N3mepenne HCKaKeHU B YCUITHTEIAX

BCTyl'[J'leI-[I/Ie (BMeCTO noaABECACHUSA I/ITOFOB)

N3BecTHO 4TO B MPOAYKTaX UCKAKEHUH CUHYCOUAAIBHOTO CUTHAIA B YCUIIUTEISIX BO3HUKAIOT
MPEUMYIIECTBEHHO TApMOHUYECKHE COCTABISIONINE KpaTHbIe OCHOBHOM yactote nf, rnen=1,2, 3, ....
00, DTH MPOTYKTHI NCKAXKEHU MOKHO BBIJICIIUTH B YCTAHOBHBIIIEMCSI PEKUME C TIOMOIIIBIO
CIIEKTPOAHAIN3aTOPOB, a TAKKE B CyMMAapHOM BUJE ¢ oMoIIbio nu3mepureneit THD.

N3mepsia THD ¢ nomoibio CHHYCOUIAJIBHBIX CUTHAJIOB Mbl MOXKEM U3MEPUTH TOJIBKO TO YTO
yCUIIUTENb 100aBUJI, HO HE MOXKEM U3MEPHUTH TO YTO OH moTepsul. Ha camom ene kyna BaxHee
notepssHHas nHGopManus! A 11 €€ H3MEPEHUST HY>KHBI COBCEM JPYTHUE METO/IbI TECTUPOBAHMUS.

JIro6o¥ ycunutens (KpoMe UAeanbHOr0) UMEET OTPAaHUYCHHYIO TI0JI0CY MPOMYCKAaHUs CBEPXY YTO
HAKJIaJIbIBACT TOMUMO HEJTMHEHHBIX NCKAKEHUN JOTIOTHUTEIbHBIC TMHEHHBIC HCKAKCHUS: CABUT 110 (hase,
M3MEHEHHUE aMIUIUTY/Ibl CUTHAJIA.

Ecnu ycumuTensb ¢ 3aKphITHIM BXOJOM (YCHIIUTEIh HE TTIOCTOSSHHOTO TOKa), TO IOMHUMO JIMHEHHBIX
Y HEJIMHEHHBIX UCKAKEHUN B MPOJIYKTAX UCKAXKEHUN BO3HUKAIOT NIEPEXOAHBIE HCKAXKEHUSI KOTOPBIE YacTO
MyTaIOT C JIMHCHHBIMHA UCKAKCHHUSIMHU.

B ycunutensx nocTostHHOro TOKa 4acTO BBIHYK/IEHBI IPUMEHSITh CUCTEMY CEPBOKOHTPOJIS
KOTOpasi pH HETPABWJILHON pPeaiM3allii TaK)Ke MOXKET BHOCHTH JIOMOJIHUTEIIBHBIE TICPEXOTHBIC
WCKaXCHUS U HETMHEWHbIe HCKaXkeHUs B oOnactu HY.

Jlns obecrieuenus 3amacoB YCTOMYMBOCTH 110 (a3e U MO0 YCUIICHUIO 4acTo TpeOyeTcs NpUMEHEHNE
WHAYKTUBHOCTH Ha BBIXOJIE yCUIHUTeNs. Hann4une HHIyKTUBHOCTU TAK)KE MOXKET ObITh PUUMHON
JIOTIOTHUTEIHHBIX UCKAKEHUI BHOCUMBIX YCUIIUTEIISIMU TIPH pab0Te HA peabHYI0 PEAaKTUBHYIO HArPY3KYy.

B psine onepaninoHHBIX yCHIIUTENEH B pa3ziesie CKOPOCTHBIX apaMeTpoB T00aBIEH TaKOi
napametp kak tPD (time Propagation Delay). Ha ropuzonranshbix yuactkax ['B3 (Group Delay) tPD =
GD. Pa3paboTunku KOTOpbIE MOHUMAIOT 3HAYEHHE ITOTO MapaMeTpa CTalli YKa3bIBaTh €ro 3HAYCHHE B
crienudukanusax. B BEICOKOKaYECTBEHHBIX YCUITUTENSAX ATOT IMapameTp peako npepbimaeT 100 HC 1 umeet
MOCTOSIHHOE 3HaueHue kak MuHUMyM 110 300 x['11.

[Tocrostaras Bpemenu RC-1ienu ¢ TakuM 3HaY€HWEM COOTBETCTBYET 4acToTe cpe3a 1,6 MIm. S
HEOJTHOKPATHO BCTPeYas BOCTOPKEHHBIE OT3bIBBI O pa0OTe YCUIIUTENEH MOCTOSHHOTO TOKA C MOJIOCOM
npomyckanus 1...2,2 MI'n.

B pa6ote [33] Henbcon Ilace mumier cienyroiee:

«C 0THOM CTOPOHBI, TIO3UIUSI COCTOUT B TOM, UYTO «0OpaTHAas CBA3h JCNAeT yCHINTEIN
coBepiIieHHbIMUY. C Ipyroil CTOpOHBI, «0OpaTHAsI CBSI3b — 3TO TPO3HBIN CYKKYO, KOTOPBII BHICACHIBACT
JKU3HBb U3 MY3bIKH, OCTaBJISIS 3aCOXIIYIO MIETYyXY, JIUIICHHYIO Ty,

OOpatHast cBsI3b — OYEHb OOLIMPHAS TEMA, U S OTPAHIUYYCh HEKOTOPBIMU MPOCTHIMU
KOMMEHTApHUsIMHU K YI€OHUKY U 0OCYKICHHEM SIBJICHUH, CBI3aHHBIX CO CJI0KHOCTHIO HCKAKCHHUI,
CO3/1aBaeMbIX KacKaJaMu HEIMHEHHOTO yCUIICHUS, OTPULIATEIbHOI 00paTHOW CBSA3BIO M 3BYKOBBIM
CUTHAJIOM. B3sIThI€ 10 OTIEIBFHOCTH, 3TH SABJICHUS KOKYTCS IOCTATOYHO MPOCTHIMH, HO KOT/Ia OHU
B3aUMOJICHCTBYIOT, OHHM CO3/Ial0T UCKaKEHU I, HEIPONIOPLIUOHAIBHBIE TOMY, YTO BBl OKUIAETE OT
cnenuguKanui, NPUBEACHHBIX B OpOIIIOpax O MPOAYKTaX.»

B unrepssbio [29] nerenaapHbIil pa3paboTuuk ayuo MPoayKTOB 6€3 MPUMEHEHHS OTPHUIIATEIbHON
obpatHoii cBs3u Yapres XaHceH Oymaydu My3bIKAaHTOM U (DH3UKOM 110 00pa30BaHUIO TOBOPUT CIIEAYIOIIEE:

«Hacrosias mpo6rema 3aKIrouaeTcsi B TOM, YTO MOYTH HET U3MEPHUMBIX IMapaMeTpOB, KOTOPHIE
KOPPETUPYIOT C BOCIIPUHUMAEMBIM KaueCTBOM 3BYKa.

Yx0/M03T Topasno Oonee 4yBCTBUTENEH K MH(OPMAIIUH, CBSI3aHHOU CO BPEMEHEM, YeM K JIF0O0MY

JIpyroMmy mapamerpy.

B anasoroBbIx cxemax KOHTYpbl 0OpaTHOM CBSI3U MPUHUMAIOT 3a/Iep>KaHHbII 110 BpEMEHU CUTHAJI
C BBIXO/Ia U OTIIPABIISAIOT €r0 0OPaTHO Ha BXO/, MBITASICh UCIPABUTH YXKE BOSHUKIIIYIO OIIHUOKY. DTO
co3aaet (hopMy BPEMEHHOTO UCKAKEHHUS, KOTOPOE B HACTOSIIEE BPEMsI HEBO3MOXKHO U3MEPHUTh, HO
KOTOpPOE OTYETIIMBO CIIBIIIHO. MaTemaruka (1 TeCToBO€ 000py0BaHKE) TOBOPUT HaM, UTO KOPPEKLIUs
HIPOMCXOIUT JOCTATOUHO OBICTPO, HO HAIIM YIIH FOBOPSAT HaM COBCEM JIPYTO€.)»

JeiicTBUTENBHO, ISl IEPUOAMYECKUX CUHYCOUIAJIbHBIX CUTHAJIOB CyMMHUPOBAHHUE CABUHYTHIX IO
¢aze cUrHanoB JaeT CUHYCOUJAIbHBINA CUTHAJI TOUHO TaKOH k€ ()OPMBbI, HO MHOW aMILTUTYAbI.
W3menenue ¢pa3zoBoro caBUra MeHseT aMILTUTYly curHana, He Tporas ero gopmy. Ho sto Tak TOJIBKO



AJid CMHYCOUAAJIBHBIX CUTHAJIOB.

Jl1s HecTallMOHAPHBIX CUTHAJIOB CI0KHON (hOPMBI KAKUMHU SIBIISIOTCSI MY3bIKaJIbHBIE CUTHAJBI 3TO
HE BBITIOJIHACTCS, [T CIIOKHOTO CUTHaJIa (3TO Kak M IS MEPBOro nepuoaa Oypcra mepruoandecKoro
CUTHAJIa) HET «XBOCTHKA» MPEbIAYILEero nepruoa Ajis koppekiuu nepsoro. [Tpuexanu!

[IpoTHB H3MepeHus UCKaKeHUH TepBoro nepuoaa oypcra (tak HasbiBaeMbix FCD - "first cycle
distortion" [34]) Ha popyMax BBICTYIAIOT «TEOPETUKN» KOTOPBIE TBEPAT O KAKUX TO KOCMUYECKUX
CKOPOCTSIX HapacTaHus B Hayaye Oypcra. [ pam MpitHapn monbs3oBanics 9-i Bepcueil MUKpoKara st
KOCBEHHOM OIIEHKHU KOPPEISALMHU CIEKTpa MOJIENIM YCUIIUTENS ¢ KauecTBOM 3BYyKa. [Ipumep puc. A u puc. B
KaK pa3 U NpeJHa3HaueH MPOoJAEMOHCTPUPOBATh HCKAXECHUS Hadaia OypcTa u3-3a OTCYTCTBUS «XBOCTHUKA»

MPEABIAYIIEro Meproa.
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Fig. A

OFAS551&Lsteral_20kHz-burst CIR.
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Ha pucynke A nokaszaHo Tpu cUTHaja: cUrHai reHeparopa npomnyiieHHbii uepes ®HY 100 k' u
HOPMAJIM30BaHHBIN K YPOBHIO BBIXOHOTO (CHHSS1), HOPMAJIM30BaHHBINA CUTHAJI HA BXO/I€ YCHIINTEIIS
(uepHast) 1 BBIXOAHOM curHai (kpacHasi). B ycranoBusieMcs pexxume cursaai tPD u BeixonHO# curnan
CJIMBAIOTCSI, HO HAa HA4aJIbHOM YYaCTKE BBIXOIHOM CUIHaJI HE Cpa3y MOATATUBAaETCs K curHaiy tPD.
[TprunHa Takoro NOBEACHUSI B TOM, YTO JJIsl KOPPEKTHOTO YCUJIEHHUS Hayaia CUrHajla HET TOro0 CaMoro

«XBOCTHKa» NPCABIAYIICTO KaCKa/a, puc. B.
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Fig. B

OFAS551&Lsteral_20kHz-burst CIR.
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Henocraromuii «<XBOCTHK» BBIJICIIEH CHHUM LIBETOM U OJIarofiapsi STOMy «XBOCTHKY» OT TIEPBOTO
nepHroia BTOPO MEpHOJ yKe He UMEET ITHX UCKakeHUd. Hazeroch MOHATHO YTO ueM MeHbIe OyeT
3a/iepkKKa MPOXOXKICHUS CUTHAJIA, TEM MEHbIIIE OylIeT STOT BUI UCKAKEHHUI KaK 0 aMIUTUTY/E, TaK U IO
MPOAOJKUTENBHOCTH.

Bornee Toro, orpuniarenbHas oOpaTHast CBA3b IUIOX0 pabdOTaeT ¢ MIyMONOI00HBIMU CUTHAJIAMH, a
BEJb CITYX YeJIOBeKa 00JagaeT jorapuMuieckoi 3aBUCUMOCTHIO (3akoH Bebepa-DexHepa) u oueHb
YyBCTBUTEJICH K MUKPOYPOBHEBOI MH(POPMAIINH 3BYKOBOTO CUTHAJIa Ha YPOBHE IIIYMOB.

[TonmpoGyeM pa300paThCsi ¢ MOMOIIBIO MPOCTEUIIIEH aprU(PMETHKH TAK JIM HEYJIOBUMBI BPEMEHHBIC
HCKAKEHHUS 0 KOTOPBIX yrnoMuHaeT Yapie3 XaHCeH.

