Wah-
wah n Phaser Bxirtouaercsi pe30oHaHCHBIH (QHIBTP C BO3MOKHOCTBIO TIEPECTPONKN EHTPATLHON
gactoTel OT 100 mo 5000 I'u. Perynsitop Rate 3agaer wactoty Mmomynsuuu, peryasitopom Depth
YCTAHABJIMBACTCS aMIUIMTyAa (a3sl B MPOIEHTaX OTHOCHTEIBHO IMEPHO/a HECYHIeH YacTOTHI
( gactota ¢unbtpa). [Ipu nmudposoit peanuzanuu (pa3oBoil MOAYISIIMHU B TAaKOM YaCTOTHOM
JMana3oHe MaKCHUMaJlbHOE BpeMs 3aJE€piKKHU JOJKHO MEHAThCs oT 0,2 Mc Ha BBICIIEH YacToTe
1o 10 Mc - Ha HU3LIEH YaCTOTE.

Ha puc.4.16. mnpuBeneHsl BBIXOJHBIC CHUTHANBI (a30BOro Mporeccopa MPOTrPaMMHOTO
Moy u3 penakropa Sound Forge npu yctanoBounbix napamerpax: Rate — 5 Hz, Depth —40%,
Frequency —1000 Hz, Resonance-60%, Hecymas curyconnanbHoi Gopmbel ¢ wactotoit 1000 I'm.

Wah —wah Phaser

Puc.4.16. Orubatoriye CUrHaJIOB JIBYX 3BYKOBBIX 3()(EeKTOB

Kak BumnO, oHM 10 (DopmMe TOYHO TakWe Ke, Kak pacuerHble rpaduku Ha puc.4.13 . Ha
puc.4.17. WIIIOCTPUPYETCs CIIEKTP BBIXOJHOTO CUTHAJA IPOIECCOpa, B CiIydae, Korja 3ByKOBOI
CUTHaJ IIMPOKOMOJOCHBIN, a GuiabTp Momynst HacTpoeH Ha dactory 1000 I'n. Kak BumHo u3
rpaduka crnekrpa, (pa3oBoil MOAYIALUHU TMOJBEPraeTcsi TOJBKO OJIHA COCTABIISAIOLIAsl CIEKTPA,
paBHas 1000 I'u. D10 cnegyer U3 TOTo, 4YTO TOJNBKO B 3TOM JUAIa30HE MPOUCXOIUT PaCIIMpPEHUE
cnekrpa. AUX cnekTpa curHana co 3BykoBbIM 3ddextom Wah-wah Takas ke, Kak y MTUKOBOTO
MI0JIOCOBOTO (pMIJIbTPa MPOTPAMMHOI0 MOJTYJIS.
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Puc.4.17. Crextp 3BykoBOro cursaia c a¢pgpexrom Wah-wah

4.4. 3BykoBoii 3¢ pekT «paenxep»

3T10T 3 peKT ABISIETCH YUCTO TEXHUYECKHM NMPHUEMOM HU3MEHEHHS MY3BIKaJbHOTO 3BYKA.
OH peanusyeTcss Ha OCHOBE HCIIOIB30BaHMS BpPEMEHHOMW 3amepkku. s co3manus sddexra
«(nerxxep» 3ByKOBOIM CUIHAJ CYMMHPYETCS C €ro KONHMSAMHM, 3ajep>KaHHbIMU Ha Bpems 5...15
Mc. BpeMms 3a7epKKi  JODKHO CYIIECTBEHHO MPEBBIIATH MEPHOJ] 3ByKOBOI'O CUTHANA, IIOATOMY
3TOT 3¢ ekt npumensiercs Ha yactotax Beime 200...600 I'u. Kornuu 3ByKoBOTro curHana MOryT
OBITh YaCTOTHO- WJIM (ha30-MOIYJTUPOBAHHBIMH, UTO JIETACT BPEeMsl 3aJePXKKU, U3MEHSIOIINMCS
BO BpeMeHM. B pe3ynbraTe moiy4aercs IUIaBalOLIMM 3BYK ¢ OMEHUSIMH 4acTOT. DTOT 3 eKT
MOKET BOCIPHUHHMMATHCA KaK pa3Ma3blBaHHE 3BYKa, XapaKTepHOe JUIsl XopoBoro mnenus. [lpu
OIpEJICJIECHHOM COOTHOIIEHUHM 33JE€P)KEK, YacTOThl M TIIIyOWHBI MOAYJISALMH BO3MOXHO
nosryyeHue 3¢p@dexra, HaNOMUHAIOMIETO BOCIPUATHE TyAKa MPOE3KAIOIIEr0 MUMO CIyIIaTems
napoBo3a. ITo U ecTh  (usuyeckoe mposiBaeHue d3pdexra [lomnepa, cBszaHHOTO €
W3MEHEHUEM BBICOTHI 3BYYaHUsSl JIBIKYIIETOCS OO0BekTa. 3BYKOBOM ddext «dmerxep»
npuMeHsieTcs A7t 00paboTKH JTH000r0 My3bIKaJIbHOIO MHCTPYMEHTA WIIK TOJIOCA.

Cozmanne »pdexra «aeHKep» OCHOBAHO HAa WCIOJIH30BAHUHM TEPEMEHHON JIMHUH
3aJIep)KKU. B Takoil IMHMM BpeMsl 3a[€pKKH COCTOUT U3 JBYX COCTABJIAIOIIMX — IOCTOSHHON

Ty n nepemennoii AT (¢), koTopast MeHseTCS 110 CUHYCOMIAIbLHOMY 3aKkoHy. Cxema Ha puc.4.18
MOSICHSIET MPHUHIMN (opMUpPOBaHUs 3BYKOBOro 3¢ ¢dexra. B 310l cxeme Ha BXOJ moOJaeTCs

Jlunus 3anepixku

Ty ¥ AT()

sinot wet out

Puc.4.18. ®opmMupoBaHue 3BYKOBOTO dPPeKTa «PIeHKep»

3BYKOBOW CHTHaJ M Jajee OH pas[eliseTcss Ha JBa KaHala. B KakXIoM M3 HHX MOXHO
perynupoBarh ypoBeHb ¢ momoiipio arreHioatopoB (ATT). Kanan, B koTopoM npou3BoaAUTCS
3aJiep)KKa CUTHaJla, B IUIarMHax OH MMeeT Ha3BaHWe wet out. Kanam, B KOTOpoM cHrHai
MPOXOIUT 0€3 U3MEHEHUM, - SBJISETCS OMOPHBIM, B IUIarMHAaX OH Ha3biBaeTcs dry out.

[lepemennas 3anepxka co3maeT (pa3oBYyI0 MOAYISALMUIO CHTHAlla OTHOCHUTEIHFHO OIOPHOTO
kaHama. Ha cinyx oHa He BOCIpUHHMAeTcs, MO3TOMY ee mpeolOpa3yloT B AM myrem
CYMMHPOBAHHUS CUTHAJIOB JIBYX KaHayoB. ECIIM ypOBHM CHUTHAJIOB B KaHAJaxX paBHBI, TO INIyOMHA
AM moxetr pocturath 100%, ee perynupyroT myTeM U3MEHEHUsI YPOBHEW B OJIHOM WJIU APYTOM
KaHamax. Xapakrtep 3Byka (opmupyemoro sddexra ompenensercs Qopmoil  orubaromeit
BBIXOJIHOTO CUTHaja cymMmMmaTopa.

AnropuT™M co3laHus  3BYKOBOTO dddekra «(dIeHxKep» Ha OCHOBE IMEPEMEHHON ITUHUH
3aJIepP>KKH MOXKET OBITh MPEJICTaBJICH B BUJIE

U(t)yy = Acoswt + Beos(w(t + Ty +AT cos Q1)) ,  (4.11)
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rae A —aMIummMTyZa CHUTHajda B KaHale dry out ,B—ammmMTtyna curHaia B KaHaje wet out |
w=200F yrnosas yacTora 3ByKoBOro curana (mecymas),Q =201F,; - yrmosas gacrora
Moaynupytouiero kojaebanus. I[lepemenHoe Bpems 3aJep>KKU BbI3bIBAET (Ha30BYI0 MOAYIISIIUIO
2 3BYKOBOT'O CUTHaa, OTIpEICTISIEMYIO
13 PaBEHCTBOM
s 6() = wiAT Gos(Q @) - (412)
0 Kak BuIHO, OHAa TPSIMO MPOMOPIIMOHAIEHA
0.3 4acTOTE U BPEMEHM 3aACPKKH.
_1_; B kauectBe wumoctpanuu, Ha puc.4.19
-3 MIpUBE/ICHA pacdeTHas CUTHaJOrpaMMa
f - ! = *¢ " popmupyemoro 1o popmyne (4.11) 3BykoBOro
Puc.4.19. DddexT «dnerxep» (pacueTHbIN) curnana (F =1000 T, F,;=1Tu, B= 0,54

, AT ax =2 Mc). B 5ToM curHane 4acToTa IMOBTOPEHMS INMPOKUX MMITYJIECOB BIBOE OOIBIIE

YacTOThl MOJIYJSAIMM, YUCIO Y3KUX HMIYJIbCOB YBEIMYMBAETCA JIMHEMHO  C POCTOM
aMIUTUTYTHOTO 3HadeHus1 ¢aspl koyebanuid. [lo ux 4mciy MOXHO CyauTh O TIyOMHE (PazoBOM
MOJYJISIMH, TaK KaK KaXIbld MMITyJbC BO3HHUKAeT, Korjaa ¢a3a OuepeqHOH pa3 IMpeBbHIIIAeT
3HaueHue TT.

Jns mudpoBoit peanuzanmu 3ByKOoBOro 3¢ddekra «hiaeHxep»  HCIOIB3YIOTCS MHOTO
paspsiIHbIe, ¢ MHOXXECTBOM OTBOJOB JIMHUU nepemeHHou 3adepoicku (puc.4.20) Ha stux
oTBO/aX  (hopMHUpPYIOTCS  3a/ep)KaHHbIE, 3aTyXalollue KOIIMM  3BYKOBOTO  CHTHAJA.
[Teproanueckue xKonedaHusi BpEMEHH 33JI€P>KKU CO3AAI0TCS ¢ OYeHb HU3KOW 4vactoToi ot 0,1
no 1 I'n. B otnuuune ot addexta «dazep» 3ddexr «duenxep» paccuuraH Ha MPUMEHEHHE C
IIMPOKONOJIOCHBIMH 3BYKOBBIMHU CHTHAJIAMHM, MO3TOMY IIyOHMHA (ha30BOMl MOIYJISIMH J10JKHA
ObITb HEOOJBIIONW, YTOOBI HE BO3HUKANA MEPEMOAYISALUSA. DTO oOecrneyuBaeTcss TEM, YTO

HIepeMEHHAs 9acTh JIMHUHM 3a/I€PKKH BRIOMpaeTcst JocTaTouHo Manoi, 0osrano AT, =0..3 mc
u le :SISMC

C kaxmoro orBoja LU(POBOH JHMHUM 3aJEPKKH  CHHMaeTca  (pa3oMOIyIHPOBAHHOE
3ByKOBOe Konebanue c 3anepxkkoii- DLj...DLs  xotopele uepe3 perynsaropsl ypoBHs ATT
HOJAIOTC Ha cyMMaTrop. Ha 95TOT cymMMaTop HOJA€TCs W BXOIHOM CHMTHAN, SBJISIOMIUKCS

CymmaTop }—}

Puc.4.20. ®dynkiuonansHast cxeMa popMupoBaHus dpdexra «pieHxep»

OIOPHBIM B OTHOIICHUH (ha3bl KOJICOAHUH HA BBIXOJIaX JIMHUU 3aJICPIKKH.

