Pe3ynbTaTtT MoAeNnMpoBaHUA OQHOIro us ycunurenem N.AKynmHuuesa.

3a OCHOBY B3sTa cxeMma ycunutens un3 Pagmo 1980-03, puc. 1
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Puc. 1

BblN0 NPpUHATO pewleHne 0TKa3aTbCs OT UCKYCCTBEHHOW CpeAHEeN TOUKU, NOAHATb HanpsiXXeHune
nutaHusa go +-(30...35) B, a 4ns noBbIWEHNS HAarpy304HOM CNOCOBHOCTM UCNOIb30BaTb CMApeHHbIE
BbIXOAHblE€ TPAH3UCTOPbI, pUC. 2. [Ang nogaepXxXaHus HyAs Ha BbIXOAE UCMO/b30BaH MHTErpaTop.
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X1 {Cc AMHEeRHOR XapakTepucTUKoi) c Harpy3koi 3 KO (A1) npeepawasTcd B NoOrapu@MUUYecKiin pEMYIATOR MROMKOCTI
X2 - ToK nokcA (CNTMMaNeHEIA TOK COHCro TpaH3vcTopa 110 +-20 MA)

Puc. 2

B BapuaHTe c natepanamm B KadeCTBe BbIXOAHbIX TPAH3UCTOPOB AOMNOJIHUTENIbHAA KOppeKums B Bunae
KoHaeHcaTopoB C5, C6 He HyXHa. BxoaHble eMKocTn camux INT mnrpatoT ponb Koppekunn. B BK Ha

BUNoNApHbIX TPAH3UCTOPAxX 3TU EMKOCTM CTaBSAT B HenocpeacTBeHHoM 6nnsoctn bK-nepexonos
TpaH3ncrtopos Q8, Q9.

Ownarpamma boge npmueBegeHa Ha puc. 3
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MommMo AYX n ®YX Ha rpaduk BbiBeaeH rpadmkk B3 urpatowlero BaXxkHyto posib B paboTe ycunutens
N OTBEYaloLWEero 3a BEKTOPHbIE UCKAXeHUs. HYeM NpoTsXeHHee ropm3oHTanbHbIM yyacTok B3 6e3
CyLWeCTBEHHbIX «Bbl6poCOB», TeM nydwe. 3HayeHne B3 Ha ropn3oHTasIbHOM y4yacTKe coBnagaeT C
BpeMEHEM 3a4ep>XXKM NPOXOXAeHUA CurHana v paBHO 53 Hc. Kak nokasbiBalOT pacyeTbl UTOObl BEKTOPHbIE
NCKaXXeHUS BblIN HUXKEe Mopora 3aMeTHOCTU BpeMS 3a4epPXXKN NPOXOXAEHUA CUrHana He AOJIXKHO
npesbiwaTb 80...100 Hc.

Ba>kHOM XapakTepuCTUKOW OTBeYatloWwen 3a YCTOMUYNBOCTb ycunutensa n rnybuHy OOC asnseTcs
XapaKkTepucTuKa neTneBoro ycuneHus, puc. 4
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N3 pucyHka 4 BWAHO 4YTO YacToTa nepBoro nositoca pasHa 40 kl'u. bnarogapa aTomy netnesoe
yCuneHmne BO BCen 3ByKOBOM NOSIOCE NOCTOSAHHO U paBHO 65 ab. YTo6bl HEe genaTb NNLWHME TeCTbl rpaduk
NeTNeBOro CHAT C peakTUBHOM HAarpy3Kou B Buae KOHAEHCaTopa eMKOCTbIo OT Hyns Ao 500 H® ¢ warom 100
HO. Kak noka3sbiBaeT npakTnka Hanmbonee KpUTUYHON peakTUBHOM Harpyskoun saensietcss eMkocTb 100 HO.

OanH n3 cnocoboB NpoOBEPKU BAUSHUSA UHAYKTUBHOCTU Ha paboTy ycnnutens ncnbiTaHne CUrHaaom
TMNa MeaHAap, puc. 5
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BxoaHon curHan npeasapuTtenbHoO nponyweH Yyepes ¢punbTp HY ¢ yactotom cpesa 320 klMy. U3
ocunaiorpaMMm BUAHO YTO Harpyska eMkocTbio 100 HO (KpacHas) He OKa3blBaEeT CYLLECTBEHHOrO B/INSAHUS
Ha BbIXOAHOE Hanpsi)XeHue.