[IpencraBum cebe 9TO MBI IMEEM HJICATbHBIN YCHIIUTETh (HO COMHEBAEMCS B 3TOM) U YTOOBI
yOeauThCS B OTCYTCTBUU BHOCHMBIX HCKKEHUI MPOBEIEM U3MEPEHHE BEKTOPHBIX MOTpeIHoCTel. s
ATOTO JJOCTATOYHO BOCIONb30BaThcs MeTtogoM SWDT Xadmepa [13] u cpaBHUTH BBIXOIHBIE CUTHAITBI
Mexay coboi, puc. C.
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Fig. C. CtpykTypHas cxema n3mMepeHust BeKTopHbIX nckaxenuit (SWDT) mo Xaduepy

Kak BuauMm pazHuna Mexy BHIXOJHBIMU CUTHAJIAMH paBHA HYIIO, YTO COOTBETCTBYET OTCYTCTBUIO
KaKHX JJM0O0 BHOCUMBIX UCKa)KEHUH.
A Temepb mojaauM curHai B Buzae Oypcros, puc. D
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Fig. D. [Ipumep npruMeHeHUs! TECTOBBIX CUTHAJIOB B BUI€ OypcTOB



Kak mokasasn TecT u ¢ TaKuM CJIOKHBIM CUTHAJIOM Ha BBIXOJIE TECTUPYEMOTO YCUIIUTEINS HET
HUKAKUX JIOMOJIHUTEIBHBIX CIIEKTPAJIbHBIX COCTABIISIIONIUX KOTOPBIMH MYTAIOT B PSAE HAYYHBIX
nyonukanuid. OnHako He 3a0bIBAEM YTO MBI UMEEM JIEJIO C UA€ATbHBIM YCHIIUTENIEM BXOAHAS EMKOCTb
KOTOPOTO paBHa HYIIO, 3aJIepXKKa MPOXoxkAeHus curaaia (time Propagation Delay) Takxke paBHa HyIIIO.
D710 TO, 4TO TpeOyeTcs aiis Oe3ynpeyHoi paboThl yeunuTens o yeM u roBopmi Kupumn Xammep [20].

Teneps nepeiiieMm OT UACATBHOTO YCHIIUTENS K OJOK-CXeMe PeabHOTO YCHIIUTENST MMEIOIIETO
3aJIepP’KKY MPOXOKIEHUS CUTHAja 1 MKC M BHOCSIILIErO HUUTOXHO MaJjible HeJIMHEHHbIE NCKAXKEHUSI B BUJIE
3-ii rapMOoHUKH ypoBHEM 3 MKB, puc. E.
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Fig. E. CtpykTypHas 6J0K-cXeMa YCHIUTENS Ha UIeaIbHBIX KOMIIOHEHTAX

Ha pucynke C noka3aHa cTpyKTypHasi CXeMa YCUJIMTENS COCTOSIIAs U3 TPEX KOMIIOHEHTOB:
uneanbHoro ycusurtens X1 ¢ Ky = 30, uaeanbHol TUHUM 3aJIepKKU X2 HA | MKC UMUTHPYIOIIEH BpeMsi
3a/Iep>KKH MPOXOXKJIEHUS CUTHaa B ycuiutene u reneparopa V2 (15 k', 3 MxB) umutupyromero
BHOCHMBIE YCUIINTEIEM UCKAKEHHUS.

[Tomanum Ha BXoa ycunuTensi curHai yactoroit 5 k' u ypoaem 1 B(muk). B atom ciiyuae
cUTHaJ reHeparopa V2 OyIeT TpeThei rapMOHHUKOM.

[IpoBenem u3zmepenne BekTopHbIX norpemHocteld (SWDT) u Bcex BUIOB HCKaKEHUM
CMOJIETTMPOBAHHOTO YCUJIMTENSI KOMIIEHCAIMOHHBIM METOIOM.

Ha niepBrlii Tpad ik BEIBEIEM BBIXOTHOE HANPSDKEHUE ¥ HOPMAaJTM30BAHHBIC BXOJTHOW CUTHAI U
BXOJIHOI CUTHAJI 3a/Iep:KaHHbIM Ha BpeMs MPOXOXK/IEHUS ero B ycuiuTene (T. €. Ha Bpems tPD).
Hopmanuzanus curunanoB 3akitoyaeTcsi B yMHoxxeHuu ux Ha Ky, T. e. Ha 30.

Tak xak 3aJiep>KKka BEIXOJJHOTO CUTHAJIa U €r0 «UCKaKeHUs» (3-1 rapMenyronieeOHnKa) HUUTOXKHO
MaJibl IO CPAaBHEHMIO € NeproaoM curHaia 200 MKC ¥ ero aMIUIUTYI0M TO BCE TPU CUTHAJa CIMBAIOTCS B
OJIHY JIMHHIO (BEPXHUU KpaCHBIN Tpaduk).

BTopoii rpaduk nmoixyyeH BHIYUTAHUEM BBIXOJIHOTO HANPSHKEHUS U3 HOPMATU30BAHHOTO BXOIHOTO
W TIPEJICTaBIIIET c000M BekTOpHYIO TorpertHocTs (SWDT) mo Xadepy.

Jist 6onee TOYHOTO U3MEPEHHUSI BHOCUMBIX YCHIINTENIEM HCKKEHUH HEOOXOMMO BBIYECTD
BBIXOJTHOW CUTHAJ M3 HOpMalln3oBaHHOTO curHana tPD, uro u mpencrasieno Ha TpeTheM rpaduke. Kax
BUJIUM PE3YJbTAT BBIYUTAHUA J1aJ]1 HaM 3-10 TAPMOHUKY B UHCTOM BHUJIE: IO CYTH TOT >K€ CUTHAJ 4TO U V2.

Tak kak B Mmozienu B kauecTBe ycunurens ¢ Ky = 30 npuMeHeH naeanbHblil yCUIUTENb UMEIOIINN
poBHyr0 AUX 1 @YX 1 TakuMm 00pa3oM He BHOCSIINHN JIMHEHHBIX HCKAKEHUH, TO B MTPOAYKTaX
MCKaXCHUI MbI UX U HE OOHAPYKHIIH.

Yro KacaeTcs JIMHUM 3aJCPKKU IPU TECTUPOBAHUU MOJIEIIEN pealIbHBIX ycunuTeneit To hrops
["armonoB mutieT crneayromiee [35]: «...B 11enu "omopHOro (T.€. BXOJHOTO) CUTHajA" TOMKHA OBITH TOJIBKO
UJIEAJIbBHAS nunus 3anepxku u UJIEAJIBHBIN cymmarop (Mukurep). [ToToMy, 4TO BCE OCTANBHOE -
uckaxenus. [IpuOmkeHHBINH K TAKUM YCIIOBUSAM IKCIIEPUMEHT C KOMIIEHCAllMEH CTaBUII C TOBApHILEM



Martu Otana [36]». C 3TuM TpynHO He comiacutbes, Tak Kak ['B3 nunum 3anepxku Ha RC-anemenTtax He
HE TIOCTOSIHHO. MBI jk€ IPUHUMAaeM BXOJIHOM CHUTHAJI 32 ATAJIOH, a 3HAYUT U €T0 3a/ieprKKa JUIs
KOMITEHCAITUH TaKXe JJOJDKHA OBITh UAealbHON. BMecTo nieanbHOro cyMMaTopa B CUMYSTOPE YA00HO
MOJIb30BAThCsI MpOCTEHIeH apruMEeTHIECKOM orepaluel BEIYUTaHUSI.

PaccmotpuM napy npuMepoB Ha MOJEINSIX PealbHbIX YCHIIUTENEH B OTHOM U3 KOTOPBIX
MPOSIBIISIIOTCS U IMHEIHbIE NcKakeHus. [IpoBeaem n3MepeHne nckakeHU KOMIIEHCAIIMOHHBIM METOZIOM
Ha Bbixoze Monenu ycunutenst BC-1 [30] curaana cocTosIero u3 nocieaoBareIbHoCTel OypcToB
yactoToi 10 kI'11 pa3Hoil aMmutyael, puc. F.
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Fig. F. Pesynprar Tecta mogenu ycunuresst BC-1 ¢ nomompto 6ypctoB 10 kIl pa3HO# aMIUIUTY b1
(6e3 paspeiBa (assr).

Ha nepBblii rpaduk Kak U B MPeIbIIYILIEM CIydae BHIBEACHO TPU CUTHAJIA: BBIXOAHON CUTHAI U
HOPMAaJIM30BaHHbIE BXOAHOM U curHai tPD.

Ha Bropom rpaduke (cunsst) npuseneH rpagpuk BeKTopHbix norpemnocteit (SWDT) ammuryna
KOTOpbIX paBHa 1,5 B uTo HUKak He ykianeiBaeTcs B HopMmy (-60 1b) mo Xaduepy[13].

Ha tpetbeM u ueTBepTOM rpadukax MmpeacTaBieH pe3yinbraT U3MEPEHUs UCKaKEHUN
KOMIIEHCAllMOHHBIM MeTO/IoM. Ha TpeTbeM rpaduke Mbl BUIUM CKOPOCTHBIE HCKAKEHUSI BOSHUKAIOIIHE
BCSAKHM pa3 nmpy BHE3AITHOM MOSBICHUU (MCUE3HOBEHUH) HAIPSDKEHNUS, a TAK)KE IIPU U3MEHEHUU
aMIUIMTYAbl CUTHAJA. AMIUIUTYAA U IPOJOKUTENBHOCTD BCIUIECKOB HE UTO MHOE KaK IOTEPs! MOJIE3HOU
uHpopmaruu! [IprueM OTHOCUTENIBHBIE TIOTEPU MOTYT OBITH TOPa3/10 OOJBIIEH BETUYUHBI JIJISI MAJIBIX
CUTHAJIOB, HAIPUMED ISl BBICIIMX FTAPMOHUK MY3bIKaJIbHBIX HHCTPYMEHTOB KOTOpPBIE MOTYT OBITh IPOCTO
«CMa3aHbl» WM CMELIEHBI IO (pa3e B IpYyryro 00JacTh B pe3ysbTaTe aMILTUTYIHO-(a30BOi KOHBEPCHUH.

Ha ueTtBepToM rpaduke npoayKThl HCKaKEHHUH MOKa3aHbl B pacTAHYTOM MaciiTale. Tak kak
YCUJINTENb UMEET CPAaBHUTEIBHO OONBIIYIO 3aJepKKy NpoxokaeHus curnaia (tPD = 215 uc), To
oOpaTHast CBSA3b IIOXO CIPABIISETCS ¢ KOMMYTAIIMOHHBIMU UCKaKCHUSMHU.

[TpoBenem aHanoru4HbIN TECT MOJENH ycuutens [31] y KoToporo BpeMs 3aJ1ep>KKH
IPOXOXKJCHUS CUTHANA Ha Nopsaok MeHbIue (tPD = 24 uc), puc. G.
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Fig. G. Pesynbrar Tecta monenu ycunurens [31] ¢ momorpio 6yperoB 10 k' pa3Hoit aMIumuTy bl
(6e3 paspsiBa (assr).

I'padukn oTpakaromye MpoOayKThl HCKAXKEHUH (TPETUI U YETBEPTHIN) IPUBEICHBI B TAKOM K€
MacIITade KaK ¥ B TECTE MPEIbIAYIIero yCuauTelns. TOKH MOKOsl BEIXOJHBIX TPAH3UCTOPOB B 000UX
MOJIETISIX OJJMHAKOBBIC, TPUMEPHO OJIMHAKOBBIE U BBIXOJHBIE KacKabl (B 00onx Momensix OPS - “Tpoiika
Japnuurronay), Ho Onaronaps Majoil 3a/iep>Kke 0OpaTHOM CBA3M BTOPOM YCUIIUTENb JTyYIlle CIIPaBIIsSETCS
C KOMMYTallMOHHBIMU U APYTUMH BUAaMHU UckaxeHuil. [loreps monesHo nupopmanuu ceeneHa
MPaKTUYECKH K HYIIO.

JonomauTenpHO mpoBeaeM TecT yeunutens BC-1 Oypctamu uMeEIomuMu pa3Hble YacTOThI, PUC.
H.
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Fig. H. Pesynbrar Tecta moznenu ycunurens BC-1 ¢ momomsio 6ypctoB 10 u 20 kIt pazHoii
amMIuuTyabl (0e3 paspsiBa (asbl).

TecToBBIN CUTHAN MPEACTABISAET COOO0H CIETYIONTUE APYT 3a IpyroM OypcTsl yactoroit 20, 10 u 20



k['1. Ha Tpetbem u yeTBepTOM rpadukax npeacTaBICHbl MPOAYKTHl HCKaxeHui. HecMoTps Ha TO 4TO
niepBbIil Oypet yactorort 20 KI'11 BHE3amHO 0OpBIBAETCS M BHE3AITHO HAYMHAETCS BTOPO OypCT 4acTOTOM
10 xI'1 Ha X cThIKE HE BO3ZHUKAET CKOPOCTHBIX NCKaXEHUN. TOYHO TakyKe HE BOBHUKAET CKOPOCTHBIX
UCKa)KEHUH Ha CTBhIKE BTOPOTO U TpeThero Oypcra. CKOPOCTHBIE MCKAXKEHUSI BO3HUKAIOT TOJIBKO B Hayase
HepBOro OypcTa U B KOHIIE TPETHETO.

Taxk kak xoapduruent ycunenus nmogoopan aist yactotsl 10 k1, a Ha gactote 20 k['11 uMeeTcs
3aBan AUX no otHomeHuro K yactore 10 k', TO 11 EPBOTo U TPETHETO OypCTa TECT JOMOTHUTEIHHO
BBIJICJINJI IMHEHHBIE UCKAKEHHS (BBIJCIICHBI PO30BBIM LIBETOM).

IIpoBenem aHaJOrMYHBINA TECT BTOPOTO YCHIUTENS, pUc. L.
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Fig. I. Pe3ynbrar Tecta monenu ycunurens [31] ¢ momompio 6ypctoB 10 u 20 kI'11 pasHoi
amruTys! (0e3 paspeiBa ¢assl).