[Tepenarounsie QyHKIMH 110 KaXKAOMY BBIXOAY JIMHUHU 33JCPKKH B TUCKPETHO BPEMEHHOM
00J1aCTH UMEIOT BU

y(n)=gx(n—-m(n)=gx(n—(M +E(n)SinQ@[T)), (4.13)

rae 7~ Homep BbIOOpKH, T -TIEpHOJ TaKTOBOW YACTOTHI JUHHUU 3aJCPXKKU, M — 1ienas 4acTh
BpEMCHM 3allepskKH (ompezensemas uucioM mepuogos 7, E(n)—npo6ras wacte BpemeHM
3a7epkkH, Q - yrioBas gactora Gpa3oBoil Moaysaiud, & ~ OTHOCHTEIbHAS aMIUTUTY/Ia CUTHAIA.
DJICKTPUYECKUN MOJTYJIb, KOTOPBIA UMUTHPYET 3aJCPIKKY, Ha3bIBaCTCA TpeOCHUYATBIH (UIBTP.
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YV kaxaod (GUPMBI-U3roTOBUTENST COOCTBEHHBIM anroputM sddekra «puenxepy,

KOTOpBI ~ HE  TAaTeHTyeTcs M SIBISIETCS

= KOMMepUYecKkuM cekpetoMm. [loatomy TpyaHo

, JIOTalaThCs, YeM OTIMYAIOTCS TUIATHHBI Pa3HBIX
|| | ‘ ‘ ‘ ‘

[=

dupMm.  DTO  MOKHO  cHenaTh  TOIBKO
SKCIEPHMEHTAIBHO, npoBess HEKOTOpbIE
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ TECTOBBIE MCIBITAHMS.  PaccMOTpUM 3TO Ha

-12,

[=

-Inif.

120 npumepe TiaruHa  «duemxepy ¢upmer  Sound

0 Tac Forge. B aTom nporpammuom mozyne (puc.4.15.)
25 npu  hopMHpOBaHUH 3ByKOBOTO 3dekra
pEe30HaHCHBIN (GUIBTP BbIKIIOYaeTcs. Perymsrop
Rate 3amaer 4acToTy MOZAYJSAIUH, PEryISATOPOM

lMc

Puc.4.21. Konuu 3ByKoBOro cursaia

Depth ycramasmuBaercs ATj,,x B NPOLEHTaX OTHOCHUTENBHO BPEMEHM 3a[E€PKKH, KOTOPOE

anpuopy I0JIb30BATEII0 HEU3BECTHO, €ro HaJO €Ile ONPENeIUThb. TakKe HEU3BECTHBI YHCIIO
KOIAWA 3BYKOBOTO CHTHala M CKOPOCTh HX 3aryxaHus. OpHAaKo, 3KCHEPUMEHTAIBHO OHU
ompenenstorcs Jerko. s storo addexr «paenxep» CO3JACTCsI C HUCIOJIb30BAHUEM B
KadecTBe Hecyliero koyiedanus curHan [l-ummynbcHOlM dopmbl ¢ yacTtotoi moBTopenus 10000
I'i npy MMHUMAaJIEHO BO3MOXKHOH TyOHHe (hazoBoit Moayssiuu 1%.

Ha puc.4.21. npuBeneH TOJBKO HaYaJIbHBIA YYaCTOK
CUTHAJIOTPaMMBl ¢ 3TUM 3¢ ¢exkroM. M Hero ciemyer, 4To
JAHHBIN TPOTrPAMMHBIN MOAYJb CO3/1a€T 8 MOCIEA0BATEIBHBIX
KOIIUI 3BYKOBOT'O CUTHAJIa ¢ OAMHAKOBOM 3az1epkkoi 1 Mmc, ¢
YMEHBIIAKIMIEHCS CKOPOCTBIO 3aTyXaHHs. JTO 3HAYMT, YTO B
anroputMe paboThl UCIOJIB3YeTCS JIMHUS 3aJepKKH € 8

Hecymas— 1 x['n ,moxynsmus —20%

BBIXOZIAMH U JUIHTENIBHOCTb 3afepikku Iy - okomo 8...9 mc. I >

Ha puc.4.22. npuBeicHa CUTHAIOTPaMMa BBIXOJHOTO CHTHAJIA Iepron moxynaumu- 1¢
MPOrpaMMHOI0 MOIYJIA, KaK BUAHO, OHA HUYEM HE OTiIM4aeTcs  Puc.4.22. Dddext «pnemrep»
ot pacuetHol (puc.4.19). CnenoBaTenbHO, B JAHHOM TIJIaTMHE

UCIOJIb30BaH aJITOPUTM, OIIMChIBaeMbIil paBeHCTBOM (4.13 ).

4.5. 3BykoBoii 3 eKT «xopyc»

Xopyc -5mo my3vikanbHulil 2¢)ghexm OTHOBPEMEHHOI'O 3BYyUYaHMsI CIIETKa OTJIMYAIOLIUXCS 110
YacTOTE HECKOJBKUX 3BYKOB. OCHOBOW 3TOro 3¢dexra sBISETCS 3ByYaHHE JIBYX 3BYKOB B
yHHUCOH. Takoe 3ByuaHHe BO3HHMKAET, KOrga o0a 3ByKa IONAAAI0T B OJJHY KPUTHUYECKYIO TOJIO0CY
CllyXa M 4aCTOTHBIN MHTEpBaI MEXAy HUMHU MeHblle 0,] MUpUHBI KpUTUUECKOH MOJIOCHI.

Xopyc mnposBisieTcs kKak 3((EKT UCIOIHEHUS OJTHOTO U TOTO e 3ByKa WJIHM BCEeH MapTHH HE
OJIHUM-E/IMHCTBEHHbIM HHCTPYMEHTOM WM TEBIOM, a HECKOJBKUMH. XOpOBOE IEHUE WU
OJIHOBPEMEHHOE 3BYYaHHE HECKOJBKHUX MY3bIKaJIbHBIX MHCTPYMEHTOB YKpAIlaeT U OXKUBJISET
My3bIKaJIbHOE NpousBeacHue. C OAHON CTOPOHBI, TOJIOCa MEBLOB U 3BYKH MHCTPYMEHTOB IpU
WCIIOJTHEHUHM OJMHAKOBOW HOTHI JOJDKHBI 3BydYaTh OJIMHAKOBO, U K OSTOMY CTpeMATCs U
My3bIKaHThl, U aupwxkep. Ho M3-3a MHIAMBHIYyanbHBIX pa3IndMil HUCTOYHUKOB 3BYK BCE PaBHO
MOJTyyaeTcsl pa3HbIM. B mpocTpaHCTBEe, TpakTe 3BYKOYCHJIEHHMSI M B CJIYXOBOM ammapare
YeJIOBEKa 3TU CJIeTKa HEeOJIMHAKOBbIE KOJICOaHUs B3aMMOACUCTBYIOT, 00pa3ytoT OueHus. CrekTp
3ByKa o0oramaercs 1, caMoe IJIaBHOE, 3BYK T€UET, [IepeIuBacTCA.

B ocHOBe coYHOTro0 M KMBOTO 3BYYaHHUs JABEHAALATUCTPYHHOM T'MTaphbl, aKKOpJleoHa, OasiHa,
TapMOHHM JIKUT YHUCOH. B akkopjeoHe, HampuMep, 3BYK Ka)JI0H HOTHI T€HEPUPYETCS Y3IIOM,
COJIep KalMM JBa MCTOYHUKA KoJjeOaHHWH (s3bIYKa), CIEUaTbHO HACTPOSHHBIX B Pas3iiuB — C
HeOOJIbIION (B €IMHUIBI Tepl) pa3HUllell B 4acToTax. B IBEeHaALATUCTPYHHOM THTape 3BYK
U3BJIEKAeTCs OJJHOBPEMEHHO U3 Maphl CTpyH. Pa3HuIla B yacToTax oOpa3zyercss U eCTECTBEHHBIM
MyTE€M H3-3a HEBO3MOXHOCTH HJI€aIbHO OJIMHAKOBO HACTPOUTH CTPYHBI HHCTPYMEHTA.
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B 1mudpoBbIx 351eKTpOMY3bIKaIbHBIX MHCTPYMEHTAX 4acTOThl T€HEpaTOPOB MOTYT OBITh
abCONIOTHO paBHB. B TakoM 3By4yaHUM OTCYTCTBYET JKH3Hb, MOTOMY YTO OHO CIIMIIKOM
npaBwiIbHOE. [IJIs1 0’KMBIIEHUS DJIEKTPOHHOTO 3BYYaHHs W JJI CO3JIaHUS BIIEYATICHHUS WIPbI
HECKOJIbKMX HHCTPYMEHTOB U UCTIOJIb3YIOT UCKYCCMBEHHbIU XOPYC.

Cy1iecTByeT MHOKECTBO Pa3HOBHJIHOCTEH anroputMoB xopyca. Ho Bce oHu nmMeror obmue
YepThl: UCXOJHBIA CUTHAJI pa3/esiseTcs Ha JIBa WIM HECKOJIbKO KaHaJOB; B Ka)KJIOM W3 KaHAJIOB
CIIEKTp CHTHaJIa CABUTAIOT MO YacTOTE Ha JIOJM Ieplia; CUTHAIBI, MOJyYeHHbIE TAKUM CIIOCOO0M,
CKJIQ/IbIBAIOT. YBEJIMYEHHUE YHCIO TOJIOCOB U MHCTPYMEHTOB JOCTUTAETCs IMyTeM CO3JaHUsS B
KaHajax [IOCJIEIOBAaTEIbHOCTH  33JCpXKAHHBIX KONMM  BXOJHOIO CHUTHaJla, MEJJIEHHO
3aTyXarolluX, KOTOpPhIE MO/ABEpratoTcsl ciaaboi 4acTOTHOM Monynsuuu ¢ yactotoil ot 0.1 1o 5
'y

B wurore momy4aercst curtai, B KOTOPOM 3BYKOBBIE BOJIHBI KakK Obl “ITBIBYT  C pa3HbIMH
ckopocTsiMi. CHUTHaJIbl  CKJIAJBIBAIOTCA H3penka To B (ase ¢ oOpa3oBaHHEM MaKCUMyMa
orufaroiei 3ByKOBBIX KoJieOaHUH, TO B MpoTHBOda3e ¢ 00pa3oBaHUEM MHUHUMYyMa OTHOAIOIIEH.
VY Takoro curHajga CHEKTp HENPEPBIBHO M3MEHSAETCS, MPUYEM IEPUOJ IOJHOTO LHUKIIA ITOrO
M3MEHEHUS CTOJIb BEJIMK, YTO MOBTOPSEMOCTh CIIEKTPAJIbHBIX CBOMCTB CUTHAJIa HE OLyIIaeTCsl.