[10 HeaaBHMX Nop npuagasanm 60nbLLIOE 3HAYEHME YPOBHIO HEJIMHENHbIX UCKaXeHUM. Haule Bcero

orpaHnymBanmcb namepeHmem Kr Ha yacrtote 1 kly He obpallasd BHMMaHUSA Ha CNeKTp rapMoHnkK. CHUMeM
Kr Ha yacTtoTte 20 k'L ¥ MOCMOTPUM CNekTp, puc. 6
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B ycunutensax c pasgenmtenbHbiM KOHAEHCAaTOPOM Ha BXOAE M C KOHAEHCATOPOM Ha obLuwmin
nocnegosaTenbHO € pe3nctopoM OC, a Takxe B 6onblWMHCTBE yeunutenen YT ¢ cucteMomn cepBOKOHTPOA
NPOMNCXOAAT NepexofHble NMpoLecChl MewaLwmne U3MepuTb HEJIMHENHbIE UCKAXeHMUs Ha NepBbiX Nepunoaax
HM3KOYaCTOTHbIX CUIrHaNoB. B Bepcmax MMKpokana HaunHasa ¢ 10-1n 4ononHUTEeNbHO BBeAeH pexunM Periodic
Steady State, KoTOpbIM aBTOMaTUYECKM onpenensieT KOHeL nepexoAHoro rnpouecca m noJsIHoe BbINOJSIHEHUE
ycnosun Aupuxne. Mbl Belb MOHMMaeM 4TO Ntobble nepexoaHble NCKaXKeHUs TakXXe HeraTMBHO CKa3blBATCS
Ha KayecTBe 3BYKa, M TO YTO NepexoaHOoN npouecc 3akoH4YuTca Ha 100-M nepmnoae n HaumHas Cc Hero 6yayT
Manble UCKaxXeHnsa n Ha 4vactoTe 20 'y nIn4yHO MeHsa Mano yTtewaet. Noatomy nposepuMm THD u Ha yacToTe
20 'y TOYHO TakXe Kak M Ha 4vactoTe 20 kl'y, T. €. Ha BTOpPOM nepuoae, puc. 7
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Kak BUAHO U3 pUC. 7 CUCTEMA CEPBOKOHTPONA HE BHOCUT MEPEXOAHbIX NMPOLIECCOB U CMEKTPbI
NCKaXeHUN 6narogaps NOCTOAHCTBY METNIEBOro YCUIEHNSA BO BCEM 3BYKOBOM AMana3oHe Kak 61M3HeLbI.

20.000m 40.000m 60.000m 80.000m 100.000m

a T (Secs)

r'50.000m .

40 000m . . + 3 4 3 * . .
! 30.000m

{ 20 000m

P 10.000m

0-000m 0.00omM 0_400mM 0_800m 1.200M 1.600M 2.000m

thd(harm{v(outy).freq) (%)

hPmc. 8



padunk 3aBncmMMocTn Kr oT yacToTbl NMOKasaH Ha puc. 9
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Puc. 9

N3 pucyHka 9 BnaHoO 4To Kr BO BCeM 3BYKOBOM Amana3oHe paBeH 0,003% npun HOMUHANbHOW

BbIXOAHOW MOLWHOCTU. 3aMeTHbIM pocT Kr HaunHaeTca Bbiwe 100 klMy. B nogasnsatowem 60NblLUNHCTBE
ycunmuTtenen nepebin Noalc peako Kkorga Bbiwe 1 kM, € HEro U Ha4YMHaeTCcs cnaj NeT/1IeBoro yCuneHus,
COOTBETCTBEHHO U pocT Kr (cM. npumepbl B KHUre Alyrnaca Cenda).

poJa

Buu ycunutenen knacca AB KOMMyTaLMOHHbIe UCKaXeHUs. OCHOBHOM CNocob UCKAYEHUS NoA06HOro
MCKa)>XeHMN NCNosib30BaHMe BbIXOAHOMO Kackaja B knacce A. TeM He MeHee yCunnTenu

N.AKkynuHu4yeBa 6narogaps BbICOKOMY 6bICTPOAEACTBUIO N LLUMPOKOMOSIOCHOCTM BbIIN Mano NoABEpPIKEHbI
3ToMy aAedekTy. NpoBepUM 3Ty BEPCUIO YCUINTENS HA KOMMYTaUMOHHbIE UCKaXeHus, puc. 10
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Ha Bxop ycunutens nogaertcs cMecb 2-x curHanos 100 Ny v 20 klMy B cooTHoweHnn 3:2. C NnoMOoLbIo