31ech Kak U B MPEAbIAYILEM TECTE 3TOM MOJEIN HUUTOKHO MaJjibl BCE BU/Ibl UCKAKEHUHN (HET HU
CKOPOCTHBIX HH JIMHEHHBIX UCKAKCHHM ).

Ilpumeuanue.

Komnencayuonnwiii memoo uzmepeHnus uCKax3ceHuil YeiecooopasHo npuMeHsams Ha dmane
npoexmuposanus ycunumens. He menee ycnewino moxicHo ucnonwb3oeams 3mom memoo u 071 OYeHKU
pamee paspabomanno2o ycuiumers 6e3 npuMeHeHUss Memoo08 KOMNbIOMEPHO20 MOOETUPOBAHUSL.

[Ipu usmepenuu uckasxicenui KOMNEHCaAYUOHHLIM MEMOOOM BAHNCHO MOYHO USMEPUMb KAK 8PeMs
3A0epIACKU NPOXONHCOCHUSL CUSHAIA HA MeCuUpyeMoll yacmome, max u koagpuyuenm ycunenus. Om
91M020 04YeHb CUTLHO 3A8UCUN NOZPEUIHOCHIL USMEPEHUS.

Jlns Gornee HaISAHOTO MPEACTABIEHUS O MOTEPSX MOJIE3HOT0 CUTHAA MPOBEJEM /IBa TECTA
ycuiutens [32] B KOTOPOM BpeMs 3aJ€pKKU cocTaBisAeT 1,25 MKC. YCUIIUTEND BBIIOJIHEH IO TUIIOBOM
cxeme [[yrmaca Cenda c 3ameHoi «aBoiikm» BJT moneBsiMu TpaH3ucTopamu. B oTinume ot TUIOBOM
cXeMbl 100aBjIeHa 00paTHas CBS3b M0 TOKY BBIXOAA JJISl PETYIUPOBKU BBIXOJHOTO CONPOTUBIICHUSI.

Jnst Hawana uzamMepum norepu curdana yacroroit 10 kI'm, puc. J
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Fig. J. Ilotepu curnana B Hauasie OypcTa

B kagecTBe TecToBOTO CHMTHANA IpUMeHeH curHai yactotor 10 k[ B Bume OypcTos
npomymieHHbIX yepe3 @HY 100 kI, HauansHbIi yyacTok OypcTa 1Moka3aH B pacTSIHYTOM BHUC HA
KOTOPOM PO30BBIM LIBETOM BBIACJIEHBI IOTEPH MOJIE3HOTO CUTHaIa. AMIUIUTYAA oTephb gocturaet 500

MB, a UX IPOAOKUTCIBHOCTb COCTABIACT HECKOJIBKO MKC.

IIpoBenem aHaJIOrMYHBIN TECT HA TPEYTOJIBHOM cUrHaie, puc. K
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Fig. K. TTotepu curnana Ha BepIIMHAX TPEYTOIBHOTO CUTHAIA (HAa TOBOPOTAX HAMIPSKEHHUS).

Ha BepxneM rpaduke mokasaHbl Bce TPU CHTHAJIA: BBIXOJHON CHTHAJ (KpacHast) 1
HOpMaJIM30BaHHbIE BXOAHOM curHai u cursai tPD. BusyansHo Bce Tpu curHana npakTu4ecku
cimBatotTcs. Ha BropoM rpaduike rmokasana BEpIIMHA CUTHAIA B PACTSIHYTOM BHJIE TJI€ BHIHBI BCE TPU
curHaina. Po3oBeIM LIBETOM BbIA€IIEHA IUIOIIAAb IOTEPh KOTOpas o aMIuutyae nocturaer 500 MB, a o
JUIMTEIBHOCTU cocTaBiisgeT okosio 10 mxc. Ha TpeTbeM rpaduke nokasaH pe3yabTaT BIYUTAHUS
BBIXOJJHOTO HaNpsDKEHUSI U3 3a1€PKAHHOTO BXOJHOTO. 311€Ch MBI TAKXKE BUIUM IIOTEPH MOJIE3HOTO
CUTHaJIa Ha Ka)KJJOM [TOBOPOTE BBIXOAHOTO HamnpsibkeHus. Yto takoe 500 MB npu aMIuinTye BbIXOIHOTO
HanpspkeHust 30 B? Oto Hu MHOTO He Mano a 6onee ueM 1,5 % norepu undopmaruu. [Ipuyem >u norepu
HUKaK HE CBSI3aHbI C aMIUIUTYIOU mojie3Horo curxana. To ecteb Te sxe 500 MB MoryT ObITh OTEPAHBI U



IpY aMIUTUTYE CUTHAJIA BCEr0 HECKOJIBbKO BoJibT, a 310 yxe Oynet He 1,5 %, a 1ecATKH MpOLIEHTOB
OTKJIOHEHHSI BBIXOJHOTO HAMPSKEHUS OT 0XKUIAAEMOTO.

Eme pa3 HanmoMHIo 4T0 Mo00HOTO pojia MOTEPH MOJIE3HOTO CUTHAJIA HE BBISABIISIOTCS HUKAKUMHU
JPYTUMH BUJJaMH TECTUPOBAHUSA KPOME KOMIIEHCALIMOHHOTO METO/1a.

B mporniecce paboThl Bce YCHIIMTETN BHOCSIT Pa3IMuHOTO poja UCKaXkeHHs. Pa3nuyaroT nuHeiHbIe
UCKa)KeHHsI (M3MEHEHNE aMIUTUTY/IbI CUTHAJIOB U MX (a3bl 6€3 100aBIeHUs TapMOHUYECKIX
COCTABJIAIOIINX, YTO OOBIYHO UMEET MECTO N0 OKOHYAHHH MEPEXOAHBIX MPOLIECCOB, T. €. B
YCTAaHOBHBIIIEMCS PEKUME) U HEJIMHEWHBIC HCKAKEHUS BBI3BAaHHBIC HEUICATbHOCTHIO KaK AKTUBHBIX, TaK
Y TIACCUBHBIX 3J1eMEHTOB. M XOTs TUHEHbIe NCKaKeHUs (IeTEPMUHUPOBAHHBIE HCKaKEHHS,
00yCIIOBIIEHHBIE OTPAHUYCHHUEM TIOJIOCHl YaCTOT M HEPaBHOMEPHOCTHIO aMIUIMTYIHO-4YaCTOTHON
XapaKTEePUCTUKH) HE 3aBUCAT OT YPOBHS CUTHAJA U HE T00aBIAIOT HOBBIX CIIEKTPAIbHBIX COCTABIISIONINX
OHM U3MEHSIOT aMIUIUTYAHbIE U (pa30Bbl€ COOTHOLIEHUS (M3-3a HEOJMHAKOBOM CKOPOCTH
pacipoCTpaHEHUsl CHEKTPAIBHBIX COCTABJISIONINX) MEXKIY OTEIbHBIMU COCTABISIONUMH CUTHAA U
TEM CaMbIM UCKa)KalOT BPEMEHHYIO CTPYKTYPY, T. €. BHOCAT HCKaXCHHUSI BO BPEMEHHOW 00JIACTH U TEM
CaMbIM U3MEHSIOT (pOopMy CUTHaja BIUsS HA TEMOp 3BYKa.

Koaddunment nenmuelnbix uckaxenuii Briepsoie n3mepmt K. Kupfmuller [1] u Ha3zBam ux
knupdakropoM (ko3 durineHt apedezxanns). K Hagamy 50-x ro10B mponuioro Beka ObLI0 MPEIIoKEeHO
yxke 0osnee 20-TH pa3IMYHBIX METOJOB U3MEPEHUS UCKAKEHUH.

Bce 3Ti MeTo/1pI 110 CBOMCTBAM HCTIBITATEILHOTO CUTHANIA U [0 MEPE POCTa UX KOPPETISIUH C
cyopexTHBHBIME orleHkaMu kadecTtBa (COK) B.PakoBckwii pa30mit Ha MATh OCHOBHBIX Ipymi [2]:

1) MeTox oiHOTO TOHA (METO/ U3MEPEHHS] CYMMApPHOTO KO3 PHUIIMEHTa TApMOHUUECKUX UCKAKEHUNH —
THD (Total Harmonic Distortion));

2) MeTO/IBI ABYX TOHOB (MHTEPMOAYJISAIIMOHHBIE UCKaKeHus - UMIN);

3) METO/IbI C TUCKPETHBIM CIIEKTPOM (MHOTOTOHAIBHBIE);

4) METOBI CO CIUIONIHBIM CIIEKTPOM (O€TIBIH 1IyM, PO30BBIH IIIyM, TICEBIOIIYM);

5) meTozbl ¢ pabounuM cUTrHajIoM (KoMIleHcalMoHHbI Metos Canoxkosa). [lo3aHee 310 MeTos
bakcannanna- AKylIMHHYEBA.

3aberas Hanepe]] T00aBUM CHOJIa €1Ie OHY TPYIIITY:

6) MeTo/IBI paboTHI ¢ peabHBIMU 3BYKOBBIMU cUTHajamu Xaduepa-Kapsepa.

Kaxxiast U3 9Tux rpymnn uMeeT pa3sHOBHIHOCTH, KOTOPbIE OTIMYAIOTCS 110 CII0C00aM perucTparuu
HEJIMHEWHOCTH, BBIJECIICHUIO IPOAYKTOB UCKa)KEHUH U T. 1.

MHoro BpeMeHH MeToJjaM TeCcTUpoBaHus MocBATUI Martu Otana, ero uccieoBaHus JIEeTIu B
ocHoBy ctangaptoB DIM-30 u DIM-100.

Taxue pa3zpaborunku kak JI>xon Kepin (John Curl) oco6oe BHUMaHUE yACISAIOT YaCTOTE TIEPBOTO
MIOJII0CA U BBICIIUM FapMOHMKaM HauuHas ¢ 7-i. Tak kak oTpunarenbHas oOpaTHas CBsI3b OJABIISIET B
OCHOBHOM HM3IIIME TAPMOHUKH (2-10 U 3-10) U MTOYTH HE 3aTparuBaeT Boicuine, To [[xon Kepn crapaercs
00X0UThCsl MUHUMaIbHOU I1yOonHOoNH OOC nocTatoyHoON AJis JOBEACHUS TPAAULIMOHHO U3MEPSEMBIX
napaMeTpoB 10 MUHUMaJIbHO HEOOXOUMBIX M0 CTaHAapTaM Ui ycunurenei kareropun Hi-Fi.

C npyroii cTopoHBI Kak Mmoka3biBaet npaktuka rnryounna OOC menee 30 1b manoaddexrurHa.

JIuan Oncon B pabore [3] numeT:

«B anexTpoHuKEe KOPPEAIUsI MEKIY TPOLIEHTAMU UCKa)KEHUN U CyOBEKTUBHOM OIIEHKOM
3By4aHHUs MPAKTHUECKH paBHA HYMO. ['apMOHUKH HU3MINX MOPSIIKOB MOYTH HECIBIIITNMBI B CPABHEHUU C
BEPXHHUMH, XOTSI OHH U JOMHHHUPYIOT B udpax m3mepennit THD! Ctpenka u3mepuTens cooOmaeT
pa3paboTUnKy MOITHYIO EPYHY.

[Topa oTnoxHYTH OT MUda MO “OIaro3ByYHBIE UCKAXKECHUS W HAWTH T peabHbIC
TPYIHOYJIOBHUMBIE UICTOUHUKH, CO3/IA0IINE UCKAKEHHUS B YCUITUTENE, KOTOPbIE OTMEYAeT YeJIOBEYECKOEe
yxo0. Kak Tosbko MbI HaliJIeM METO/Ibl U3MEPEHUI, KOTOPbIE B CAMOM JIeJIe TIOMOTAlOT, @ HE MPSIYyT MPaB/abl
OT HAc, TO CTAHET Jierde pa3paldaTbiBaTh MEKTPOHUKY, APY>KECTBEHHYIO CIYIIATEI0.)»

K coxxanenuto no ceit 1eHb NepBBIA METO/ TECTUPOBAHUS SBJISIETCSI OCHOBHBIM. JTO KaK B
M3BECTHOM aHEKJ0TE: HOUBIO UIIEM MOTEPSHHBIE KIIIOYM OT MAIIUHBI o] (OHApEM, a HE TaM TJie UX
MOTEPSUIM — MOTOMY YTO TaM CBETJIEE.

C nmpuMeHeHneM OJJTHOTO TOHA MPUMEHSIIUCH U3MEPUTEIH Ha OCHOBE MOCTOBBIX CXEM ISt



[IOJABJIEHNSI OCHOBHOI'O CUTHAJa U BBIIEJIEHUS BCEX TAPMOHHUK Cpa3zy, a TAKXKE METO/bI Pa3ieIbHOTO
U3MEPEHUs HaPSKEHUs KaXKJI0M TApMOHUKH C TOMOILBIO CIIEKTPOAHAIU3aTOPOB.

Opnnako HauOoJIbIIEe pacIPOCTPAHEHUE MTOTYYMIIN U3MEPUTENN HeTMHEHbIX nuckaxenuit (MHI)
Ha OCHOBE PEXEKTOPHBIX PUIbTpoB. CTPYKTypHas CXeMa TaKoro M3MEpUTEIIs IOKa3aHa Ha puc. 1.