Co3nanue apdexTa «Xopyc» OCHOBAHO Ha UCIIOJIb30BAHUH IEPEMEHHON JTMHUU 33JIePKKH, B
KOTOpoH, B oTiauume OT dpddexra «bdiaeHxep», MOXKET IUIABHO MEHATHCS IOCTOSTHHAS

in nl
PY

dry out

input gain JIunus 3aepiKKu

N
Ty ¥ AT()
Tsin Ot

Puc.4.23. Cxema ¢popMupoBaHUE 3BYKOBOTO dPPEKTa «XOPyCH

horus out

cocTaBisionas BpeMeHdn 3anepkku ;. Cxema Ha puc.4.23. MOSCHAET IPUHIUI

¢dopmupoBanus 3BykoBoro 3¢dekra. B 3T0if cxeme Ha BXOA MmojaeTcsi 3BYKOBOM CHUTHAJ U Jajiee
OH pa3JieNisieTCsl Ha JIBa KaHayla. B KaXJJoM M3 HUX MOXKHO PETyJIHpOBAaTh YPOBEHb C IMOMOIIBIO
perymsaropa ypoBHs (PY). IIpenycmoTpena oTnenbHast peryaIupoBKa YpOBHs BXOJHOTO CHUTHAA.
Kanai, B KOTOpOM TNpPOW3BOAMTCS 3ajiepKKa CHrHajia Ha3eiBaeTcs hours out. Kanan, B koTropom
CHT'HAJI ITPOXOIUT Oe3 N3MeHeHH Ha3bIBaeTcs dry out.

B Toii cxeme MOCTOSHHAs COCTABIISAIONIAs BPEMEHH 33JE€PKKH MOXET  MEHSTBHCS TI0
’KEJTaHUIO TIOJIb30BATENsl B JIOCTATOYHO INIMPOKHMX mpenenax. I[lepeMeHHas cocCTaBisroOmIast
BPEMEHU 33JeP)KKH MEHSETCSI C OYeHb HU3KOHM yacToToi. Ilo omHUM anroputMaMm MOIYISLUS
NPOU3BOANTCS CHHYCOMJAIBHBIM CHTHAJIOM, IO JIPYTUM — JJISI MOAYJSIMU HCIIONB3YeTCs
HU3KOYACTOTHBIN OEJbII IIyM.

[Tepemennas 3agepkka co3zmaer (Ha30Byr0 MOAYISIHIO CUTHAJNA OTHOCHTEIBHO OTIOPHOTO
kaHana. Ha ciyXx oHa He BOCIpUHMMAaeTcs, NO3TOMY €€ mpeoOpa3yloT B AM mnyrem
CYMMHpPOBAHHUS CUTHAJIOB JIBYX KaHaOB. EciM ypoBHU CHTHANOB B KaHaJaxX paBHbI, TO INTyOMHA
AM wmoxer  pocturate 100%, TayOMHY MOZYNALIMM BBIXOJHOTO CHTHajla CymMMaropa
PETYNUpPYIOT MyTeM HW3MEHEHHsS YPOBHEW B OJHOM WJIM JIPYroM KaHamax. XapakTep 3ByKa
dbopmupyemoro 3dgdexra onpenensiercs Gopmoili orudaromieil BEIXOIHOTO CUTHAIA CyMMAaTopa.

ANTOpPUTM cO3laHMsI  3BYKOBOTO 3((eKTa «XOpyc» Ha OCHOBE IEPEMEHHOW JIMHHUU
3aJIepKKH IPUMEPHO TaKOH ke, KaK y AP dexTa «preHmKep»

U(t)py = Acoswt + Bcos(w(t + Ty (var)+ AT cos Q1)) (4.14)

rie A —aMIUIUTy[a CHMTHala B KaHaie dry oul B —aMmIUIUTyja CHMTHala B KaHane Welout

w=2[F yrnosas yacTora 3ByKoBOro curana (mecymas),Q =201LF, ; - yrmosas gacrora

Moaynupytomero kojaebanus. [lepemenHoe Bpems 3aJep>KKU BbI3bIBAET (Ha30BYI0 MOAYIISILIHIO

3BYKOBOTI'O CUT'HAJIA, OIIPECACIIACMYIO pPaBCHCTBOM
6(1) = wiAT os(Q D).  (4.15)
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Kak BumHO, OHA MPSMO MPOTOPIIMOHATBHA YACTOTE M BPEMEHU 3aACPKKH.
st udpoBoit peanuzanuu 3ByKOBOTO P heKTa «XOpyc» HCIOIB3YIOTCS MHOTO pa3psiaIHbIe
JTUHUH 33/IEPKKU C OOpaTHOM CBSI3bI0 U MHOKECTBOM OTBOJIOB, B KOTOPBIX MOKHO MEHSITh Kak

OO0parHas cBs3b

Chorus out delay (0.1...100 ms)

Rl

7 1 e

CymMmaTop _>

Puc.4.24. OyHKIIMOHANTBHAS cXeMa JIMHUY 3aJCPKKU C U3MEHAEMOU JUTMHON

BEJIMYMHY OOpAaTHOM CBS3M, TaK M 4uCIO0 OTBOAOB (puc.4.24). Komuu 3BYKOBOrO CHUTHaja
(moBTOpPBEI) MOTYT (OPMHUPOBATHCS KaK C TOMOIIBIO OTBOJOB JMHHH C PAa3HOW BEITMYMHON
BPEMEHH 3aJIep’KKU, TaK U MPUMEHEHHEM OO0paTHOM CBs3M. 3aZiepKa C MOBTOPAMHU CO3JAET
3p(deKkT He OAHOBPEMEHHOTO 3BYYaHUS MY3BIKaTbHBIX HHCTPYMEHTOB, a MOAYJISIHS — 3P PeKT
0 pa3HOMY HACTPOEHHBIX HHCTPYMEHTOB

Oddexr «xopyc» paccuuTaH Ha  NPUMEHEHHE C MIMPOKOMOIOCHBIMH  3BYKOBBIMHU
CUTHAJIaMH, TOATOMY TIyOMHa (a30BOM MOIYJSAIHMH JIOJDKHA OBITh HEOOJBINOM, YTOOBI HE
BO3HHUKAJIA TIEPEMOIYJISAIHSL. DTO 00ECTICUNBACTCS TEM, UTO TMEPEMEHHAS YacTh JIMHUU 3aCPKKU

BBIOMpAETCs JO0CTaT09HO Manoi, 00braH0 AT, =0..30 mcu Ty =1..30 mc.

VY kax10il (pUPMBI-U3TOTOBUTENS COOCTBEHHBIH anropuT™M 3¢ (deKTa «Xopyc», KOTOPBIA He
MATEHTYeTCS] W SIBIIIETCS  KOMMEpPYECKMM cekpeToM. [loaTomy TpyaHO 1oranaThCs, 4Yem
OTJIMYAIOTCA TJIATMHBI Pa3HBIX (PUPM. ITO MOXKHO CAENATh TOJIBKO IKCIEPUMEHTAIBHO, TPOBEIS
HEKOTOpBIE TECTOBBIE HCHBITaHUS. PaccMOTpUM 3TO Ha MpHUMeEpe IUIarMHA «XOpyc» (UPMBI
Sound Forge.

B sTom mporpammHoM monyine (puc.4.25.) 4MCIIO OTBOJOB JIMHUM, ONPEACISIONIUX YHCIIO
3BYKOBBIX MIOBTOPOB, 3ajaeTcs ABmkkoM Chorus size ot 1 1o 3. Ecau moBTOps! hopMHUpYIOTCS C
MIOMOIIIEI0 OOpaTHOM CBSI3M, TO MHTEPBA] MX MOBTOPEHHUS  33/Ja€TCSl PETYISATOPOM BpPEMEHHU
3anepxkku Chorus out delay, a mx ypoeHsb aBmwxkkom — Feedback . Perymnstop Rate 3amaer
YacTOTy MOMYJISALMH, OH JK€ MOXKET OIpEeIeNsiTh BEPXHIOI TpaHUIly  Oeloro mryma.

Perynstopom Modulation Depth ycramasmusaercss AT, B TPOLEHTaX  OTHOCHTEILHO
BpPEMEHH 3aJepKKu. [yOMHAa aMIUTUTYTHOH MOAYNSIMHM  BBIXOJHOTO CHUTHAlA  IUIardHa

sonicfoundry | Chorus
-E.0 dB -6,0 dB 0.0de
™ Irwert the chaorus phase
™ Invert the feedback phase
Choruz zize [1 ta 3): -—D 3
InpLt gain Dirg out LChorug out
[nf. ta O dB] [-Inf toa O dB] [4nf. ta 0 dB)
Eeedback (0'to 100 %) —{—— %z
Charus out delay (0.1 ta 100.0 msk e TE
todulation rate (0.007 ko 20.0 Hz): L D|2UDD
Modulation depth (1 to 100 %]: D 1%
™ &ttenuate high fiequencies above [Hz): - |2 337
\ Chorus / CPU % [24-bit processing]

Puc.4.25. [luanorosoe okHo Chorus pemakropa Sound Forge
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orpenensercss OTHolleHHueM ypoBHeW Input gain u  Dry out. Ona paBuHa 100%, korma stu
YPOBHU PaBHBI U INHEHHO YMEHbIIAETCS C MOHMKEeHHeM ypoBHs Dry out.

BpemeHHON cOBUTI MEXAY HCXOOHBIM 3BYKOBBIM CHUTHAJIOM M «XOPOM», YTO CaMbIM
CYUIECTBEHHBIM 00pa3oM BiMseT Ha pe3yiapTaT. Korma BpeMeHHas 3aJepKKa HaxXOJIUTCS B
npenenax 20-50 MUITHCEKYH/, MOJIY4aeTcss UIMEHHO XOpycC, Mpu Oosee KOPOTKHUX 3a/epiKKax
BBIXOJMT YK€ YTO-TO BecbMa HamomuHawlee (mumkep. Y HaoOopot, mpu Oosiee JIMHHBIX
3ajiepKKax MOJTy4aeTcsi OOBIYHBIN UM C YABOSHUEM MOIIHOCTH 3BYyKa.

Camas msrkast o6padoTka MpOMCXOAUT MpHU yacToTe Moayisiuuu meHee 1 repua. Ho korna
gacTtoTa onyckaerca Huwxke 0,3 repua, ee J€HCTBHE CTAHOBUTCS YK€ NPAKTHUUECKH HE3aMETHBIM.

3anepxkka 40 mc.