CNeLUnanbHOro peXeKTOpHOro duabTpa BbICOKOrO NopsiAka BbIAENATCSA NPOAYKTbl MCKaXKeHUN Bbilwe 20



KMu. TaknmMm 06pa3om BCce NPOAYKTbl MCKAXXEHWUI OKa3blBalOTCA Ha BbiXxoae punbTpa ocnabnieHHbiMU B 2
pa3a. [1ns BOCCTAaHOBNEHUSA UX YPOBHS MPU aHanM3e UCNofb30BaH MHOXUTENb 2. N3 pucyHKa BMAHO 4YTO
KOMMYTaLMOHHbIX UCKa)>XeHMN HET KakK TaKOBbIX.
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N3 pucyHka 11 snaHo uto MMW nepsoro nopsaaka (1 kly) coctasnsatoT Bcero 0,35 mB. LWyMoBas
noactaBska B nosioce Ao 100 kl'u HMYTOXHO Mana, Bcero 30 MKB.
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B aTOM TecTe Ha BXO4 yCUNMUTENd noAarT CUrHan yactotom 6 Klu, a Ha BbIX0o 4Yepe3 pe3nctop
conpoTtueneHnemMm 4 Oma n punbTp-npobky Ha 6 kly noaatoT cmrHan yactoton 50 My. CurHan vactoton 50
"y, uMmmnTMpyeT obpaTtHyto 3C, a NpOAYKTbl UCKAXXEHMN Ha BbIXOAe roBOPST O MOABEPXEHHOCTU yCUnmTens
BHELWHEMY BO34ENCTBUIO.

Ha cnepyowem pucyHke npeacrtaBneH pesynbTaT TecTa U3 ctaTtbh Xuparu «The Many faces of
distortion_Glass_Audio 2005 _05»

PUCYHOK 3: CpaBHUTEJIbHbIN CrEKTPAsIbHbINA aHasin3 yCUanTesien, nogBeprHyThiX BPEMEHHbBIM NUCKaXXEHUSIM
IIM B yc/noBusix Harpy3Kku, rnokasaHHbIX Ha puc. 2.

a. Kpnasi |: opurHasibHbIVi KOMMO3UTHbLIN CUrHaJ1 C ABYMSI KOMIIOHEHTaMu Ha dyacrtote 50 'y v 1 kl'y

6. KpuBasi 2: BbIXO4HON CUrHas yCUINTESIS, AEMOHCTPUPYOLUNA OYEHb XOPOLUNE XapaKTEPUCTUKN B 3TOM
Tecre,

C. KpuBasi 3: BbIXO4HOWN CUrHas yCUINTEIS C OTJIMYHbIMU pe3yJsibTaTtaMu K/1aCCUYECKOro Tecra Ha
rapmoHmndeckmne n IM-uckaxxeHusi (MeHee 0,008% ripu rnos10BMHHOM MOLHOCTU B 60JIbLUEN H4AaCTU 3BYKOBOIO
AnarnasoHa), Ho AEMOHCTPUPYIOLLNKN CUTbHYIO HECTabU/IbHOCTb B 3TOM TECTE, YTO MOXXET ObITb NMPUYNHOM
ero " HeobbsicHumoro "HeripusiTHoro 3Byka';

4. KpuBasi 4: BbIXOAHOU CUrHaJ1 TOro Xe yCuanTesis, 4To n Ha KpuBoun 3, HO C 6osie€ BbICOKOU MOLYHOCTbIO.
Mbi BUgumM, 4To ripupoga HectabusibHOCTEN yBE/INYNIIACh N U3MEHWN/IACh, MNPELACKa3blBasi HeCTabusibHoe
rnoBeAeHne Ha Apyrmnx ypoBHSAX MOLYHOCTU U YacToTax,

e. KpuBasi 5: namnoBbif ycuintesib ¢ HU3KoM 06paTHOM CBSI3bKO C BblAE/IEHHBIMU rapMOHUKaMu u
cybrapMoHuKamu AiByX TE€CTOBbIX CUIHAJ/I0B.