1 / 2 3
y.d nsmepexune |
G pF— ~_ > % —
KannbpoBKa _

1 - reHeparop, 2 - TeCTUpyeMbIi ycunutens, 3 - UHU

Puc. 1 biok-nuarpamma u3MepuTensi HETUMHEUHBIX UCKAXEHUN

[TonmpoGyeM pa300paThCs B UeM ke MPUUNHA HU3KOTO PEUTHHTA IMOJ00HOTO poJia M3MEpPUTETIEH,
YTO K HUM OTHOCSITCS KaK K «IPOOHUKAM» JIJIsl KOHTPOJISI COOTBETCTBUS YCHIUTENEH UX CrieUpUKAIIUIM
B IIPOIIECCE MTPOU3BOJICTBA (B TEXMPOIIECCE).

CymectByeT 00IBIIIOE MHOXKECTBO PEKEKTOPHBIX (PHIIBTPOB KaK MACCUBHBIX, TAK U AKTHBHBIX HA
6aze OV. [l Toro yToOBI OIIEHUTH BKJIAJ] HCKa)KEHUH B TIOJI€3HBIM curHan Ha ypoBHe Huxe 0,001% (-100
nb) ypoBeHb MOJaBICHHUsI OCHOBHOM rapMOHUKH J10ibkeH ObITh Ha 10...20 nb riryGike, T. e. He menee 110...
120 nb. Jlns Hagama paccCMOTPUM MPOCTEHIIHI MacCUBHBIN GUIBTp 4-ro nmopsiaka Ha yactoTy 10 k[’ Ha
6aze LC-anemenToB, puc. 2

L1
. R1 9.55m
Jn — . . 2 ut
600 c1
T R2
+ . L2 600
Vi 26.53n
©  5.55m
L c2
1 26.53n

Puc. 2. Pexxexkrophsiii punbsrp beccens 4-ro nopsiaka

AUX takoro gpuibTpa nokazaHa Ha pUCyHKe 3



-10.000
-20.000
-30.000
-40.000
-20.000
-60.000
-70.000
-50.000
-90.000
-100.000
-110.000
-120.000

' -130.000

' -140.000

:-150.000

Kak BugHo n3 rpadpuka AUX nmogasinenre ocCHOBHOM rapMoHuku noutu 140 nb, a onmvxaiimas 2-s
TrapMOHHKA | MOCJIECTYIOIINE TIEpeaaroTcst 6e3 ocnabaeHuMs.

Crenyromuii mapaMeTp KOTOPBI HAC HHTEPECYET ATO BPEMs YCTAHOBJICHUS, T.€. BpeMs yepe3
KOTOpOE (PUIBTP MOXKET aJIEKBATHO U3MEPSATh UCKAKEHUs. J[JIs 3TOTO moMeniaeM K OCHOBHOMY TOHY
gactoroit 10 kI'm u ypoBHem 3 B(muk) curnan gactortoit 30 k' ypoBHem 3 MkB (-120 1b), puc. 4.

L1
- X2
X3 Rl | 955m ut
— ' 2
. 600 C1 -
7 — L2 600
10 kHz, 3Vp 26.53n
- ) 9.55m
X V4 T2
6 26.53n
/ 30kHz
3uV (-120dB 0,0001%) —

Puc. 4 Cxema uaMepeHus TpeTbeil rapMOHUKHU curHajia yactoton 10 kI’

TpeTbo rapMOHUKY UMUTUPYET UlI€ATbHBIN TeHepaTop V4 ¢ 4acToToM BBIXOAHOTO curHaia 30
Kl
3amyckaem Transient/Analysis 1 CMOTpUM pe3ynbTart, puc. 5
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Puc. 5 Pesynprar uzmepenus 3-ii rapMOHHMKH C IIOMOLIBIO0 CUMYIISITOPA

Pesynbrar TecTa mokas3pIBaeT U4TO MEPEXOAHBIE HCKAKEHHUS B caMoM (UIIBTpE IJISATCS okomo 1,5 mc,
T.€ IPUMEPHO B 15 pa3 mospliie nepuoja u3MepseMoro CurHana. TakuM 00pa3oM U3MEPHUTHh HCKAKESHUS Ha
MIEPBBIX MEepUOaX (Kak 3TO BO3MOXKHO CAENATh C MOMOIIBIO POTpaMMBbl MUKpOKAIT 9-if BepCum) He
MIPEJCTaBISIETCS BOBMOKHBIM, a BE/Ib UIMEHHO Ha MEPBBIX Mepuojax (HauOoMbLINil BKIa Ha IEPBOM) U
MIPOUCXOJISIT OCHOBHBIE UCKKEHHSI B YCUJIMTENSAX M3-3a MEPEXOAHBIX MPOIIECCOB, KOTOPHIE OMIUOOTHO
OTHOCST K JJMHEUHBIM HCKaKeHUIM. HanmoMHIO UTO JIMHEHHEIE UCKAXKECHU HACTynaroT 10 OKOHYaHUH
MEPEXOHBIX MPOLIECCOB, T. €. B YCTAHOBUBILEMCS PEXKUME.

W3 akTUBHBIX PEXKEKTOPHBIX (PUIBTPOB €CTh BApUAHTHI HA OCHOBE JABOHHOTO T-MOCTa, MOCTa
Buna-Po6uncona u np. Ho rmyOuna nmomasnenus Takux GuiasTpoB eaBa pocturaet 40...50 1b, 4aro siBHO
HEI0CTaTO4HO. PaccMOTpUM peskeKTOpHBIN (GUIBTp Ha OCHOBE (azoBpaiarenci, [4], puc. 6
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4 10K

Puc. 6 Cxema pexexkTopHoro GpuibTpa Ha ¢azoBpalaTensx

Taxoti punbTp mogassier ocHOBHOU ToH yactotoi 10 kI'1p 6omee 95 ab, UToObI yBeIMunThH
CTETIeHb MMO/IaBIICHHs BKJIIOUMM JIBa TaKuX (UIBTpa MmocienoBareabHo u usmepum AUX, puc. 7
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Puc. 7 AUX mocnenoBareabHO BKIFOYCHHBIX 2-X PEKEKTOPHBIX (DUIBTPOB Ha (ha30BpaIaTesix

JloGaBuM Kk TecToBOMY curHany curtai yactotoit 30 k' yposuem 30 MxB (-100 a1b), u
IIPOBEPUM BPEMs YCTAHOBJIEHMSI, PUC. 8
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Puc. 8 Pesynprar nusmepenus 3-ii rapMOHUKHU

TecT moka3bpIBaeT, UTO BPEMsl YCTAHOBJICHHUS TAKOTO (DPMIBTpa mouTu B 3 paza kopoue. Tem He
MeHee HECMOTpsI Ha nojaBieHue nmoytu Ha 50 ab Gonbliie yeM y npeapaymero Guibsrpa, QUIbTp HE B
COCTOSIHMHM aJIEKBAaTHO U3MEPUTH HcKkakeHus aaxe ypoBHem 0,001% (-100 nb) uz-3a BHOCUMBIX
HCKa)KeHUN akTHBHBIMU 37ieMeHTaMu (OY). B kauectBe OV ucnonb30BaHbl MOACTH
ObicTpozeiicTBYONMX nperu3noHHbIX OY THa OPA627. Takum 00pa3oM axe ¢ 3TUM (PUIBTPOM
TpeOyeTcs MPOIyCTUTh KaKk MUHUMYM 4 Tiepro/ia OCHOBHOTO TOHa. KcTaTu B mocieiHux Bepcusix




Mukpokana (11-g u 12-51) HeBO3MOKHO YCTaHOBUTH MeHee 4-X MEPUOAOB I IIpOCcYeTa YCHIIUTENS Ha
HCKa)KEHUS (CTIEKTp TapMOHUK, oommmid Kr).

CunyconanbHOe HaNpsDKeHUE GOPMUPYETCS BEKTOPOM MOCTOSTHHOM aMIUTUTYIIbI BPAIAIOIIMMCS
C MOCTOSIHHOM YITIOBOM CKOPOCTBIO.

OTcrofa MOHATHO MOYEMY Pe3yNIbTaThl TECTUPOBAHUS 3TOTO METOa HE KOPPEIUPYIOT C KaYECTBOM
3ByKa. Belb 0CHOBHBIE UCKaKEHUS ITPOUCXOAAT B MOMEHTHI M3MeHeHus1 dV/dt (B MOMEHTHI U3MEHEHHSI
BEKTOpa HANPSKESHUS WU YIIIOBOW CKOPOCTH €r0 BPAIIEHUS ), YTO U UMEET MECTO HEIPEPHIBHO B
peanbHbIX 3BYKOBBIX CUTHAJIAX.

Heckonbko my4iiie 1e10 00CTOUT € IByXTOHAJIBHBIMU U MHOTOTOHAJIbHBIMU METOIaMH, OJTHAKO H3-
3a TOTO YTO B CIIEKTPE TaK¥kKe MPOCThIe (PUKCUPOBAHHBIE CUTHAIIBI, TOW KOPPEJSAIUHU C KAYECTBOM 3BYKa
KOTOpast 0’KU1a1ach HE MIPOUCXOUT.

CriekTp curHaza - 3To pe3yJbTaT pa3lioKeHUs: CUTHajIa Ha Oojiee mpocThie B Oa3uce
OpTOTOHAJIBHBIX (PYHKIUH. B KauecTBe paznokeHus: 0OBIYHO UCIIOIB3YIOTCS peodpazoBanue Dypebe,
pasznoxenue no GpyHkuusaM Youia, BeiBrer-npeodpa3zoBaHue U Ap. B cumynsaTopax npeumMyiiecTBEHHO
UCTIONIBb3yeTcsl peoOpa3oBaHue Dypbe.

B nauane 1950 r. B.Bonbs¢ nomaer 3asBKy Ha nmateHT «Crioco0 u3MepeHus HelMMHEHHBIX
HCKakeHu» [5], puc. 9.
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Puc. 9 bnok-cxema uzmepurens HU o natenty SU90185

CymHoCTh mperaraeMoro crnoco06a u3MepeHnit mosicusercst cxemoit. C 3ByKOBOTO TeHeparopa
CIUIOIIHOI'O CIIEKTPa PABHBIX aMILIUTY [ HalpsyKEHHUE MOCTYIaeT Ha BXOJ UCCIENYEMOI0 TpakTa 2 yepes
PEXKEKTOPHBIN GUIBTP 3, 3aIep KUBAIONIUi y3Kyto monocy yactoT oT fl go f2. C Beixoma Tpakra 2
HaIpsHKEHUE MOABOIUTCA K HArpy3Ke 4 U MapauIesIbHO Yepe3 PEryATOp HAPSKEHUS J K II0JIOCOBOMY
buneTpy 6 ¢ monocoi npornyckanus ot fl go 2. C dunbTpa 6 HanpsHKEHUE MOCTYNAST HA AETEKTOp 7 U
3aTeM Ha rajJbBaHOMETD §.

[TockonbKy mosoca npomnyckanust GuiabTpa 6 paBHa mojioce 3aaepxkanus ¢uiasrpa 3 (WiIu
HECKOJIBKO yXKE €€), TO Ha BBIXOJIe UCCIIEyeMOT0 TPaKTa, B ClIy4yae ero JMHEHHOCTH, HE JOKHO OBITH
TOKOB, YaCTOThI KOTOPBIX JIEKAT B IOJIOCE IPpONycKaHus puibTpa 6, ¥ raibBaHOMETP 8 HE AOJIKEH
OTKJIOHATECI. OTKIOHEHUE KE CTPCJIKH I'aJIbBAHOMETPA 6y;[eT YKa3bIBaTh Ha MOABJIICHUC HA BBIXO/C
UCCJIEyeMOro TpakTa 2 TOKOB B mojoce yacToT fl - f2, T. e. TOKOB 4acTOT, KOTOpblE, B CHUIY
HaM4Yus GUiIbTpa 3, OTCYTCTBOBAIM Ha BXO/E TPAKTA.



Ot 00pa3oBaHus TOKOB B nosioce yacToT fl - {2 gBnstoTcs ciaeacTBUeM MOSBICHUS TAPMOHUK
0T 00Jiee HU3KOYACTOTHBIX COCTABIISIONINX CONEPKALTUXCS BO BXOAHOM CHTHAJE, U PE3YJIbTaTOM
00pa3oBaHMsi KOMOMHALIMOHHBIX YaCTOT, IpUXoaAIIuXcs Ha mojocy fl1 - f2.

OTKJIOHEHUE CTPEIKU TaJIbBAaHOMETPA § MPONOPLIUOHAIBHO HE TOJIBKO CTENEHH HETMHEMHOCTH
HCCJIEyeMOTr0 TPaKTa, HO TaKXKe U aMIUIUTY/IE€ HAaIPsDKEHUs, IeHCTBYIOIIEro Ha ero Bxoje. J{is
pa3enbHOro yuera 000uX 3THX (HaKTOPOB B CXEMY BBOIMTCS €III€ OAHMH MOJIOCOBON QHUIBTP 9, NETEKTOP
10 m ranbBaHOMETp /] C TAKMMU K€ XapAKTEPUCTUKAMHU, KaK Y aHAJIOTMYHBIX AJIEMEHTOB 6, 7, 8.