Oo6patHas cBsizb— 0%,
4uCII0 0TBOJOB JI3— 1

O6patnast csa3b— 40%,
YHUCJIO 0TBOJOB JI3— 1

O6patnas csi3b— 0%,
ypciio orBogoB JI3— 3

Puc.4.26. 3dbdexr xopyc

EnBa 3aMeTHBIM MOXKET CTaTh XOPYC M IPH CIHMIIKOM Majod TiIyOMHe MoIyisiuu. Torna, Kak
IIPU CIMIIKOM OOJIBLIOHN, OyIeT Ka3aTbCs, YTO «XOPOBbIE» MHCTPYMEHTHI CHIIBHO PAaCCTPOEHHBI.
[Tpu OonpiIoil rayOMHE MOIYNALMU MONy4yuTCcs BuOpato. Ilpn MaioM BpeMeHH 3alepiKKu -
dmumKep. g wiumoctpanun s¢dexra xopyc Ha puc.4.26. mpUBEAEHBI CUTHAIOTPAMMBI 3TOTO
s dexTa npu pa3Hoil BendrHE 00pPaTHON CBS3H M C pa3HBIM YHCIIOM OTBOJIOB JIMHHUU 33JCPKKU
(JI3). Kak BumHo mo ¢opme orumOaromieil CUrHajOB, MPU OTKIIOYECHHOW OOpAaTHOW CBS3U H
orcyrcTBUM OTBOJ0B B JI3 addexr xopyc Bbeipokmaercs B 3ddext ¢enxep. Brenenue
0o0paTHOM CBSI3M PaHAOMHU3UPYET OrMOaloIlyl0 CUTHala, U B TeM OOJIbllle, YeM CHIIbHEe
oOpaTHast CBs3b. YBENWYEHHE 4Kcia OTBOAOB JI3 mpuBOAMT K aHajiormyHoMy 3¢¢exTy, HO
0oJiee CUIIbHO BBIPA)KEHHOMY. 3BYK OCTaeTCs MY3bIKaJIbHbBIM, U B HEM HUCUE€3aeT EPUOAUYHOCTD.

Hactpoiiku Invert the chorus phase u Invert the feedback phase wuHBepTHpYyIOT
(mepeBOpayMBaOT OTHOCUTEJIBHO TOPU3OHTAJILHOW OCH) CHUTHAN XOpyca MM OOpaTHOW CBS3H.
WHorna mpuXOAMTCS MOMEYaTh 3TH CTPOKH, 4YTOOBI M30ekaTh (Pa30BBIX HCKAKECHUH, NpPHU
KOTOPBIX JBa OJMHAKOBBIX CHUTHANa B NpPOTHBOGA3e raciaT Apyr Apyra. A MHOraa, HaoOOpoT,
UCTIONB3YIOT (ha3oBble HCKakeHHs Kak crempddexr. Camas HWKHSS HACTpOWKAa B 3ITOM
JMAJIOTOBOM OKHE - KBaApaTuk Attenuate high frequencies above u ABMKOK psiioM ¢ HUM. DTO
(GWIBTpP, MO3BONIAIONINI UCKIIOUUTh U3 00pPaOOTKM 3BYKH, 4aCTOTa KOTOPBIX BBIIIE 3alaHHOM.

4.6. 3ByKoBoii 3¢ ekt «3IX0»

Ecmecmeennoe 9x0 — 3T0 3PQHEKT MEPUOTUIECKOTO MOBTOPEHHUS 3BYKOB C IUIABHBIM HX
3aTyXxaHueM, KOTOpoe HaOJloaeTcsl IMoclie MpekpaiieHuss 3Byka. OCOOEHHO SPKO OHO
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IIPOSIBIISIETCS, KOT/AA 3BYK KOPOTKMH. DXO BO3HUKAaeT B TOHHENAX, HAa CTaJMOHAaX, B FOPHBIX
VIIENbsIX Memepax v APYTuX MeCTax H3-3a OTPAXKEHUS 3BYKOBBIX BOJIH OT JIFOOBIX MPEMSATCTBUM,
MEUIAIOIINX MX PaclpOCTPAHEHUIO, HO TOJIBKO B CIy4ae 3ana3zobléaHusi OMpadCeHull Ha epems
bonvue 50 mc. ITO BpeMsi paBHO MOCTOSTHHOW BPEMEHH Ciyxa denoBeka. [loka 3ama3nbiBaHus
OTpPa’KEHHBIX CUTHAJIOB MEHBILE ITOIO BPEMEHHU BCE OHM BOCIPHUHUMAIOTCSA KaK €IMHBIN 3BYK,
9XO0 HE BO3HMKAET.

Ecin ckopocTh 3aTyXxaHMsl OTpPaKEHHBIX 3BYKOB BEJIMKA, TO BO3HUKAET OJHOKPATHOE 5XO,
€CJIM K€ OHa MaJjia, TO BO3HUKAaeT MHOTOKpaTHoe 3X0 (puc.4.27). DddexTs! undpoBoii 3a1epKKu

_w dry out
g
x(n) sl »
Jlvnws 3anepKKu P4 y(n)
B [

OO0paTHast CBA3b wet out

Puc.4.28. Cxema ¢popmupoBaHHE 3BYKOBOTO Y PEKTa «IXO0»

OTHOCATCS K 4ncilny 3((}eKToB, KOTOphIE BXOAAT B "IHKEHTIBMEHCKUH Habop" mroboro
TUTApPUCTa, MOCKOJIbKY OHM MOTYT CO3/1aBaTh MHOKECTBO PAa3UYHBIX THUIIOB 3XO M MOAXOJST
MIPAKTUYECKHU KO BCEM MY3bIKaJIbHBIM CTUJISIM.

Cxema Ha puc. 4.28. TOSCHAET NMPUHIUI (GopMHUpOBaHUs 3BYKoBOro 3ddekra. B atoi
CXE€Me€ Ha BXO/Jl MOAAETCS 3BYKOBOM CHTHAJI M JJaJIee OH pasJieNsieTcs Ha JBa KaHaya. B kaxaom
U3 HUX MOKHO PEeryJHpoBaTh YPOBEHb C MOMOIII0 perynsropa ypoBHs (PY). Kanan, B koropom
IIPOU3BOJUTCS  3aJiepXKKa CUTHala, UMEET CTPaHHOE Ha3BaHME wet out , KaHal, B KOTOPOH
CUTHaJ MPOXOAUT Oe3 M3MEHEHUIl B IularnHax HasbiBaeTcs dry out. B manHO# cxeme cymmartop
IepelaeT Ha BBIXOJ KaK NPSIMOM CUTHAJ, TaK U 3aIla3/IbIBAOIH.

B oroil cxeme g co3maHMs OJHOKPATHOTO 5XO oOOpaTHas CBSI3b BBIKIIOYAETCS, U
3ama3/bpIBAIONINN CUTHAI BO3HHMKAET 4Yepe3 BpeMs 3aJEpiKKH, orpenenseMoe Hu(ppoBOi JTHMHUN
3amepkku. OOpaTHasi CBsI3b cO3/1aeT OECKOHEYHOE YHCIO MOBTOPOB 3BYKA, CIEIYIOIMIUX C
MHTEPBAJIOM, PaBHBIM BpPEMEHHU 3aJepKKU. Peryistop B 1enu oOpaTHOW CBsSI3U OINpeaesnseT
BpeMsl 3aTyXaHHs STUX NMOBTOpoB. Ecnu, Hanpumep, koaddunmeHt nepenauu PY pasen munyc
6 nb, TO KaxIpli cleayromuid MoBTOp 3ByKa Oyner Ha 6 ab Hiwke mpenpiaymero, u  10-i
nmoBTop Oymer umeTh ypoBeHb MuHYyC 60 nb. Takoil HCKYCCTBEHHBIM CHTHal Ha CIyX
BOCIPUHUMAETCS] KaK MHOTOKpPaTHOE 3XO.

Dddekt «3xo» GopMupyercs nmpu BpeMeHHu 3a1epkku oT 150 Mc 10 1 ¢ wnm Gosbie, XOTs
yaiie BCero MpUMEeHsIoT 3HaueHus u3 auanasona 300...600 mc. Yucno noBTOpoB JTOJIAKHO OBITh
JI0OCTATOYHO BEJIMKO, MO3TOMY BpeMsl 3aTyXaHUsl MOXKeT ObITh 10 5...10 c. DPdekT «3x» MoxkeT
OBITh KaK MOHO(OHHYECKHMH, TaK U cTepeoPoHUYECKUMHU. B mocienHem ciaydae Ha KaxaoM
KaHajie Hy)KHO YCTaHaBJIMBaTh COOCTBEHHOE 3HAUECHHE BPEMEHHM 3aJIeP>KKH, YTO JAeT ellle OJUH
METOJ MOJTyYSHHSI UHTEPECHBIX PUTMUYECKUX 3()(HEKTOB.

OpnuM u3 BapuaHToB 3(ddexTa 3X0 sBIsIETCS MIMPOKO H3BECTHBIM B My3bIKe (et
«cnenbex» (slapback). Own cosmaercs mpu Bpemenu 3aaepxkku 100...132 mc. DrtoT 3ddexr
CO3/1aeT BIIEYATIIEHHE, UYTO 3BYK OTpa)kaeTcs OT PACIOJIOKEHHOM MO ONM30CTH MOBEPXHOCTH.
OTO KIaccuyeckas Pa3HOBHIHOCTh J(PQeKTa 3alep>KKh BpPEMEH paHHEro pOK-H-pouia |
POKaOHILIH.

4.7. 3BykoBoi 3¢ ekt — peBepOepaums
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4.7.1.PeBepOepanus — pu3uka siBJIeHUSs

Ecmecmeennasn peeepoepayus — 370 3(PPEeKT IMIaBHO 3aTyXaloIIEro 1O0C1e38Y4aHUs,
KOTOpOE€ HaOJI0IaeTCs MOCIe TOro, KaK 3BYK pPe3Ko mpepBaics. Takoit a3 dekT BO3HUKAET H3-3a
OTpPaXEHHS 3BYKOBBIX BOJH OT JIIOOBIX NPEMATCTBUHN, MEUIAIOMIMX WX PaclpOCTPaHEHHIO.
Haubonee cuinpbHO peBepOepalivsi TPOSBISETCS B 3aKPBITHIX MoMmenieHusx. OHa BO3HUKAET
TaKk)Ke B TOHHEJISIX, Ha CTAJMOHAX, B TOPHBIX YIIEbSAX Mellepax U Jpyrux Mectax. B pesynbrare
CiIymiaTeslb BOCHPUHUMAET KakK MNpPSIMOW 3BYK, TaK M 3BYKH OJHOKPATHO WJIM MHOTOKPAaTHO
oTpakeHHble. Ecnu ke UCTOYHHMK MPOAOJIKAET M3Iy4aTh 3BYKOBBIE KOJIEOAHMS, TO 3BYKOBas
KapTHHA B MOMELICHUH TPEACTABIACT COO0U COBOKYNHOCMb NPAMO20 38VKA U MHO2OKDAMHBIX
samyxarowux ompasicenuti. Ecmecmeennas pesepoepayus B KOHIEPTHOM 3aJie JIENAaeT MY3bIKY
KHMBOHM, SPKOH, MPHUIACT 3BYYAHUIO OOBEMHBIH XapakTep, yCWIMBAaeT 3(PQEKT JoKanu3auuu
MCTOYHUKOB 3BYyKa B IIPOCTPAHCTBE

B 3akpbhITOM MOMeElIeHUU CiiyliaTeslb BOCIIPUHUMAET Kak
NpsAMOM, Tak oTpaxxeHHble 3BykH. Ha pwuc.4.29. nokazano
KaKkoll NyTh NPOXOJIAT 3BYKH C OJIHUM, JIBYMS M  Tpems
OoTpakeHUsMU OT cTeH. OHM pa3fendioTcs Ha paHHHUE U
MO3/THUE B 3aBUCUMOCTH OT BPEMEHH HX 33JIEPKKU.