Mpu nccnegoBaHUsaX napaMeTpoB He NpuaatoT 0coboro 3HavYeHUs BbIXOAHOMY COMPOTUBIEHMUIO
ycunutens. Yaue Bcero orpaHMymBaloTca (popMasnbHbIM N3MepeHUEM AeMNuHr-akTopa He obpallas
BHMMaHNA HN Ha a3y BbIXOAHOMO COMNPOTUBIIEHUS HU HA UCKaXXeHUS POpPMbl BbIXOAHOIO COMPOTUBIEHUS.
Moaasnsatowee 6onbwMHCTBO Yyeunutenen ¢ OOC c nepBbIM NoatcoM Huxe 100 Ny umeroT casur dassl
NeT/1eBOro yCUNeHns, COOTBETCTBEHHO U BbIXOAHOIo conpotneneHnsa Ha 90 rpagycoB. A KakK M3BECTHO 3TO
BeAeT K aMNAnTyaHo-(a30BOM KOHBEPCUN B pe3yibTaTe KOTOPOW AMHAMUUYECKUM nana3oH Ha peasibHOM
My3blKaslbHOM cuUrHane cyxaetcsa Ha 20...30 gb.

NMpoBepuM BbIXOLHOE COMPOTUBIIEHNE YCUIUTENSA HA KpaWHMX YacToTax 3BYKOBOro gnanasoHa, puc. 13
n 14.
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Puc. 13 (pe3ynbTaT naMepeHus BbIXOAHONo CONpOTUBAEHMS Ha YacToTe 20 u)
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Puc. 14 (pesynbTaT naMepeHus BbIXOAHOro CONpoTuBaeHns Ha dactoTte 20 kly)

N3mepeHne NpoBeaeHOo noaaydeit curHana yposHem 20 B(nuk) yepes pesnctop conpoTtussieHneM 8 OM
Ha BbIX0A4 YCUIUTENS. BbixogHOE cOnNpOoTMBNEHNE BbIYMCAAOT No dopMyne:

Rout = RL*Vout/(Vin-Vout) = 8%0,01/(20 - 0,01) = 0,08/20 = 0,004 Om

Kak BuagHO U3 ocuuiorpaMM BblIXO4HOE COMPOTUB/IEHME B 3BYKOBOM AMana3oHe KOHCTaHTa, 6e3
d3a3osoro caBura no OoTHOWEHUK K BHEWWHEMY BO3AENCTBUIO N 6€3 BUANMbIX UCKaXXeHUN q)OprI.

KOMMYyTauUMOHHbIE NCKaXXEeHUSA TaKXXe He MPpOoSABAAKTCA Ha cpopMe BbIXOAHOI0 COMNPOTUBIIEHNA KaK 3TO
nponcxoanT B noaaBiAaroLLEM 6onbWMHCTBE YCMHMTEHGVI.



MPUHATO CYUMTaTb YTO A1 KaYeCTBEHHOro 3ByKOYCUNEHUA rnosioca NOSIHOWM MOLWHOCTU CBepXy AOJ/IKHA
nMeTb 10-Tn KpaTHbIN 3anac. [NMpoBepuM aMMINTYAHYO XapakTepucTuky Ha vactote 200 klu, puc. 15.
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Kak nokasan tecTt n Ha 4yactote 200 kly He BMAHO Npu3HakoB TIM-uUCKaxeHun, T. e. NMNoobpasHbIX
NCKaXXEHUWN CBSA3aHHbIX C HELOCTAaTOYHOW CKOPOCTbIO HapacCTaHMs BbIXOAHOIO Hanps>XeHus.

B TekcTe BbllWe YNOMUHANNCh BEKTOPHbIE MOrPeLHOCTN U UCKaXeHUs. YTobbl nMeTb NnpeacTaBiieHune
4YTO 3TO Takoe obpaTumcs K puc. 15u 16
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Puc. 15 (oanH nepuopg curHana 4yacrtotomn 20 ki)



Ha pucyHke 15 BbleaeHo 3 ocumanorpamMmMbl KOTOPblE NPaKTUYECKU CIMBAOTCSA B OAHY NIMHUIO. YTObObI
6onee nogpobHO paccMOTpeETb YUTO COO6OM NpPeaAcCTaBASAIT 3TU CUIHAbl YBE/IMYMM HadaslbHbIM y4acToOK, puC.
16
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tPD (Time Propagation Delay) — BpeMs 3a4ep>XXKn NMpoxXoXaeHna curHana. B gaHHOM cniyyae 3To BpeMs
coBnanaet c B3. B 3TOM HeTpyaHO ybeanTbCs ecnu pacTsaHyTb YY4acTOK rnepexoaa Yyepes HOJb Ha puc. 15.

HekoTopble aBTOpbI NpuaatoT 6onblloe 3HaYeHne nepsomy BaTtty. Mon, ecnn Ha nepBoM BaTtTe
napaMenpbl MNJIOXU, TO Aafiblle MOXHO YyXe U He cMOoTpeTb. Ha puc. 17 nokasaH cnekp curHana yactotou 20
KI'u ypoBHeM 4 B(nuk).
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