C moMoIIpio peryasTopa HaNpsHKeHUs J B ieh GUIbTpa 6 BBOAUTCS 3aTyXaHHE, paBHOE
k03¢ ¢uieHTy ycuiaeHus Tpakra 2. IIpu 3ToM OTKIOHeHHEe TanbBaHoMeTpa [/ OyaeT HpOonpIUOHAIBHO
3.].C. TIOJIE3HOTO curHana B monoce yactoT fl1 - f2, a rampBaHOMeTpa & — MPOMOPLUUOHAIBEHO
3.]1.C. UCKa)KEHH, HOBOOOPA30BAHHOM CaMUM TPAKTOM 2 B TOM e Mooce 4acToT. OTHOIIeHnE
MOKa3aHUH TalbBaHOMETpPa § K MMOKa3aHHUSIM rajbBaHOMeTpa //, IpU COOTBETCTBEHHO MOJOO0paHHOM
3aTyXaHUH PETYIATOPA HAMPSDKEHU 5, OyeT SBISATHCA MEPO HEIIMHEWHBIX MCKAXKEHUHN, CO3TaHHBIX
HCCIJIETyEMbIM TPAKTOM.

s ynoGcTBa oTcueTa raabBaHOMETPOB 8 U /] MOXKHO 3aMEHUTH JIOTOMETPOM, YroJl OTKJIOHEHUS
CTPEJIKM KOTOPOTO MIPOMOPIIMOHAJIEH OTHOILEHUIO TOKOB, POTEKAOIINX IO €r0 KATyIlIKaM.

ITockonbKy 3ByKOBasi SHEPTUs PACIPENEIIEHA 110 CIIEKTPY YaCTOT HEPABHOMEPHO, MOXKET
OKa3aThCsl, YTO UCKAKEHHUS, U3MEPEHHBIE B mosoce yacToT fl1 - {2, He XapaKTepHBI 171 IPYTUX yU4aCTKOB
cnekrpa. [Toatomy ¢bunsTpser 3, 6 u 9 ciieqyeT cnenarb nepecTpanBaIONIUMUCS 110 AUANA30HY 3BYKOBBIX
4acTOT C COXPAaHEHUEM HEM3MEHHOMN IIMPUHBI UX MOJIOCHI IPOITYCKaHUs (M COOTBETCTBEHHO 3aJI€P/KAHUA).
[Tpu nocTaroyHO OBICTPOM MEPECTPOIiKE YHNOMSHYTHIX (DUIBTPOB MpUOOp OyaeT naBaThb
IIPEJICTABICHUE O CPEIHEIHEPreTUUECKON BEIMUNHE UCKAXKEHUH 3a BpeMsl, paBHOE NEPUOTY
NepecTpoiku GUILTPOB. B 3TOM ciydae, IMEET CMBICI ACTEKTOPHI 7 U /() BBITIOJIHUTH IO CXEME
H3MEpUTEIIEH UMITYJIBLCOB C COOTBETCTBEHHO MOI00PaHHON MTOCTOSTHHOW BPEMEHH.

OcHOBHOI NIOBOA JUIs 110J1aUN 3asBKH 3aKJIIOYAETCS B TOM, UTO IPOU3BOJUMBIE IIPU TOMOIIH
MOJJaY Ha BXOJ YETHIPEXIOMIOCHUKA YHCTOTO TOHA (MJIM HECKOJIBKO YUCTHIX TOHOB) TECTHl HE YUUTHIBAIOT
CHEKTPAJILHOTO COCTaBa PEAJIbHOIO 3BYKOBOI0O cUrHaia. [103TomMy aajieko HEMOIHO OTpa)kaeTcsl BEIMYMHA
T€X HEJIMHEWHBIX UCKaXEHUI, KOTOPhIE BO3HUKAIOT B aNIapaType NpU MOAYISILUYU €€ HaPS)KEHUEM
CJIOKHOTO CIIEKTPA, XapaKTEPHBIM U1l pEaJIbHOM 3BYKOBOM IporpaMMsbl. He yuuTeiBaeTCs Takxke
BO3MOYKHOCTh BOBHMKHOBEHHS TOKOB KOMOMHAIIMOHHBIX YaCTOT, PE3KO YBEJINUUBAIOIINX HETMHEHHbIE
UCKa)KEHHSI B Pe3YJIbTaTe aMIUIUTYIHO-()a30BON KOHBEPCUH CUTHAJIOB. A caMoe IJIaBHOE TE€CTHI C
YUCTHIMU TOHAMU HE MOTYT BBIIEIUTH HH(OPMAIIUIO KOTOpasi TEPAETCS YCUIUTENAMU MIPU YCUIICHUN
peaTbHBbIX 3BYKOBBIX CUTHAJIOB.

ITo sTtomy metony Ha AES-126 npoxoausmiem B 2009 rogy B MIOHXEHE U3BECTHBIN CHIEUAIUCT B
o0Js1acTH AneKTpoakycTuku npod. A. @apuna npeacraBui 1okiuaf [6].

Onnako y metoza Bonbda oka3zancs CymecTBEHHBIN HETOCTaTOK — HECMOTPS Ha BO3MOXKHOCTD
NepecTpOoiKy (GUIBTPOB MO 3BYKOBOMY JHANa30Hy HEBO3ZMOXXHO TOUHO ONPENEIUTh B KAKOH HMEHHO
M0JI0CE YACTOT YCHJIUTEIh UMEET HauOObIIyI0 HETUHEHHOCTD.

OTOT HEAOCTATOK ObIT YCTPaHEH U3MEPHUTENIEM ACUCTBYIOIIMM POBHO HA00OPOT [7]: HA yCHIIUTENh
nonatoT 1/3 okraBHBIHN mrym (O€JIbIi ITyM, PO30BBIH IIYM WM IICEBIOITYM), @ Ha BBIXOJE €0 BhIpe3aloT. B
pe3ynbTaTe B CIIEKTPE OCTAIOTCS MPOLYKTHI UCKa)KEHUH TIOPOXKAECHHBIE IIYMOBBIM CUrHaJIoM, puc. 10. A
TaK KaK IIyMOBOW CHTHaJ MPOMOJYIMPOBAH KaK IO YaCTOTE, TAK U MO aMILIUTYNE, TO OH KaK pa3 u
MIPOBOLIMPYET UCKAKEHUSI XapaKTEepHbIE sl IEPEXOAHBIX MPOLIECCOB HA MEPBBIX MEPUO/IaX TOHAIBHBIX
CUTHAJIOB.

[Tonarasi, 4T0 BBICOKOYACTOTHASI YaCcTh 3BYKOBOT'O JIMANa30Ha HanOoJee KpUTUYHA K HETUHEHHBIM
MCKaXEHUSM YCHIIUTENIECH MOKHO OIPAaHUYHUTHCA HECKOIBKUMHU 1/3 OKTaBHBIMH MOJIOCAMU HauyMHasl C
gacToThl 10 k['11. B KkauecTBe TECTOBBIX CUTHAJIIOB MOYKHO HCITIOJIb30BaTh TOTOBBIE CUTHAJIBI UMEIOIINECS
Ha TECTOBBIX IUCKaX i nMpoBepku AUX 3ByKOBOTO TpakTa.
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Puc. 10 [Tpuniun padotst MHU ¢ ucnons30BaHrEM Y3KOITOJIOCHOTO IITyMa

Bbonee moapobHO 0 pe3ynbraTax CpaBHUTEIbHBIX UCTIHITAHUN MOXKHO O3HAKOMHTHCS B [8].

Crnenyroniim maroM B pa3BUTHU U3MEPHUTEIHHOM TEXHUKH OBLTO HETTOCPECTBEHHOE BEIUUTAHUE
CUTHAJIOB MOcJe MacTabupoBanus U (a30Boil MOATOHKH BXOJHOTO CUTHANA K (pa3e BBIXOAHOTO, [9].
OT1oT MeTo | (METO] B3aUMHOM KOPPEISAIIUU MEX]Ty BXOIHBIM U BBIXOJHBIM CHTHAJIAMH) OBUT 3aIUIICH
JIOKTOPOM TexHU4YeCKnX Hayk M. CanoXKoBeIM auccepranuei B 1954 romy. IToT e MeTox ObLT
ony6nukoBaH u B [10]. [Tozanee aToT MeToa Obut onyOnukoBad B [11] u cTan u3BeCTeH Kak METO.
bakcannanna. B Poccun momynsipuzatopom 3toro metoa O6bu1 M. AKyTHHUYEB OMyOJIMKOBABIIAN DS
BEKTOPHBIX MHIUKATOPOB UCKAXKEHUH B )KypHaie Panuo.

Haunbonee nonHo Bce BUIbI UCKa)KEHUH OTpakeHsl B [12], n mponiuttocTpupoBaHsl Ha puc. 11 u
12.

aMmnnuTtygHaa
NorpewWwHoCcTb

BpeMA 3a0epxKn
npoxoxageHna
CHUrHana

peanbHbIA cUrHan

Vo (t)
amnnuTyaa Bpema
BEKTOpPHON
NOrpewHocTn

MrHoBeHHoOe M.qeaanhu}‘l
OTKMOHEHue cuUrHan

Puc. 11 UnmrocTpanusi COOTHOIICHUS MEXKTy BEKTOPHOM, aMIUTUTYIHON U (a30BOM OIMOKaMH
IIPY TPE/ICTABICHUH CUTHAJIA B BUJE (PYHKIIMHM BPEMEHHU.
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Puc. 12 CxopocTHast IOrpeHOCTs HEMHBEPTUPYIOLIETO YCUIIUTEINS TPH BO30YXACHUU €ro
JMHEHHO-HAPACTAIOIUM HAIPSKEHUEM.

Buner nckaxenwuii pacmmdponansl Ha ctpanuiie 322 [12] B mynkTax 13 u 14, npuBenem ux B
MIOJTHOM BUJIE C HEOOJIBIIUMU JOMOJTHEHUSIMHI

13. CxopocTHast MOTPEIIHOCTh PE3UCTUBHOM OMEPAIlMOHHON CXEMBI IIEPBOT0 MOPSJIKA C COMPSTAIOIICH
4acTOTOH fc = 1/27te, BO30YX1aeMOM TUHEHHO-U3MEHSIOLTUMCS CUTHAJIOM - TAaKUM, YTO CHUTHAI
Ha BBIXOJI€ U3MEHSETCS CO CKOPOCTBIO Wsbix, PABHA:

€Esoix = - WebixTe (])

rac (Dsbix :27Z'fw Usuix (2) (lOOk. 14)

7c = RC w ¢u3mvecku paBHO 3ajJiepkke curnaina (time Propagation Delay — tPD) B monoce mpoIrycKaHust

14. Kak ckopoCTHast MOTPEMIHOCTD € soix IPU HETAPMOHUYECKOM, TAK M BEKTOPHAs IOTPEIIHOCTD &v TIPU
TrapMOHHMYECKOM BO3JECHCTBUH BBIPAYKAIOT OJHO U TO K€ OCHOBHOE AMHAMUYECKOE OTPaHUYECHUE,
CBSI3aHHOE C HAJIMYMEM COTNPATAIOIIEH YaCTOThI ONEPAIL[MOHHOMN CXeMBI fe. B pe3ucTUBHON onepalmoHHON
cXeMe MePBOTO MOpsAKa 3TH JIBE MOTPEIIHOCTHU CBSI3aHbI MEXKAY COO0I COOTHOIIEHUEM:

- €6blx/U6le= gv O‘w) (3)

[ToncraBuB Beipakenue (2) B (1) momyunm:
€ soix = - WebixTe = - 27Z'fa) Usvixte = - 27l'fa) U@blx(fPD) (4)

3aMeHUB JaCTOTy EPUOAOM IS TAPMOHUYCCKOIO BOB,I[GI‘/JICTBI/ISI MMOJIy4uM:
Coox= - 27 Usbszc/T: -2r Ueblx(lPD)/T (5)

W3 nyHkTa 14 BBITEKAET 4TO CKOPOCTHASI MOIPEIIHOCTD IPU HErApMOHUYECKOM BO3ACHCTBUU U
BEKTOPHAs MOTPEHIHOCTb IPH FAPMOHUYECKOM BO3JI€HICTBUN BBIYHUCIISIOT 110 OHOW U TOH %ke (opmyie,
YTO HE YIUBUTEIHHO, TAK KAK HAUaJIbHBIM y4aCTOK CHHYCOUIbI (TOUHEE Ha4aJbHbBIN y4acToK OypcTa)
MOHO C XOPOILUM NPHOINKEHUEM CUMTATh HErApMOHUUYECKUM BO3JEHCTBHEM.

MeTtonb! U3MEpEeHNs: BEKTOPHOM MOIPEIIHOCTHU 3aKJII0YAI0TCSI B IPSIMOM BBIYMTAHUU BBIXOAHOIO
CUTHaJIa U3 BXOJHOI'O NPUBEJCHHOTO MO YPOBHIO K BHIXOAHOMY (HOpPMaJIN30BaHHOE HAIPSKEHUE).
HanpuMep 17151 MTHBEPTUPYIOLIETO YCUIINTEINS 3TO BBINIAIUT Tak, puc. 13 [12].



m\JM '
Ocuunnorpad

Puc. 13 Cxema 11 u3MepeHusi BEKTOPHON MOTPEIIHOCTH HHBEPTOPA HAIPSKEHUS

Tak Kak ycuiieHue paBHO MUHYC 1, TO pe3yibTaT BBIYMTAHUSA U3MEPSAETCS B TOUKE COCITNHEHHUS
PE3UCTOPOB PABHOM BEJIINYMHBI.