Bpemennas cTpykTypa peBepOepallmOHHOIO Ipolecca B
BHJIE OTKJIMKA TOMEIIEHUS HAa MMIYJIbCHOE 3BYKOBOE
BO3JeicTBUE mnpuBeacHa Ha puc.4.30. B HauanbHOU cTaguu
OHa JUCKPETHa, CO BPEMEHEM HHTEPBAI MEXAY OTPAKECHUSIMU OBICTPO YMEHBIIAETCS H
CTPEMUTCS K HYJIIO, @ BCE OTPAXKEHUS CIIMBAIOTCS B HEMIPEPHIBHBIN 3BYK.

Pannue (nepsuunvie) ompaosicenuss — NPETEPIIEBAET OJHO OTPaXXEHHE OT CTEH, 0Jla WU
notoska. [Ipu 3ToM 3ByKOBas BOJIHA HE TOJILKO OTPAXKaeTCsl, HO U TePSET YacTh CBOEH SHEPrUH
M3-3a MOTJIOIIECHUS 3BYKA MOKPBITUAMH OTpa)karolux NoBepXHOocTel. [103TOMy HHTEHCHBHOCTD
pPaHHUX OTPaXEHUI ECTECTBEHHO MEHbIIE WHTEHCHUBHOCTH MPSIMOTO CHUTHaja. BpemeHHbIE
WHTEpBAJIbl MEXAY pPAHHUMH OTPAKECHHUSIMHU OIPEACNAIOTCS Pa3HOCTbIO MJUH MyTeH, IO
KOTOPBIM OHHU JAOXOAAT 10 ciymarens. [loka 3tu mHTepBanbsl meHbiie 100 Mc, 3TO Bpems
XpaHEHUs] 3BYKOBOTO 00pa3za B MaMSTH YENIOBEKa, OTPAKCHHBIC 3BYKH BOCIPUHUMAIOTCS KaK
eauHoe 1enoe. K paHHUM OTpakKeHHUSM OTHOCSTCS M BTOPUYHBIE OTPAXKEHHUS, ISl KOTOPBIX
MHTEpBaJ MEXAY BPEMEHEM MX MPUXO0Jia K CIyIIaTeNI0 U MPsSMbIM 3BYKOM He mpesbimaer 100
MUJUTUCEKYH]I.

Bmopuunsie u nocnedyrowue (no3onue) ompasxcenus — 3TO 3ByKOBbIE BOJHBI, KOTOpbIE
JOXOMAAT JIO CIYIIATENIS MOCHE BYX M 0oJjiee OTpaKeHUH C 3a7ep>KKoi 1Mo BpemeHu cBbimre 100
MC. 3BYKH C HEOOJBIITNM YHUCIOM IMOBTOPHBIX OTPAKCHHUN BOCIIPUHUMAIOTCS HA CIyX Kak 3Xx0. C
YBEJIMYEHUEM YHCIIa MHOTOKPATHBIX OTpPa)X€HUI WX MHTEHCUBHOCTh U BPEMEHHON WHTEpBal
MEXJy HUMHU YMEHBILIAIOTCS, OTPAXEHUSI TEPECTAIOT BOCIPUHUMATHCS KAaK OTACNIbHBIEC 3BYKH,
OHM CJIMBAIOTCS B OJIMH CILIOIIHOM MOCTETICHHO 3aTyXaloIInii 3ByK. B pe3ynbrare peBepOeparim
uMensaemcs — aKkyCmudeckull 4acmommubsili CHeKmp 368yKa. BBICOKHE YacTOTBI OCIA0ISIOTCS
ObICTpee, YeM HH3KHE, BOT MOYeMy TeMOp OTPaKEHHOTO 3ByKa Msrde W OoJjiee 3arjiyiieH Io
CPaBHEHHUIO C HCXOJHBIM 3BYKOM. BenuunMHa 3aTyXxaHusi BBICOKMX 4YacTOT 3aBUCUT OT
paccTosHMs, MPEO0JIEBAEMOr0 3BYKOBOM BOJIHOM, M CBOWMCTB MaTepuaga OTpaKarouux
MOBEPXHOCTEN. DTOT CIUIOUIHOM 3BYK C SKCIIOHEHIIMAJIbHO YMEHBIIAIOMIEHCS MHTEHCUBHOCTBIO U
€CTh COOCTBEHHO peBepOepanmsi. YacTo ero Ha3pIBalOT peBEPOCPAIIMOHHBIN XBOCT.

Puc.4.29. OtpaxxeHus 3ByKoB
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IIpsmoii curaan
IlepBuunsie
OTpa’KCHUs Bropuunsie
OTpa’KeHHS
PegepGepanus
0 10mc ' ~ 100mc 1000me

Puc.4.30. PeBepOepanus

Uewm Oosblile YUCIIO OTPAKEHUN U MEHbILIE BpEMEHHbIE HHTEPBAJIBI MEX/y HUMH, TEM BBILLIE
w1oTHOCTh (Auddy3HOCTH) 3BYKOB B 3TOM XBocTe. MIMEHHO Ouggysnocms 38yka co3naer
omymieHrne oobema mnomemieHus. s ee yBenwdyeHHsT  HEOOXOAMMO, YTOOBI B CO3JaHUU
peBepOepalMy MPUHUMAIO YYacTHE KaK MOXHO OoJpIllee YHUCIO OTPAKEHUH CHUTHAJOB OT
oTpakarIlux noepxHocTeil. [loaToMy B Xopomux 3amax Bbl HE BCTPETUTE MPOCTHIX IIOCKUX
CTeH - JUIs ylIyduleHdus JU(QQY3HOCTH MOJYy4aeMOro 3BYKOBOIO MOJS MX BCEraa JIenaroT
M3JIOMAHHBIMH, YTOOBI KaK MOKHO OOJIbIIE YBEIUUNUTh YUCIIO OTPAXKECHUH.

[Ipsimoii curnan HeceT UH(GOPMAIIHMIO TOJIBKO O PACIOI0KEHUH UCTOYHHUKA 3BYKa CIIPaBa WK
cieBa or ciuymartens. Kakoi-in6o HWHOH NpOCTPAaHCTBEHHOW HMHQOpPMALMM B HEM HeE
comepxkurcsi. PaHHMe oTpakeHuss HecyT B cebe HMHGPOpPMAIMIO O MECTe PacClOJIOKEHUS
UCIIOJIHUTENSL U O pa3Mmepax nomeuieHus. VIMEHHO AaHHbIE OTpaXKeHHUsS BHOCST HauOOJIbIIUI
BKJIaJ] B IPOCTPAHCTBEHHOE OINYIIEHHWE AaKyCTUKM 3aja. 3aBepLIAIOLIMI  y4acTOK
peBepOEpaAIMOHHOTO  TIpoIecca OMpeAeNseT TaK Ha3blBaeMyr '"TYJIKOCTH'  3By4YaHWs,
CBOMCTBEHHYIO ITyCTOMY ITOMEILEHUIO.

3ByK peBepOepaluu B ayJWTOPUU 3aTyXaeT CO BPEMEHEM H3-3a IOTEpPU SHEPTUU OT
MOTJIOIAIOIIET0 MaTepuayia 3JIEMEHTOB OTpakeHUs KOMHaThl. Yem Oosblie KO3 UIMEHT
OTPa)KEHHS KOMHATBI, TEM JAOJbIlIE IMPOUCXOAUT 3aTyXaHUE, U O KOMHATE TOBOPSAT «KUBAs».
ITpu GomnbIieM MOTJIOLIEHUH KOMHATHI 3BYK 3aTyXaeT ObICTPO, U KOMHATa XapaKTepUu3yeTcs Kak
«MEepTBas».

Bpemsi 3aTyxaHus 3aBUCUT U OT I'DOMKOCTH TECTOBOIO 3ByKa. JTO CBSI3aHO C TEM, 4TO
3aryxaroliee KosiebaHHEe MOXKET OKa3aTbCsid HUKE YpOBHA IIymMa mnomemieHus. llostomy
cmanoapmuoe epems pesepbepayuy ONpPEAENseTcs Kak  HMHTEpBaJl BpPEMEHHM, B TEUYCHHUE
KOTOpPOr0 YpOBEHb 3ByKa yMeHbLIaeTcst Ha 60 10 OTHOCUTENBHO MCXOIHOIO 3HAYEHHs. 3a
UCXOJHOE 3HaueHue NpuHATO 3ByKoBoe nasieHue 100 nb SPL, a ypoBeHp mnpekpaiueHus
peBepOepanuu — 40 1b SPL, 4T0 COOTBETCTBYET YPOBHIO IIIyMa B XOPOUIMX KOHLIEPTHBIX 3ajax.
Bpewmst peBepbepanin MOXKeT ObITh pacCYMTaHO 10 (popMmyie

V
T, =1630—, (4.16
60 03 (4.16)

raeV —o6beM komHaThl (M), O - KOI(pQUIMEHT NOIIONMIEHHS MOBEPXHOCTEH, S — obIas
IUIOMIA/Ib IOBEPXHOCTEN (M?).

Jl1s KOHUEPTHBIX 3aJI0B BpeMs peBepOepaluu J0JKHO ObITh B mpenenax ot 1,5 mo 2.5 c.
Bpewmst peBepOepanuu JTydninx KOHIEPTHBIX 3aJI0B MUpA:

Vienna, Musikvereinsaal : 2.05 seconds ,

Boston, Symphony Hall: 1.8 seconds ,

New York, Carnegie Hall: 1.7 seconds.

Bo3nukHOBeHHH peBepOepaluy CBSI3aHO € TEM, YTO NPH HM3JIyYEeHHH 3BYKAa B 3aMKHYTOM
MOMEIICHUH B HEM BO3HUKAIOT CTOSYME BOJHBI B JIFOOOM M3 HANpaBJICHUH B JEKapTOBOMN
cucTeMe KOOpJIMHAT, KOTJa BIOJb 3TOTO HANpPaBICHHUS B KOMHATE YKJIAJIbIBA€TCS LIEJIOE YHCIIO
MIOJTYBOJIH M3JIydaeMoro 3Byka. CoOCTBEHHasi pe30HAHCHAsI YacTOTa MPSMOYTOJIBHOW KOMHATHI,
CBSI3aHa C TUMHU YaCTOTaMH PaBEHCTBOM
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r71e ¢ ~ CKOpOCTb 3ByKa, lx.ly.l; — pasmepsl koMHATBI, Mys7)y,7; ~ moOGBIE IE/Ible YHCIA OT HYJIS
u Beilie. Hanmpumep, ecnu Bce pazmepbl KOMHATHI paBHbI 10 M, TO HUXKHSS PE30HAHCHAs 4acToTa

paBua 17 Ty (7, =1, ny, = 0, n,=0). Yem Gonpire pa3mepsl KOMHATBI, TeM ¢ OoJiee HU3KHX

Puc.4.31. UMmynbcHOE BO3/IEHCTBHE U OTKIIUK

4acTOT BO3HHUKAIOT  CTOSlMME BOJIHBL. Ha BBICOKMX YacTOTax IUIOTHOCTh CTOAYUX BOJH
CTaHOBUTCSI HACTOJIBKO OOJIBILION, YTO OHU NMEPEKPHIBAIOT APYT JApPYyTa.