Taxum o6paszom no Upsku Jloctamy BEKTOpHas MOTPEMIHOCTh U CKOPOCTHAS MOTPEUTHOCTD 0 CYTH
OJIHO U TO € B JUIsl CHHYCOUJAJIBHBIX CUTHAJIOB B YCTaHOBUBIIEMCS pexxuMe. OIHAKO U3 pacCMOTPEHUS
YIYIIEH HAYAJIBHBIN y4aCTOK JUHENHO HAPACTAIOIIETO HAMPSYKEHUS WU YTO TOKE CAMOE — HA4aJIbHBIN
Y4acTOK IepBOi CUHYCOUIbI OypcTa (HEOOBIION «TPEYTroabHUK» Ha pHc. 12). IMEHHO 3TH HCKaKEeHUS s
Y Ha3BaJ CKOPOCTHBIMU UCKAXEHUSIMU. DTOT BUJI UCKA)KEHUH CBSA3aH C IOBOPOTOM HANPSIKEHUS U UX
Jydiie Obl1o OBl Ha3BaTh «MCKAXKEHUSIMU MTOBOPOTa». Huxke OyneT mokazaHo 4TO 3TOT BHJ MCKaKEHUN
BO3HUKAET BCAKUN pa3 MpU OTKJIIOHEHUH CUTHAJIA OT CUHYCOM/IbI (B MOMEHTbHI U3MEHEHUS KaK YaCTOTBI
CUTHAJIa TaK ¥ €r0 aMIUTUTY/bI).

Pa3paboTunku HyXAaJdUCh B TECTE KOTOPBIN Obl KOPpEIUpOBai ¢ KauecTBOM 3ByKa. M JI3Buj
Xaduep mpeutoxku Takoit tect mox HazBanueM SWDT («straight-wire» differential test -
muddepeHIMaNbHBIN TECT «IPsAMOTo mpoBoaay) [13], puc. 14.
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Puc. 14 brok-cxema u3mepuTens BEKTOPHBIX MorpentHocTeil Xaduepa

Tect Xadepa 3akiodaercs B CpaBHEHUH BBIXOJJTHOTO HAMPSHKEHUS C MPOMACIITA0MPOBAHHBIM
(HOpMaTM30BaHHBIM) BXOJIHBIM (C BXOJIHBIM HANpPsKEHUEM MPUBEIECHHBIM 110 YPOBHIO K BBIXOAHOMY €CJIH
CMOTpPETH OT BX0J]a TECTUPYEMOTO YCHIIUTEINS K Touke A uepe3 arTeHtoarop). O4eBUAHO, UTO €CIIU BXOJ U
BBIXO/1 HICHTHYHBI, B KOHTPOJIHHOM IPOMKOTOBOpHUTENE (HAayIIHUKaX) He OyaeT curHana. JIro6oi 3ByK,
CJIBIIIUMBIN TIOCJIE THIATEILHON OaTaHCHUPOBKH, OyIeT HCKOKEHHEM. 3a «HYIb-TeCT» Xadiep mpeioKuI
ypoBeHb -70 nb mist cpennux gactot (ocnabnenue curaana B 3000 pa3 umu 1o 0.03%) u -60 n1b

(ocnabnenue currana B 1000 pa3 wnu 10 0.1%) 11 BBICHIMX 4acTOT 3BYKOBOT'O JIMana3oHa.

B onHOM 13 oTBeTOB Ha Bompock 1o ctarbe [13] o npumenenun tecta SWDT Xadnep numer:
«310 He HoBas ujed. OQHAKO B MPOILIOM YCHIUTENH BBINIAIEIN OYEHb TUIOXO B 3TOM TECTE, KOTOPBII
BBISIBIJI Bce HeocTaTku. XL-280 MoxkeT ObITh NepBbIM YCUIIUTEIEM, MIPEAIAraloniiM XOpOIInil HylIeBOH
curHan ¢ SWDT.»

Wnes nelicTBUTEIHHO HE HOBasA, HO pa3pabOTYMKaM ayJHOYCHIINTENE X0UeTCsl BUJIETh MTPOAYKTHI
WCKQ)KEHUH, @ HE BEKTOPHbIE MOrpettHoCTH. Ho 1u1st 37010 Hajo mpoBOAUTE TECT C YYETOM 3aIEPKKH
IIPOXOXACHUS CUTHAJIA.

U xots Tect Xadnepa He n3MepsieT HeTMHEWHbIE HCKa)KEHUS, a TOJIbKO BEKTOPHBIE MOTPEIIHOCTH,
TEM HE MEHEE B psAJie CIIy4aeB OH MOXKET ObITh Oosiee MHPOPMATUBEH YeM JIF00OH APYToil TeCT.

B otnnuue ot merona CanokkoBa-bakcanania B 95TOM METO/IE HE UCTIONB3yeTCsl ha3oBas
MOJCTPOMKA UYTO CYIIECTBEHHO YIIPOLIAET IPOLEAYPY TECTUPOBAHUS, a C APYTOW CTOPOHBI YUUTHIBAET U
HCKa)XEHHs BO BpEMEHHOM 00J1acTH, T.€. BHOCUMBbIE (ha30BbI€ HCKAXKEHUSI KOTOPbIE HEPEAKO MPUBOJIAT K
CEPbE3HBIM UCKAXXEHUSIM CBA3aHHBIM C aMIUTUTYIHO-(a30BOI KOHBEpPCHUEH CUTHAJIOB.

DTa MBICTH TIPO3BYYasa B 0kiaje "Beicora, TeMOp, pa3aeneHue HCTOYHHUKOB U MU(BI O
BOCIIPOM3BEICHUH 3ByKa Yepe3 TPOMKOTOBOPUTEH" M3BECTHOTO CIICIIHATUCTA B 00JIACTH IICUXOAKYCTUKU
. I'puzunrepa Ha AES-132 npowmenmem B bynanemre B 2012 roay. B cBoem aokiaze oH mokasani 4Tto
Ype3BbIUANHO BaKHOE 3HaUEHUE UMEIOT (Da30BbIe COOTHOILICHHS BEPXHUX FAPMOHHK B CIIEKTpPE, a TAKXKe,
YTO MPU BOCIIPOU3BEACHUH YEPE3 TPOMKOTOBOPUTENH B TOM MJIM MHOW CTEIIEHU BCET/IA HAPYIIAETCS
CTPYKTypa aMILTUTYIHOTO U (a30BOTO CHEKTPa, IOATOMY 3By4aHHE Bcerna OeHee 1mo TeMOopy, YeTKOCTH,
SICHOCTH U [JIp., YEM HaATypaJbHbIN 3BYK.

MoxeT co3aaThCs BIIEUATIEHUE YTO OT BEPXHETO 10 CXEME YCUIIUTENS PE3YJIbTAT TECTA HE
3aBHCHT, BEIb €TO 3aJ]a4a BCEro JIMIIb BbIJATh aMIUIMTYAy curHaia. Ha camom fene oH 10MKeH ObITh
JOCTATOYHO HIMPOKOTIONIOCHBIM (CKOPOCTHBIM) YTOOBI HE «CMa3aTh» TOHKHE HIOAHCHI 3ByKOBOT'O
Marepuana u He 00JIeryuTh 3a7a4y TECTUPYEMOMY YCHIIUTENO. TONBKO B 3TOM CiIydae MbI MOIYYHM
Oornee TOCTOBEpHYIO HH(POPMALIMIO O TECTUPYEMOM ycuiuTene. Ecnu ke ucronb30BaTh «TOPMO3HYTHII»
YCUIINTENb (TAaKUM MOKET OKa3aThCs OJJUH KaHaJl TECTUPYEMOIO CTEPEO YCHIIUTEINSI UCIIONb3YeMbIi Kak



JpaiiBEpHBIi1), TO TECTUPYEMBIN YCHIIUTENb MOXKET BBIIIAAETD JIyUIlle YEM OH €CTh Ha CAMOM JIEJIE.

ITo moBoxay Tecra Xaduepa Jxon Kepn ckazan cnenyromee [14] (ctp. 40):

«IIpu Bcem yBaxenuu K JpBuny Xadepy. Ero ycunutens, BO3MOXKHO, IIPOIIET €T0 TECT, HO ATOT
YCUJIUTENb HE CUUTAETCS «UACATBHBIMY» HU 110 OTHOMY CTaHAAPTy U OOBIYHO «MOJEPHU3UPYETCS
JTIOOUTEINISIMHU, C OTMEUEHHBIM «yIydlIeHneM».». Hajo monarars uto oH uMen B BUIy ycuiutenab XL-280.

Ha nepBblii B3m11 3TO BBICKa3bIBaHME MOXKET II0KA3aThCsl apajgokcanbHbM. Ha camoMm aene
MHOT'0€ 3aBUCHUT OT TECTOBBIX CUTHAJIOB. ECiin MCI01b30BaTh YMCTO CHHYCOUJAIbHBIE CUTHAJIBI, TO
u3MepeHus OyayT Manio ominyarkes oT u3Mepenus THD B yctaHOBHBIIEMCS PEeXUME € BBITEKAIOIIUMU
nocnencTBusiMu. Hanbosnee onTuManbHbIid CUTHAI AJ1s1 TIO0OHOTO TECTUPOBAHUS TPEYTOJIBHBIN CUTHAT
gactoroit 10 xI'iy mporrymennsiii uepe3 @PHY 100 kI, Takoli curHan o4eHb YI0OCH B KaueCTBE
TECTOBOTO BO BCEX OTHOILICHHSX, CKOPOCTh HapacTaHus/cnaia (poHTOB cUrHaja OJIM3Ka K MaKCUMaJIbHOMN
CKOPOCTH HapacTaHMsI BCTPEYAIOILEHCs B peallbHbIX 3BYKOBBIX CUTHAJIaX, @ Ha BEpUIMHAX CUTHAJA
MPOMCXOIUT IMOBOPOT CUTHAJIA - U3MEHEHHUe HanpshkeHus: dV/dt xapakTrepHoe /Uil TOHKUX HIOAHCOB
peasbHOTr0 3BYKOBOT'O CUTHAJA (BBISBISET CKOPOCTHBIE MCKAXKEHU ABAXAbI 3a epuon). iMeHHo tect ¢
MIOMOIIIbIO TAKOTO CUTHAJIA [TOKa3ajl uTo Mojenb yecrmintenst XL-280 BHOCUT CKOPOCTHBIE UCKaKEHUS 10
1% u 6onee Bmecto 0,1% .

ITpu ncnonp30BaHUU CUHYCOUIAIBHOIO CUTHAJA, PAaBEHCTBE aMILIMTY/] Ha BBIXOJIaX YCHIIUTENEH 1
OTCYTCTBUM MCKaXEHUH pPa3HOCTHBIM CUTHAN Oy[eT NPeACTaBIATh COOON TaKKe CUHYCOUAY, HO
CABHMHYTYIO 1O (ha3e, aMIUIUTya KOTOPOM 3aBUCUT OT 33JCPHKKHU IMPOXOXKICHUS CUTHATIA TECTUPYEMOTO
ycunutens (tPD):

a ~= 2nA*tPD/T (6)
rae
T — nepuoj curHana, MKc;
A — aMIITUTYy/1a CUTHAJA Ha BbIXOJaX ycuiauTeneil, B
tPD — BpeMs 3aJIep KKK POXOKACHUS CUTHAJIA, MKC

e tPD = ~aT/2nA (7)

N3 popmyssl (6) BUAHO YTO YPOBEHb BEKTOPHOM MOTPEITHOCTH 0OPATHO MPOMOPIIMOHATICH
nepuofy (MpsiMO NponopLrOHaIeH yacToTe). [loaToMy Ha BBICIINX YacTOTaxX HanboJee TPyAHO
00€CTIeYNTh MaJIble BEKTOPHBIE TIOTPEITHOCTH.

[TomcunTaem mpenenbHO AOMYCTUMYIO 3aJIepkKy tPD 1o dopmyine (7) mist wactotsl 20 kI mpu
BEKTOpHOM norpemHocty -60 ab, T. e. mpu a/A = 0,001

tPD = ~aT/2xA = 0,001 *500001c¢/6,28 = 8 nc

Taxum 00pa3om BpeMs 3aIep>KKU TPOXOKICHUSI CUTHAJIA HE TOJDKHO TIEPBHIIIATh 8 HC.
Hamo ckazatp 4TO 3TO JOCTATOYHO *KecTkoe TpeboBanue aiisa Y M3Y, Tak Kak mojaBisioniee
OONBIIMHCTBO yCUIIMTENEeH Haxoaaumxcs B skcruryatanun umeet tPD ot 200...300 ue o 1,5 mMxc u 6onee.