Haubonee mnonmHON ~ XapaKTEpUCTHUKOW aKyCTHUECKHMX CBOMCTB IIOMEIIEHUS SBISETCS
UMIYJIbCHBIA  (peBepOepallMOHHBINA) OTKIMK  HAa €JUHUYHOE HWMITYJbCHOE BO3JEICTBHE
(puc.4.31). Texuuyecku npoueaypa MOJydyeHHs: MUMITYJIbCHOTO OTKJIMKA OTpaboTaHa s JTI0OBIX
nomenieHuil. OHa oOuyeHb BaKHa TEM, YTO IIO3BOJISIET C IOMOILBIO OMNEpallud CBEPTKH
UMITyJbCHOTO OTKJIMKAa  IIOMEIIEHHs M 3BYKOBOI'O CHUTrHaJla CO31aTh HCKYCCTBEHHO
peBepOepaltio Takyr kK€, Kak B JIIOOOM KOHLIEPTHOM 3ajie. Takas BO3MOXXHOCTb  IIUPOKO
UCTIONB3YyeTCs B LU(POBBIX peBepOepaTopax.

4.7.2.AckyccTBeHHasi pesepOepanusi

VYcrpoiicTBa,  MMUTHpYIOLIHE €CTECTBEHHYIO  peBepOepaluio,  Ha3bIBaIOTCS
pesepoepamopamu.  DPGHEKT HUCKYCCTBEHHOW peBepOepary 3aKiIio4yaeTcss B PHUIAHUH
3BYYaHUI0 OOBEMHOCTH, XapaKTepHOW s OOJBIIOrO 3aja, TN KaKIbld 3BYK IOPOXKIAET
COOTBETCTBYIOILIMH, MEAJEHHO Yracalmolluil OT3BYK. 3BYKH MY3BbIKAIbHBIX HHCTPYMEHTOB
CTaHOBSTCS COYHBIMH, OOBEMHBIMH C OOraTbiM TEMOpPOBBIM COCTaBOM. [ojoca meBLOB
MPUOOPETAIOT HAMEBHOCTb, HEJOCTATKU, MPHUCYIIME KM CTAHOBATCS Majl03aMETHBIMH.
PeBepOeparyisi MUPOKO MPUMEHSIETCS B CIydasx, Korja HeoOXoauMo "ykpacuTb', o0OraTuTh
3BY4YaHHE COJIBHOTO MHCTPYMEHTA WJIM roJjloca, a TakKKe CTPYHHOH, TyXOBOW TPYII WM JPYTUX
rOJI0COB OPKECTPA 3a UCKIIIOUEHUEM TOJIBKO PUTM-CEKIIUH.

PeBepOepariuio MCHONB3YIOT Uil YIY4YIIEHUS U TOJYEPKUBAHUSA  XYJ0’KECTBEHHOM
BBIPA3UTENLHOCTH PEUH, MEHHs], 3BYy4aHUs! OTAEIbHBIX MY3bIKAIbHBIX MHCTPYMEHTOB. Dddekt
UCKYCCTBEHHOM peBepOepaluy pacHiMpsieT Juana3oH TPOMKOCTH  3BYyKa yIapHBIX
MHCTPYMEHTOB, 4YTO Oojiee MpPUATHO JUISI BOCHPUATHS, 4YeM OOBIYHBIA CKYYHBIH 3BYK.
HckyccTBeHHast peBepOepanys MOKET CO37aBaThCsl C MOMOILIBIO IEJNOro psaa TEXHHUYECKHX
CPEICTB.

CunTaercs, 4TO JUIsl KpaCHBO 3By4alllell peBepOepaiiy epBble paHHUE OTPAKEHHUS! TOJKHBI
npuxoauTe dvepe3 15...20 Mc mocne mnpsAMOro 3ByKa, a CyMmMMapHas MOIIHOCTb PaHHUX
oTpaxxeHui (B aumamazoHe 15...50 Mc) nomKHA COCTaBIATH MpUMEpPHO -6 n1b oT MomHocTH
npsaMoro curHana. Ha Bocmpusatue peBepOepauuu HauOojiee CHIBHO BIUSET 3aTyXaHuUe
peBepOepanuu oT MaKCUMAJIbHOTO 3HAYCHUS J10 YPOBHS -15 nb.

Pesepbepayuonas kamepa. IT0 IOMENIEHHE C XOPOIIO OTPAXKAIOUIUMH 3BYK THperpajaMu
oosemoMm oT 120 no 300 m3. MaccuBHBIE CTEHBI MOJI U MOTOJIOK KaMephl UMEIOT pa3HbI€ YIJIbI
HakioHa. C MOMOINBIO Takod Kamepel (opMmMupyercs peBepOepaiust Haubosnee OMU3Kas K
€CTECTBEHHOH. ['pOMKOrOBOpPHUTENs U MUKPOGOH YCTaHABJIMBAIOTCS TaK, YTOOBI MEXAY HUMU
ObUI0O MaKCHUMAaJIbHOE PACCTOSHUE, U Ha MHUKPO(GOH MOMNaJaid B OCHOBHOM MHOTOKpATHBIE
orpaxkeHus. CurHan ¢ MUKpO(pOHa CMEIIMBAETCA C HCXOAHBIM CHTHAJIOM, MOJaBaeMbIM Ha
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rpoMkoroBoputens. Hemocratok peBepOepallMOHHONW Kamepbl — I'POMO3JIKOCTh M BBICOKAs
CTOMMOCTb. Takasi Kamepa CyIIeCTBYET TOJbKO B KPEMJIEBCKOM JBOpLEe che3oB. Hanbosnbinee
BpeMs peBepOepanuu J1octuraer S...7 c.

Jlucmosoii pesepbepamop. B TakoMm peepOepaTope HUCIONB3YIOTCS METALTHYECKUNA JIUCT
pasmepoM 1x2 M, MoJBeMIMBaeMbI Ha MPY)KMHAX, BBIIOJIHIIOMUX poiib aemmdepos. K nucty
NEPIEeHIUKYISIPHO €ro IUIOCKOCTH ECTKO KpEHmUTCsl  MOJBIKHAS KaTyllka  3JIeKTpo-
MEXaHUYECKOro MpeoOpa3oBaTess MOXOXKEro MO0 KOHCTPYKIMM HAa TPOMKOTOBOpHTENb. s
chbeMa  BHOpanMid JIUCTa  HMCHOJNB3YEeTCSd MEXaHO-3JEKTPUUYECKHUE JaT4MK JI000ro THMa
(TbE303JIEKTPUYECKUIA MM PE3UCTUBHBIN), CUTHAJ C KOTOPOTO MOJAeTCs Ha YCUIUTEb. D ekt
peBepOepaniyi  BO3HHMKAET Ojarojapst OTPKEHUIO W3TUOHBIX KOJeOaHW OT TpaHUIl
MeTaJIIIM4ecKoro aucta. [lyreM HM3MEHEHMsI HATSXKEHUS NPYKUH YCTaHABIMBAECTCA XapakTep
peBepOepanum.

Ipysrcunnolii pesepboepamop. ITOT peBepOeparop MOAOOEH JIMCTOBOMY, TOJIBKO B HEM
BMECTO  METAJNTMYECKUX JIMCTOB HCHOJb3yeTCs MJIMHHAS CTalbHas NPOBOJIOKA, CBUTas B
cnupaiib. Ha ee 0JJHOM KOHIIE KPETUTCS 3JIEKTPO-MEXaHUUECKUi mpeoOpa3oBaTelb, CO3Jar0Iuil
KpyTuJbHbIE Kojiebanusa. Ha npyroM KoHIle — MEXaHO-3JIEKTPUUECKUN TaTYUK, YyBCTBUTEIbHBII
K KPYTHJIBHBIM KojieOaHusIM. B oTimume oT naucTOBOro pesepOeparopa MpoOIECC HOCHUT
OJTHOMEPHBIM XapakTep U peBepOeparms OYEHb JAJIEKa OT HATypaJlbHOM. Takue
peBepOepaTopbl YaCTO MHTETPUPYIOTCS B YCHIJIMTENb M 0 CHUX TOP HCIOJB3YIOTCS B TUTAPHBIX
IpoLeccopax.

HecmoTps Ha HecoBepIIEHCTBO, MPYKUHHBIE M JIUCTOBBIE peBepOepaTopbl OCTAaBUIM CBOU
clie]l B 3ByKO3aIuCH, COPMUPOBAIIHN ONPEAETIEHHYIO ICTETUKY 3ByYaHUs, U IO CHX IMOP MX 3BYK
UMHUTHpPYETCS MMOYTH BCEMU IIM(PPOBBIMH peBepOepaTopaMu

Ananocosuiti d1eKmpoHHbIL  pesepbepamop. ITO aHAIOTOBAsI JTUHUS 3aJePKKH Ha OCHOBE
MarHuTo(OHa CO CKBO3HBIM KaHAJIOM W HECKOJBKHMHU TOJIOBKAMM BOCIpOU3BeAeHHUs. Umucio
TOJIOBOK MOXET ObITh OT 2 A0 24, OHO ONpeJeNseT YHUCIO OTPAKEHUM, a PACCTOSHUE MEXKIY
rOJIOBKAMH — BpPEMEHHOW HHTEpBall Mexay HUMH. CHUTHal C BBIXOJOB  BCEX TIOJOBOK
BOCIIPOM3BEJICHUSI Yepe3 CyMMaTop IMOJAeTcss Ha BXOJA ycuiuTens 3anucu. PakTUYecKH 3TO
MHOTOOTBOJIHAsL JIMHUS 3aJepXKKH, (HOpMHUpYIOIAsi psf 3aTyXarollUX MOBTOPOB. Perymupys
YpOBEHb Ka)KJOTO TOBTOPA M CKOPOCTH JBIKEHHUSI JIEHTHI, MOKHO OBUIO MEHATH XapakTep
peBepOepanuu.

Lugposoii pesepdoepamop. ITo 1MPpoBast JTUHUU 3a7EPKKH C OOpPAaTHOM CBS3BIO U C
OTBOJAMH, KOTOPbIE UMUTUPYET 3aTyXalolUe OTPAKEHUS 3ByKa C YCTAHOBJIEHHON BPEMEHHOMU
3anepxkkou. st ux popMHUpPOBaHUS BBIXOJHOW CUTHAI JIMHUHM Yepe3 CyMMaTOp CHOBA MOJAETCS
Ha BXOJ C 3aTyXaHMEM MEHbIIE €IUHMIIBI U CYMMHpPYETCS C BXOAHBIM curHaiom. Iloatomy
KaXKJ0€ CleAyIollee MOBTOPEHUE CUTHAlla HMMeeT OoJblliee 3aTyxaHue, yeM mpezasiaymiee. OT
BEJIMYMHBI 3TOTO 3aTyXaHHsl 3aBUCHUT YMCIIO TIOBTOPEHUI CUTHAJA C 3alaHHOM 3a/1€PKKOM.

HecMmoTtpst Ha To, UTO B macmopTax Ha yCTpOMCTBa yka3aHbl COTHH BHUJOB peBepOepaiuu,
YHCIO OCHOBHBIX THIIOB aJTOPUTMOB B KaXJI0M IpuOope HeBeiuko, He Ooinee 5...10. A BoT
KOJIMYECTBO BapHAHTOB 3BYy4YaHHS, T.€. MOJIb30BATENbCKUX (DAOpPUUYHBIX MPUCETOB — MHOTHE
COTHH.

K ocnosnvim ancopummam undpoBsix peBepOepaTOpoB OTHOCATCS:

Hall — umuTHpyeTcs akycTHKa KOHLEPTHOro 3ana. [ mybokas peBepOepaiust ¢ rpoMaHbIM
BpEMEHEM 3aMHUpaHusi, CYObEKTUBHO OHA OTAEJSAET HCTOYHHUK 3BYKa OT CIIyIIaTes;

Room -  peBepOepauuss HeOGONbIIOW KOMHAaThl. OHa MOAXOAUT JANS AKyCTUYECKHX
WHCTPYMEHTOB B .KaMepHOU atMocdepe;

Live — umurtupyercs xuBas atMocepa, CUMUTAETCS, YTO OHA OOJbIIE MOAXOIUT IS
COJIUPYIOUINX UHCTPYMEHTOB;

Plate — wumuTHpyercs peBepOepanys IUIOCKOH METaJUIMYECKOM IUIACTHUHBI.  JTO
UCIIONIb3YETCS ISl BOKAJIa U yJapHBIX HHCTPYMEHTOB;

Spring — uMuTHpYeTCs IPYKUHHBIM peBepOeparop;

Chamber — nmuTupyetcs pesepobepaioHHas Kamepa;
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Gate — umutupyetcs peBepOepaiusi co cpe3oM (uHanbHONW (as3bl AeMipupoBaHus. IToO
NpUIaeT JAWHAMHYECKUH XapakTep 3BYKY M HCIONB3YeTCS C YAapHBIMH  WHCTPYMEHTaMH,
oco0eHHO ¢ OapabaHamu.

Reverse — mMHuTHpYyeTCs XyJIOXKECTBEHHas peBepOepanusi ¢ WHBEPCHOW Ormdaromiei, T.e.
CHayaJla OHa TOCTENEHHO YBEJIMYMBAETCS U 3aTeM pe3Ko oOphiBaeTcs. Takoil 3p¢exT Moxer
OBITh TIONYYEeH WHBEPTHPOBAaHUEM 3BYKa pPENAaKTOPOM, IIPH HCIIOJB30BaHUH  OOBIYHOM
peBepOepalMu ¥ MHBEPCHOM Bepcuu. B aToM ciyuae peBepOepariisi HAUMHAETCS JO UCXOJIHOTO
3ByKa. OTOT 0COOBIi 3(()eKT NHOTJa UCTIONB3YIOT /ISl BOKAJIA.

K naubonee sasrcnvim napamempam coBpeMEHHbBIX IH(POBBIX peBepOEPaTOPOB OTHOCITCS
CclIeyIolIue:

Reverb Time (Decay time)— BpeMsi peBepOepai. IT0 BpeMsl 3aTyXaHHs 3ByKa MPUMEPHO
Ha 60 nb. 3ByKk peBepOepanuu B ayIUTOPHH 3aTyXaeT CO BPEMEHEM H3-3a MOTEPHU DHEPTHUH OT
MOTJIOIIAIOIIET0 MaTepualia 3JIEMEHTOB OTpakeHUs KOMHaThl. Yem Oosblie Kod((UIMEHT
OTPaXEHHS KOMHATHI, TEM JOJIbIIe TPOUCXOINT 3aTyXaHWE, U O KOMHATE TOBOPAT (OKHBAs.
ITpu GomnbIieM MOTJIOIIEHUH KOMHATHI 3BYK 3aTyXaeT ObICTPO, U KOMHATa XapaKTepu3yeTcs Kak
«MEPTBasD).

Reverb Delay — 3anepxka peBepOepaiiui. IT0 UHTEPBAI MEXIY PAaHHUMU OTPAKEHUSMH U
peBeOepaIrmoOHHBIM XBOCTOM.

Pre Delay - nepBoHadaqbHOE BpeMs 33JiepKKH. DTO MHTEPBAJ MEXIY MPSAMBIM 3BYKOM U
MEPBBIM PaHHUM OTpPaX€HHEM, €ro BenuyuHa MoxeT ObiThb oT 0 g0 100 mc. DTOT mapamerp
CBSI3aH C MMHUTAIMEN BUPTYaJbHBIX pa3MEPOB KOMHATHI, B KOTOPOI HAXOIUTCS CiylaTesb. Yem
MEHBIIIE €T0 3HAYEeHHUE, TeM 0oJiee MaJeHbKHE pa3Mephl KOMHATHI.

Density of early (primary) reflections- NIOTHOCTh PAaHHUX OTPAXKEHUH. DTOT MapameTp
XapaKTepu3yeT TEOMETPHI0O WMHUTHPYEMOW KOMHATBL. YeM MeHbIIe WHTEPBAIBl MEXKIY
OTpaXEHUAMH, TeM OoJiee MajleHbKUE pa3Mepbl KOMHATHI.

Early Reflection Level — ypoBeHb paHHMX OTpaXX€HU. ODTOT mapamMeTp CBsi3aH CO
CBOWCTBAMM OTpPAXKAIOIIEro MaTepuasa MOKPbITUNA KOMHATHI.

Balance (Dry/Wet)- 6Gananc (mpsiMoil 3BYK/3BYK C peBepOepammeii). DTOT mapaMerp
OIpe/IeIIeT OTHOIIEHUE MPSMOT0 3ByKa M 3BYKa ¢ peBepOepariei.

Diffusion of reverberation —muddy3nocts peBepbepanuu. Korga 3ToT mapaMmerp HU3KHH,
s dexT peBepOepaiii CTAHOBUTCS JUCKPETHBIM M 3BYK BOCIIPUHUMAETCS KaK 9XO.

4.7.3.AaropurMsl pesepoepanuu

I'maBHBIM Ha3zHaueHHEM peBepOEpaTOPOB SIBIISETCS UMUTAIMS OOBEMHOTO 3BYYaHHUS MyTEM
MOJEIIMPOBAHNS aKyCTHYECKUX YCJIOBHH pPACHpPOCTPAHEHUS 3ByKa B PA3JIUYHBIX YCIOBHSX-
KOHLEPTHBIM 3aJl, >KUjas KOMHATa, 3arilyllleHHas KaMepa, JieC WM uuctoe noiue. Mnen
MIOCTPOEHHUS aJTOPUTMOB peBepOepallud MOKHO IPOCTO OINUCATh TOJIBKO NMPUMEHUTENBHO K

Sound Source

Gain
Reduction

Gain
Reduction

Summing

Puc.4.32. AnroputM UMHTAIMH OTPAXKEHUN OT ABYX CTEH

91



pacrpoCTpaHEeHUI0 3ByKa B OOBIKHOBEHHOM KOMHATe, B KOTOPOH BCEero 6 OTpakarolIux
MoBepXHOCTeH. B 3THUX anropurMax yduThiBaloTCd KOA(P(GUIUMEHTHl OTPaKEHUs MMOBEPXHOCTEH,
paHHUE U NO3HUE OTPAKECHUS.

Ha puc.4.32. noka3zaHbl NEpBUYHBIE U BTOPUYHBIE OTPAKEHMS 3BYKa TOJBKO OT JABYX CTEH.
Ha sTOM ’Xe pHCyHKE NpHUBEAEH aJrOpUTM peBepOepali, COOTBETCTBYIOIIUM 3TUM YCIOBHUSIM.

Sound Source

Delay Delay Delay Delay Delay Delay
Gain Gain [ Gain ; Gain Gain Gain
Reduction Reduction Z Reduction Reduction Reduction Reduction

— %
0 ,
Filter Filter Filt Filter | Filter Filter

Summiing

Puc.4.33. Anroput™M UMHTAIMK OTPAKEHUH OT 4 CTEH, MOTOJIKA U 1oJIa

B stoM anroputme peBepOepanmsi Moaenupyercs auHHE 3anepxkku (delay line), xoTtopas
3aBUCHUT OT pa3MepOB KOMHAThI, KOA(PPUIIMEHTOM OoTpakeHHs cTeH (gain reduction) u GuiabTpoM
Hu3kux 4vactoT (filter), KOTOphIfi  yYUTBHIBAET 3aBUCHUMOCTh KO3(PQUIMEHTA MOTIOLICHUS
IIOKPBITUSL CTEH OT 4acTOThbl. BTOpHUYHBIE OTpa)kK€HUs YUYMTHIBAIOTCA IIyTEM BBEACHMS JIMHUMN
oOpatHo#l cBsi3u. Ilpu yuere mepBUYHBIX M BTOPUUHBIX OTPaXEHUU OT Bcex 6 MOBEpXHOCTEH
KOMHATBI aJITOPUTM peBepOepaliii HEMMOBEPHO YycioxkHsaeTcst (puc.4.33.). Ha camom nene Bce
ellle CJIOKHEe, U HAJ0 YYUThIBaTh, YTO PACCTOSSHUE OT CTEHbI JO CTEHBbl 3aBUCUT OT YIJia
NIaJICHNUs 3BYKOBOM BOJIHBI. JTH aJTOPUTMBI HE YUUTHIBAIOT, YTO 3BYK, PACIPOCTPAHSIOLIUICS B
3aje, OTpakaeTcs He TOJBKO OT CTEH, HO TAaKKe M OT Kpecell, MoJla U MPOYHX IMOBEPXHOCTEH,
KOTOpBIE IOPOKJAIOT IIOTOKM JOIOJHUTEIBHBIX 3BYKOBBIX BOJH. Kpome Toro, kaxnas
MOBEPXHOCTh 00JIaZ]aeT CBOWCTBOM IIOTJIOIICHUS, B PE3YJIbTATE€ YEro OTPAXEHHBIH OT 3TOH
IIOBEPXHOCTU CHUTHAJI MOXKET UMETh HECKOJIBKO OTJIMYHBIN OT IIPUILEAIEro cursana crnekrp. [lo
STOW MpPUYUHE, JIJIS CO3/aHUsl PEAMCTHUYHOM peBepOepaluyl MoJiIb3yHTCs 3HAUMTEIbHO Oosiee
CJIOKHBIMH QJIFOPUTMAMH.