Ecnn opueHTHpOBaThCs Ha aMIUIUTYIHYIO TOYHOCTh nepenauu curnana 0,01%, To B cooTBeTcTBUM
¢ BbIBosIaMu [ 12] mmostoca mpormycKaHusl YCUITUTENS C OJHOTIOTIOCHON KOPPEKIIUEH TOMKHA OBITh HE
MEHee:

fo=(100N2)fi = 71f; (8)

[TonctaBum B popmyiy (8) BEpXHIOIO YaCTOTY 3ByKOBOTO JUara3oHa, B pe3ylbTare MojaydyuM
HeoOXoauMyto monocy npomyckanus 1,4 M. 1o o3Ha4aeT 4To BpeMs 3aJIeP>KKH MPOXOKICHUS
CUTHAJIa HEe JOJDKHO MPEBbIIIATE:

tPD <= 1/2nfs = 1/(6,28-1400000) = 0,00000013 ¢ = 0,00013 mc = 0,13 mxc = 130 HC

TakuM 00pa3oM B COOTBETCTBUU ¢ pacueramu 1o ¢popmynam Mpxu Jlocrana momoca nmpomyckaHus
yCUIIMTENS T0JbKHA ObITh He MeHee 1,4 MI'1, a Bpems 3a1ep>KKU IPOXOXKICHUS CUTHAJIA B CAMOM
ycunuTene (0e3 yuera 3aIep>KKH BbI3BAHHON BXOIHBIM Panov4acTOTHRIM GuisTpoM HY) most



BbICOKOKauecTBeHHBIX ycunureneil ¢ OOC He nomkHo npesbimars 130 He, HO B TaKOM cllydae 3TO He
OyZeT COOTBETCTBOBAThH OOJIee )KECTKUM TpeboBanmsaM Tecta Xadaepa SWDT.

B HEKOTOPBIX COBPEMEHHBIX TOTIOBBIX YCHIIUTEISAX ITOT MapaMeTp CTallu yKas3biBaTh. Hampumep, B
TEeXHUYECKHUX XapakTepuctrkax Ha ycuiaureab MIMESIS 9.2 ykazano:
GROUP DELAY
- Propagation Delay: < 100 ns stable from DC to 200 kHz

AHaJIOTHYHBIN «HYIIb-TeCT» ucnoyib3oBai u boo Kapsep [15], puc. 15

Meterl

X1 RL1

S S,

8(4)

. +| Digital Volts
- H R3 | Analog Amps

X2

Cé Vi §R2 30 N, osc

Puc. 15 Briok-cxema u3mMepeHuss OTHOCUTENILHOTO YPOBHS MCKAXEHHH 110 OTHOLICHUIO K ATAJIOHY

B omuuue ot opurnnansHoro tecta Xaduiepa, B recte Kapsepa ucnonb3yercs CpaBHEHHE MEXIY
BBIXOJIOM «ATajoHa» X1 U BeIXooM Tectupyemoro ycunurensd X2. Kak noxasan sKCiepUMeHT
KOPPEKTHPOBKA TapaMeTPOB YCUIIUTEIS CpeiHEN 1IEHOBOM KaTeropuHu MoJl HapaMeTphbl JOPOroro
«atanona» ¢ TouHocThio -70 1b (0,03%) obecnednno HACHTUYHOCTh UX 3ByYaHUSI.

Tak KaK Mbl CTpEMHUMCSI K HJ1€aJIbHOW TOYHOCTH TO IPU MOJIETMPOBAHUH C TOMOIIIbIO
CUMYIISITOPOB B KaU€CTBE ITAJIOHHOTO YCUJIUTEIIS MOJKHO HCIIOJIb30BaTh UJ1€aIbHBIN YCUIIUTEID C
K03(pPUIIMEHTOM yCUJIEHUS! PABHBIM YCUJIEHHIO TECTUPYEMOTO YCHIINTEINSI Ha YacToTe curHaina. Torga juist
M3MEPEHMSI BHOCUMBIX HCKaXEHUM KOMIIEHCALIMOHHBIM METO/IOM JI0CTaTOYHO 3a/1€p>KaTh BBIXOAHON
CUTHAJI U/I€AJIbHOTO YCUJIUTEIIS ¢ TOMOIIIBIO HJ1€aIbHON JIMHUU 33JIEP’KKH Ha BpEMS 3aJepKKU
HpOXOXKJeHUs curHana (tPD) B TecTupyeMoM ycUIIUTENE, a BCE YTO OCTAETCs MOCIE BHIYUTAHUS U €CTh
HCKaXEHHsI BHOCUMbIE YCHIIUTEIIEM.

Meton Kapsepa MO>KHO MCIIONIB30BATh U U1 U3MEPEHUS IPUPAIICHNS NCKAKEHUH Ha
MaKCUMaJIbHOM MOLTHOCTHU (WJIX JIF0OOH JpYyroit) Harpumep, 0 OTHOIIECHHUIO K BBIXOJHOM MoIIHOCTH |
Brt. /st aToro ycunutenu X1 u X2 10KHBI UMETh OMHAKOBBIE ITapaMeTpbl (HalpuMep MOHOOIOKH
oHOM Mapku). Ha BbIXozie 01HOTO U3 HUX MapajlieIbHO HArpy3Ke BKIKOUAEM JETUTENb (pe3UcTop
KOTOPBII COEIMHEH ¢ «00LIMM» OepeM paBHBIM Harpys3ke, a BEpXHHUI Pe3UCTOpP pacCUUTHIBAEM TaK YTOOBI
B TOYKE COEJMHEHHUS PE3UCTOPOB JeIUTENs ObUIO HAMPSKEHUE COOTBETCTBYIOLIEE BHIXOIHOM MOIIIHOCTHU
1 Br). OcTaercs B ycuinurene ¢ IeIUTeNleM MapauiebHO Harpy3Ke BhICTABUTH BBIXOAHYIO MOIIHOCTb
OJIM3KYI0 K MAKCUMAaJIbHOM, a BO BTOPOM YCHJIMTEJIE BXOJHBIM aTTEHIOATOPOM BBICTABUTH BBIXOHOE
HaNpsHKEHUE PABHOE HAIIPSDKEHUIO B TOUKE JIEJIEHHS PE3UCTOPOB MepBOro ycwintens. Ecnu napamerpsl
YCUJINTENEH OJIMHAKOBbIE (BayKHO YTOOB! ObLIH paBHBI tPD), TO BeKTOpHBIE HCKaXKeHUs OynyT
CKOMIIEHCUPOBAHBI U B IMATOHAJIM MOCTa MBI [TOJIyYUM B YHCTOM BHJI€ IPUPOCT UCKAKEHUM. VX MOXKHO
OIICHUTH C TIOMOIIIbI0 octniuiorpada, MHU unm ciekrpoananuzaropa.

M3 ncuxoakyCTHUKU U3BECTHO YTO YEIOBEUECKUH CITyX Hanbosee UyBCTBUTEIEH K CKOPOCTH
u3MeHeHus ¢asbl, T.€. K TpyNmnoBoMy BpeMeHu 3ajaepkku (I'B3) u ee u3sMeHeHussM B 4aCTOTHOM 00J1acTH.
Ha camomM gene BaxxHO nocTosiHCTBO I’ B3 HE TONIBKO B 3ByKOBOM AMaria3oHe, HO U 1aJIEKO 3a €ro
npenenamu (Brwioth 1o 1 MI'n u nanee).

B3auMoCBs3b BEKTOPHBIX OTPELIHOCTEN ¢ BPEMEHEM 3a1€PKKH HETPYIHO MPOCIEAUTD 110

CJIeIyIOIUM pUCyHKam, 16 — 18.
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Puc. 16. Unmroctpanus Mmexanu3ma o0pa3oBaHus CHHYCOUJAIBHOTO KOJIeOaHUs C TIOMOIIIBIO
BpalIAIOLIErocs BEKTopa.

Crenyronye WITIOCTPAIIUH TOKa3bIBAIOT B3aUMOCBS3b BEKTOPHOM MOTPEIIHOCTH C BpEMEHEM
3aJIepKKH MMPOXOXKICHUS CUTHAJA. B Jarammrax Ha HEKOTOPBIE BBICOKOCKOPOCTHBIE OTIEpAIlHOHHBIE
YCHIINTENH BpeMsl 3aJICPiKKH MTPOXOXKACHHS CUTHAIa ipuBeieHo Kak tPD (time Propagation Delay).

Ha pucynke 17 npuBenena nieanbHas MOAEIb BEKTOPHOTO CIIOKEHHSI CHHYCOUI.
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Puc. 17 Monens BEKTOPHOTO CIOKEHUS HAIPSIKEHU I

Ha pucynxke 17 nokazaHo 4yeTslpe CUHYCOM/IbI, HO TaK KaK OHM 3aJI€pKaHbl IpyI OTHOCUTEIBHO
Apyra Ha HeOOJIbIIOE BpeMsl BU3yaJlbHO OHU ciMBatoTcsa. CurHai reeparopa yactoroit 20 k' umeer
ammuutyny 15 B. [Ipu cnokeHnn AByX CUTHAJIOB OIMH M3 KOTOPBIX 3a/1€pKaH Ha HEOOIbIIOE BpeMs
aMIUTUTY/Aa BBIXOJHOTO CUTHAJIA PAaKTH4eCKH ynBanBaeTcs U paBHa 30 B. Jlns Toro 4toObI Bce yeThIpe
cUrHaia ObuTM OTHOM aMIuIUTyab! 11t curHanoB IN1, IN2 u tPD npumenen MHOXHUTEND 2.



Havansabiin Y4aCTOK CUrHalia BBIHCHCHHLIﬁ MMPAMOYT'OJIbBHUKOM IMOKa3aH Ha CJICAYIOIICM PUCYHKEC B
pacTAHYTOM BH/C

200

20kHz_delay-10n.CIR

CHrHan 4yacToToi 20 KU ¢ aMnnuTyaoi 30 B 1 tPD = 10 NS NOMy4YeH CNOKEHUEM
[BYX CHTHANOB C aMﬂany;(oﬁ 15 B OIMH W3 KOTOPLIX 3auepmaH Ha 20 nS

NNKHa OKPYIRHOCTH paBHa EHR nepuog 20 KMy paseH T= 50 us
NnuHa BeKTOpA & CABMHYTOrO Ha 10 NS pagHa: ' : :
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Puc. 18 Pe3ynbraT BEKTOPHOTO CIIOKEHUS 2-X UJCANbHBIX CHHYCOU] (HauaabHbIA y4acTOK)

W3 pucynka 18 BUIHO YTO MPH CIOKEHUH UCXOAHOTO CUTHANA (YepHasi) U 3a7epkanHoro Ha 20 He
curHana (po3oBasi) oOpa3yeTcsi BRIXOAHOM cUrHal (KpacHasi) ¢ 3aJIep>KKOU BABOE MEHbIIEH, T. €. 10 He.
Bornee Toro, Ha HayaJIbHOM y4acTKe HEM30€KHO BO3HUKAIOT UCKAXKEHUS Ha npoTskeHuu 20 He, T. €. Ha
npotsokeHud 2*tPD. DToT BUI MCKaKeHUI TPOSIBIISICTCS TOIBKO B Hauase Mepuojia CIOKEHHUs W
BBIUUTAHUS JBYX U/I€aTIbHBIX CUTHAJIOB. 51 B3sU1 Ha ce0sl OTBETCTBEHHOCTh HAa3BaTh ATOT BUJ HCKaXXKEHUI
CKOPOCTHBIMH, TaK KaK OHU HEMOCPEICTBEHHO CBSI3aHbl C TAKUM CKOPOCTHBIM MapameTpoM Kak tPD u
BO3HHMKAIOT B MOMEHTHI U3MeHeHHs ckopoctu dV/dt. B uaeasne 3Ti nckakeHUs 10 aMIUIMTY/IE PABHBI
MIOJIOBUHE BEKTOPHOM MOIPEUIHOCTH (M3 MPOEKIINHU XKEJITOr0 TPEYroJbHUKA Ha TOPU30HTAIBHYIO OCh), a
1o Bpemenu 2*tPD. AMIiuTyaa v AMUTEIbHOCTh CKOPOCTHBIX HCKAKEHUN (SKENITHINA TPEYTOJIbHUK)
oTpeneNseT UX BKJIaJ B OOIIUI YPOBEHb HCKAKECHUHM UCKaKEHUH CIIOAKHBIX CUTHAJIOB K KAKUM OTHOCHUTCS
Y 3BYKOBOM CUTHaJl. IMEHHO 3TOT BUJ UCKa)XEHUI COCTABIISIET OCHOBHYIO YaCTh UCKAKEHUN IIEPBOTO
nepuosa ['pama Moiinapaa (FCD).

Ha pucyHke Takke mpuUBEAEH pacuyeT B COOTBETCTBUHU C [12] moka3pIBaOnIui MpsMYIO
3aBUCHMOCTb BEKTOPHBIX ITOIPEIIHOCTEN U CKOPOCTHBIX UCKaKEeHUH OT tPD.

YtoObl MAKCUMAJILHO HUCIIONB30BaTh 3Ty UICAIBbHYIO MOJENb H3MEPUM C €€ TOMOIIbIO CKOPOCTHBIE
UCKaXKeHus, puc. 19
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Puc. 19. Pe3y.TIBTaT HU3MCPCHUA HCKaKeHUM BO3HMKAIOIINUX B PE3YIbTAaTC BEKTOPHOTO BEIYUTAHUA

JIBYX HJI€aJIbHBIX HANpPSKEHUH CABUHYTHIX MO (ase.