ba3oBoit 0OCHOBON MMMTAlMU MMO3HUX OTPAKEHUH B IIUPPOBBIX peBepOepaTopax sIBJISIOTCS
rpebeHyaTelii W Bce Mpolnyckarolui ¢uibTpbl. B mepBoM ncnosib3yercss TOnbko oOparHas
CBsI3b, @ BTOPOM - IpsiMasi U oOpatHas cBsa3u. X (yHKUMOHANbHBIE CXeMbl MPUBEIEHBI Ha
puc.4.34 . Ilepenatounas ¢pyHkuus rpedeHuaroro GpuibTpa

I'pebenyarslii punbTp Bcenponyckaroruii GuibTp

3anepxka

)

Ycunenue Vcunenue

x(n)

Puc.4.34. BazoBbie ameMeHTH MU POBBIX peBepOepaTopoB
-M
H(z)=

4.
- (4.18)

M’
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OTKJIMK 3TUX (PUIBTPOB MpeCTaBIeHbI Ha puc.4.35.
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Puc.4.35. ImnynbCHbIE M 4aCTOTHBIE OTKJIMKYU rpeOeHuaTroro GuiIbTpa U Bee MPOIyCKaoMero GuibTpa

Pannue oTpakeHUss UMEIOT pelalolee 3HAUYCHUE [UJIS  OLIYIIECHHS BOCIIPUATHUS
MIPOCTPAHCTBA, B 4acTHOCTH, d(ddekTa oObema koMHaThl. Hambornee yacTo Uis UX MUMHTALUU
ucnosb3yeTcs: anroput™M ['ep3ona, nmpuBeaeHHbIN Ha puc.4.36. B 3Tol cxeme 3ByKOBOM CUTHAI
YMHOXaeTcsl Ha KO3(QUIMEHT B3BEUIMBaHUS U TojaeTcss Ha OJOK, MMUTHUPYIOLIUN paHHUE
OTpa)X€HUs, Jajieeé OHU CYMMHPYIOTCS CO 3BYKOBBIM CHUTHaJOM. B kauecTBe wuMHTaTOpa
OTpaXKeHUH OOBIYHO HCIOJB3YETCS PEKYPCHUBHBIN bunbTp c 3amepxxkkod M BBIOOPOK

(puc.4.36). CurHansl Ha OTBOJAX B3BEIIMBAIOTCA CO CBOUMHU KOI(PDUITUEHTAMHU 3aTyXaHUus g; .
Anroput™msl o3Hel peBepOepauuu Obuin npeanoxensl Ipogepom 1 Moopem Ha ocHOBE
x(n) y(n) «x[n]
+

Wmurarop iy
paHHHX
OTpaKEHH

PexypcuBHbIi QUIBTP

Puc.4.36. Imutanus paHHUX OTpakeHUil

NPUMEHEHHUsI JIMHUHA 3a7epKeK C OOpaTHOM CBSI3M, Y KOTOPBIX HMITYJbCHBIA OTKIMK HMEET
SKCIIOHEHIIMAJIbHBIA 3akoH  3aryxanus. Ha puc.4.37 mnpuBeneHa cxema ¢GopMUPOBaHUS
peBepOeparmn Moopa. B 3Toif cxemMe paHHHE OTpPaKCHHS HMHUTHUPYIOTCS € TOMOIIBIO
MHOTOOTBOAHOW JWUHUW 3anepkku Ha ocHoBe KUX-punbrpa. Bce BBIXOAHBIC CHUTHANBI

B3BEILIUBAIOTCS B COOTBETCTBUM ¢ KO3 duimeHTamu 3atyxaHus §; 1 CyMMUPYIOTCS. 3HaYeHUs
3THX KOA((UIIMEHTOB PACCUUTHIBAIOTCS TO (hopMyIie
g =107 RS ,
Ty U
re M; — BpeMs 3aEpXKKH, 3aaBaEMOi YMCIIOM BBIOOPOK, [y — wactora auckperusamuu, [z —
BpeMs peBepOeparum.
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JUie MMUTalMM TO3IHUX OTPAKEHUHW MCHOJIB3YIOTCS 6 MapauleIbHO COEIMHEHHBIX
rpebedatsix GUIBTPOB ¢ 0OPATHOM CBSI3bIO, BHIXOABI KOTOPHIX CyMMHpPYIOTCS. B 1ienu obpaTHOi
cBs3u Kaxzaoro u3 Hux BkimodeH @HY 1 mopsaka, KOTOpbI UMUTHPYIOT 3GGEKT 3aTyXaHHs
MHTEHCUBHOCTH OTpPaX€HUH Ha BBICOKMX yacToTaX. CyMMapHBIM CUTHAN C 3TUX (QUIBTPOB
M0JIaeTCsl Ha BBIXOJ Yepe3 BPEMEHHYIO 3a/Iep’KKy Ha OCHOBE BCE MPOIMYCKAIOLIETo QuiIbTpa. ITa
3aJlep’)KKa UMUTHPYET 3alas/blBaHUe  MO3JHUX OTPAKEHUH IO OTHOLIEHUI0 K pPaHHUM

oTpaxkeHusiM Ha 6 Mc. Koopumment 4= 0,7 co3maeT HeOOXOMUMBIA YPOBEHb IO3HUX

xin) p—
] iy ms  my & nhun‘-_-\. my | }_L

np ay ny Tl Ay ay

UCKa)KEHUI.

yin)

Puc.4.37. Cxema mmudpoBoro peepbepatopa Moopa

[Tpu umMuTaLIMKM BUPTYaJIbHOM KOMHAThl MOJEIIUPYIOTCS €€ aKyCTHUECKHE XapaKTEPUCTUKH.
Bonpiield 4yacTelo Takas MMUTalMs [POU3BOIUTCS B pexuMme MnocT-oOpabotku. B
MaTeMaTHYECKOM IIaHe Takas 00paboTKa COOTBETCTBYET CBEPTKE 3BYKOBOro curama X(f)c
VMITYJIbCHBIM OTKJIMKOM ~ KOMHathl /(). WMIyibCHBIM OTKIMK MEXIy IBYMs TOYKAMH B
KoMHaTe npuBeieH Ha puc.4.31. OH COCTOUT U3 MPSIMOTO CUTHAJIA, PAHHUX OTPaXXEHHH (OT CTEH)
U no3aHell peBepOepauuu. PaHHME OTpakeHHsS MOCTENEHHO YMEHBIIAIOTCS CO BPEMEHEM U
NEPEXONAT B CIy4YalHBI CHUTHal C DKCIOHEHLUAIbHBIM 3aTyXaHHMEM, Ha3bIBAEMOM
peBepOeparms.

Takoif crmoco® co3gaHusi HMCKYCCTBEHHOW peBepOepali Ha3bIBACTCA KOHBONIOYUOHHAS
pesepbepayusi. UmnynbeHbiii oTknuk /(1) mudpoBoi JIHMHEHHOM CHCTEMBI IOKa3bIBAET
pEaKLUI0 CUCTEMBI Ha IIPOCTEUINI BXOJIHOM CUTHAI - €IMHUYHBINA UMITYJIbC. 3HAsl 3TOT OTKIIUK,
MOYHO BBIYHCIUTH OTKIMK V(1) B mupposoii hopMe Ha MPOM3BONBLHBIA BXOAHON curHai X(7)
C MIOMOILBIO ONIEPALIUU CBEPTKH,

N+M-2
ym= % x(n-k)hm), (4.20)
k=0
rie M u N - 4ucio OTCYETOB IEpEMHOXaeMbIX (QYHKIMH. Jpyrumu cioBamu, 3Has
peBepOepallMOHHbIN OTKJIMK KOMHAThl HA IIETYOK €JMHUYHOTO MMITYJIbCA, MOXHO BBIYHUCIHUTH
peBepOeparuio i JTF000T0 CI0KHOTO CUTHATIA.

Peanu3zanus Takoil BEIYMCIUTEIBHON NMPOLEAYPHI CTATIKUBAETCs ¢ AByMs npobiemamu. [Tpu
yactoTe auckperusanuu 44100 'y Ui BBIOJHEHUS ONEpali CBEPTKU 110 UMHUTALMKA PaHHUX
OTpakeHWH, 3ama3apiBarommx Ha BpeMs a0 100 mc, tpedyercs 4410 sneMmeHTHBIN GuibTp. s
MMUTALUA TIO3JHUX OTPAXKEHUH, JJIUTEIBHOCTh KOTOPBIX Jocturaetr 2 ¢, tpedyercs 88200
3JIEMEHTHBIN (PUIIBTP HA KaXKJbIi 3BYKOBOHM KaHall. TE€XHUYECKU 3TO HE PeaTn3yeMo.

JllMHa MMIyJNbCHBIX OTKJIMKOB NOMEILIEHWI 3aBUCUT OT MX BpeMeHH peBepOepanuu. Ha
BOCIIpHUsTHE peBepOepaluy HaubOosiee CHUIBHO BIIMSET 3aTyXaHHe peBepOepaluu  OT
MaKCUMaJIbHOTO 3HaueHus 10 ypoBHs -15 1b. MoxHO cunTath, 4TO 3aTyXaHue HIKE YPOBHS -60
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nb MPAKTHUYCCKU HC BJIMACT HA BOCIIPUATHC. I[J'II/IHa HUMITYJIBCOB OTKIIMKA MOMEIIEHUN A0 X
3aTyXaHusa 0 YPOBHA -60 1b MOXET HMCUHCIATHLCS HECKOJIbKUMH CCKyHaAaMu, T.C. IJIMHA
HUMITYJIbCHOTO OTKJIMKa M MOXET COCTaBIATh JECATKHM U JaXKe€ COTHH ThICSY I.[H(ppOBLIX
OTCYCTOB.

Ecnun mnmutenbHOCTH 3BYKOBOI'O CHUTHaJIa COCTAaBJIACT N BLI60pOK, a JJIMHa HMITYJIbCa

OTKJIMKa - M BbBIOOPOK, TO HeoOXoauMo 3a 3Toi Bpemsi mpousBectu M +N onepauuit
YMHOXEHUS U clokeHus. [Ipu UIMTenbHOCTH My3bIKaJbHOTO OTPHIBKA | MMH U AJIUTEIBHOCTH
UMIIYJIbCHOTO ~ OTKJIMKAa 3 CeKyHIbpl -  TpeOyercs 3a 3TO BpeMs BBINOJHUTH OKoso 350

TPWIJIMOHOB OIEpAalUi CIOXKEHHs U YMHOXeHHA. [loaTomMy mpsMoe BBIYMCIEHUE CBEPTKU B
peaibHOM BPEMEHU [0 BBIIIEIPUBEICHHOW (opMyne HEBO3MOXHO Ha COBPEMEHHBIX
MIEPCOHAIBHBIX KOMIIBIOTEpaX B CHJy CJMIIKOM BBICOKON BBIYMCIUTEIBHON CIIOKHOCTH.
OpHako BBIYUCIATH CBEPTKY MOXHO C MOMOIIBIO ObicTporo mpeobpazoBanusi Oypre, koTopoe
YMEHBIIIAET YUCIIO YMHOKEHUI Ha OTCUET.
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