W3 pucynka 19 BUIHO 4TO NpH BBIYMTAHNUN BBIXOIHOTO, 3a1ep>kaHHoro Ha 100 He, curHana u3
BXOJIHOTO BO3HMKAIOT UCKAKEHUS C OTPULIATEIbHBIM 3HAKOM 110 OTHOILIEHUIO K MOJIIPHOCTH NEPBOM
MIOJTYBOJIHBI BXOJTHOTO CUTHAJIA M aMILTUTY/I0M paBHOM MOJIOBUHE BEKTOPHON MOTPEIIHOCTH U 001Ieit
npoaonKuTeNnbHOCTRIO 200 He, T. €. 2tPD. DT nckakeHus: He UMEIOT HUYETo OOIIETo ¢ TMHEHHBIMU
UCKaXeHUSIMHU (HU ¢ (pa3oi, HU ¢ aMIUTUTYA0H). BOT 3T HcKa)keHUs s1 U OTHOILY K CKOPOCTHBIM.

CunyconanbHOE HapsHKEHNE 00pa3zyeTcsi BEKTOPOM MOCTOSIHHOM BETMYMHBI BPAIIAIOLIUMCS C
MOCTOSTHHOW yTIIOBOM CKOPOCTHIO (cM. puc. 16). IIpu 1r000M H3MEHEHNH KaK aMIUTUTY/Ibl BEKTOpa, TaK U
YIJIOBOM CKOPOCTH €ro BpaiieHus u3MeHnsiercs u dV/dt HanpsokeHus. B 3Ty MOMEHTBI U BO3HUKAIOT
JIOTIOJTHUTENbHBIE NCKAKEHUS CBA3aHHBIE C BpEMEHEM 33/I€PKKU MPOXOKIeHus curnana (tPD).

Ilpumeuanue. B popmynax (6) u (7) cmoum 3uax npubauzumenbHo, max Kax cmpozo 2080psi
xopoa u dyea He pasHvl no oauwe (puc. 16). Ho 015 evicuels wacmomul 36yK08020 OUANA30HA NEPUOO
pasen 50 MKC, a 8pemMsl 3a0epAHCKU NPOXOAHCOeHUs. CucHana peoko docmueaem 1...2 mxc. Ilosmomy dadice
071 MAKux OONLUIUX 3HAYEHUL NO2PEUHOCIb NPEHEOPENCUMO MATd.

JI1st HATISITHOCTH BEKTOPHBIX MOTPENTHOCTEN co0epeM APyryro Mojaelb, puc. 20
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Puc. 20. Pe3ynbrar n3mMepeHus: BEKTOPHON MOTPEIIHOCTH CABUHYTHIX 10 (a3e ABYX HaNpsKEHUN

(nanpumep kak B Tecre SWDT)




B pesynbrare cioxeHus IByX CUTHAJIOB B POTHBOGA3e OMH U3 KOTOPHIX 3aaepkaH Ha 100 HC Ha
BBIXO/I€ MBI IIOJIyYMJIM BEKTOPHYIO Pa3HOCTb B BUJIE CHHYCOMJAJIBHOTO CUTHAJIA TOH e YacTOThI
aMIUTATYAA KOTOPOTO MoauuHsieTcs popmyie (6):

a ~=2nA*tPD/T = 6,28*60*0,1/100 = 0,377 B

B peanbHbIX yCHIIMTENSIX aMIUIMTYAA CKOPOCTHBIX UCKaKEHUH (HE IyTaTh CO CKOPOCTHBIMU
HOTPEHIHOCTSMHU WIN YTO TOKE CaMO€ - BEKTOPHBIMH MTOTPEUTHOCTIMH) MOXKET OBITh HECKOJIBKO HIKE
4YeM 110 pacdyeTy — 3aBUCHUT OT BeanuuHbl tPD 1 ero noseneHus kak B 3ByKOBOM IOJIOCE TAK U 32 €€
IIPEIEIIaMHU.

C nmpumepoM aHanM3a Ha CKOPOCTHBIE UCKAKEHUS MOJIEIIH IIPOMBIIIJIEHHOTO YCHIIMTENS Apex
HDS50 MoxHO 03HaKOMHUTRECS B [16].

YroObl OoJiee 1eTalbHO BBIICIUTH MPOIYKTHI HCKAXKEHUH (B YaCTHOCTH KOMMYTAllMOHHbIE
UCKa)KeHHsT) HEOOXO0IMMO HCII0NIb30BaTh MI€aIbHYIO 3a1epKKy. HO 3TO MOXKHO caenarh TOJIbKO B
cumynsTope. B jkene3e MOKHO coBMecTHTh TecT Xaduiepa ¢ TectoM CanoxkoBa, puc. 21.

[IepecTpanBaeMyro JINHUIO 33€PKKH MOJKHO C JOITYCTUMOM IOTPEIIHOCTBIO CIEIaTh ¢ TIOMOILBIO
npocroil RC-nienu nocrosiHHas BpeMeHH koTopoil paBHa tPD. Konnencarop cnenyer ucnonb3oBarb
BBICOKOBOJIFTHBIN, Ha HanpsbkeHrue He MeHee 250 B, a iy — ¢ oTkanubpoBaHHbIM aenuteneM. Jlis
MOBBIIIIEHUS YyBCTBUTEIILHOCTHU TIPU MCIIOIB30BAHUU BMECTO OCIIHILIOTpada CeKTpoaHaIn3aTopa MOKHO
BOCIIOJIB30BaThCs IMPOKOIOIOCHBIM PEABAPUTENbHBIM yeunuTeneM. Eciu usmepenus oynyT
NPOM3BOJUTHCS O€3 JeNUTeNs, TO pacdeTHasi eMKOCTb JIOJKHA OBITh C YU€TOM €MKOCTH COCAMHUTEIEHOTO
KabeJs.

BcnomoratenbHbIii YCUNUTENb I

BxoOHOW cuUrHan I\ 8 (4)Om
R2 R3 A
1k c¢* 10
BanaHc
aMnnuTyn ocu. B
R1 /
100 }
KOHTpONbHLIA
TecTUpyembiil yCUNUTENDb rpoMKo-
andes (HEMHBEPTUPYHOLWWIA) roBoputenb

YaaneHHblid rpOMKOroBopuTENDb

Puc. 21 brnok-cxema Xadmepa coBMelleHHast ¢ BEKTOPHBIM aHAJIN3aTOPOM HCKaxkeHul CarokkoBa

B kadecTBe THMHUY 33J]epKKH B psijie CITydaeB MOKHO BOCIIOJIB30BAThCS LEMouKoil byme BepxHero
ycunurtens. TumoBast nenovka byie cocTouT 13 mocienoBaTebHO BKIIIOYEHHBIX pe3uctopa 10 Om u
koHzeHcaropa 100 H¢, mocTossHHAs BpeMeHH Takol 1enu paBHa 1 Mkc. Kak mokasbpiBaeT mpakTHKa BpeMst
3aJIepKKH TTPOXOXKICHHUS CUTHAJIA B PEATbHBIX YCHIUTEISIX KOJIEOIEeTCs B IIMPOKUX TPeeNax: oT
JIeCcATKOB He 10 1,5 Mkc 1 6onee. [ToaTOMy MOKHO BITOJHE HCIIONIB30BaTh 1IeN0YKy byie BepxHero
ycuIuTeNs Uit GOpMUPOBAHHUS 33CPKKH HA pacueTHOE 3HAYCHHUE 3aMEHOH KOHIEHCATopa U MOATOHKON
pesuctopa R3 10 onTrManbHOTO 3HAYESHUS ¢ YIETOM BXOIHON €MKOCTH Kabens ocumniorpada.

Ecnu 3anepxkka tPD ne 6onee 100 He, TO CKOPOCTHBIE UCKAKEHUS YK€ HUUTOKHO MaJlbl U MU
MO>KHO IIpeHeOpeyb, OHM OyIyT Ha YpOBHE APYTHX BUAOB HCKaXeHHU. Eciu 3anepikka Benmuka (MOXeT
ObITh 1,5 MKC U Oosee), To Takast 33AepKKa CKOMIIEHCUPYET CKOPOCTHBIE UCKAKEHUSI, HO IPYTUE BUbBI



HCKaKEHUU (KpOCCOBEPHbBIC, HEJTMHEHHBIE) BCE PABHO MOKAXKET, 33 UCKIIOUYCHUEM TTOXKATYH UCKaKEHHI
BBI3BaHHBIX aMILIUTYIHO-(}a30BON KOHBEpCHUEH, Tak Kak (a30BbI€ U aMIUIUTYAHbIE OTPEITHOCTH OYAYT B
3HAYUTEIBbHOM CTENEHN CKOMIIEHCUPOBAHBI JIMHUEN 3a7epxkKU Ha RC-nienouke.

YacTo MOKHO yCIHBIIIATh OT «TEOPETUKOBY UTO MposBieHue ['B3 B yCUnuTensx HU4eM He
OTJIIMYAETCS OT UCKa)KEHNUH BHOCUMBIX MpocToi RC-1ienoukoii. Takoe MOXXET TOBOPUTH TOT KTO HE 3HAET
y1o RC-11e1b BHOCHT 3a€pKKY, KOTOpas IJIABHO NAJAeT 10 HYJS 3a MOJI0OCOM MPOIyCKaHUs, B TO BPEMs
Kak B ycuntensix nosenenue ['B3 (tPD) HecTabuibHOE U O4€Hb pa3HO0Opa3Hoe (4acTo co
3HAYUTEIHHBIMU BHIOPOCAMHU B MOJIOKUTENBHYIO 001aCTh U IPOBaJaMH B OTpULIaTeNbHY10). IMeHHO
xapakrep noseaeHus ['B3 u onpenenser nNpoloKUTEIBHOCTh U XapaKTep MEPEXOAHBIX MTPOLIECCOB U
BHOCHMBIX UCKQXEHUH Ha TIEPBBIX Neproaax (0COOCHHO Ha TIepBOM monyrepuose). [Ipumepsr Hanbomee
4acTo BCTpedarolmuxcs Ha npaktuke noseneHuit ' B3 B VIIT nokaszansl Ha puc. 22

| same \ overshoot
N T J
LA

Group Delay

Vout_ideal = Vin*Ku

Vout_real

\

speed error

Puc. 22. Tlpumepsl BcTpedaromuxcs Ha mpaktuke noseaeHuit B3 B YIIT

B ycunuTensx ¢ 3akpbIThIM BXOZOM (C pa3AeauTeNIbHbIM KOHAEHCATOPOM Ha BXOJIE U B JICIUTENE
NFB), B ycunutensx ¢ Boiasrogo6aBkamu a Taxkxke B DC Amplifiers ¢ cucteMoil CEpBOKOHTPOJIS
nosezieHre I'B3 ropasno cioxHee, 4acTo ¢ «ylIeTaHUEM» B OTPULIATEIbHYIO 00JIacTb.

Ha pucynke 23 nokazana 3aBUCUMOCTb CKOPOCTHBIX UCKaxxeHUH oT ['B3, a Takke B ueM ominuue
BEKTOPHBIX TOTPEUTHOCTEN OT CKOPOCTHBIX NCKAKEHUN JIByX YCUWIMTEIEH

vector error-1
vector error-2

ideal Vin"Ku

real Vout

speed error-1 speed error-2

GD1 time GD2 time

Puc. 23. JIBa npuMepa 3aBUCUMOCTH CKOPOCTHBIX UCKakeHu# oT I'B3



Ipumeuanue. Camoe unmepecroe mo, 4ymo xomv HA4a1I0 O6YPCMa, Xomv HAYAN0 MPEY20TbHOSO
cuenana nocie oopabomxku ®HY 100 Iy He umeem gvicoxou ckopocmu Hapacmanus (SR) cuenana,
Hanpomue — HAKIOH CUSHAA, A COOMEemcmeenHo U SR cyuecmeenno nudice uem Ha Opy2ux yuacmrax.
Ilosmomy smom 6u0 uckasxcenuii He umeem HuUYe20 oouje2o ¢ uckaxcenusmu muna SID koe0a HakioH
cuenana npubnuxcaemces kK npeoenvroll SR ycunumens. Ipunamo cuumamo umo 6 ycunumenuam Hi-Fi SR
odondicHa bvime He menee 50 B/mke. M36ecmuo umo MakcumanibHas CKOpOCmy HAPACMAHUSL PealbHbIX
MY3bIKAILHLIX CUCHATI08 HA 8bIX00e ycunumernel peoko npesviuiaem 0,5 B/mxc — m. e. Ha nopsaodok Huice.
Ilosmomy 8o3HukHOGeHUe uckadxcenutl muna SID 8 ycunumensix HepeanbHo.

Tem He meHee UMEHHO HA IMUX YUACMKAX (68 Hayale u KOHYye Oypcma) u 603HUKAIOM nomepu
cueHana amnaumyoou 0o 1% u oonee. Hmenno smom 6uo uckadcenuti u omeedaem 3a nomepio
MUKPOYPOBHEBOU UHopmayuu onpeoensioujell «HCU80Cmbvy 38Y4aHUS.

Tect Xadnepa u rect Xaduepa-CanokkoBa OCHOBAHBI HAa BEIYMTAHUU MPOMACIITAOUPOBAHHOTO
MepPBOHAYAIHHOTO (HOPMAJIM30BaHHOTO BXO/IHOTO) CUTHAJIA U3 BBIXOAHOTO curHana. OTCyTCTBHUE KaKHUX-
7100 (CIBIIIUMBIX) OCTATKOB JTOKa3bIBAET TO, YTO HE CYIIECTBYET TAMHCTBEHHBIX, HEM3MEPSIEMBIX
cocTaBisomux. O6a MeTo/1a MOTYT YCIIEIIHO UCIIONB30BaThCs ISl OLIEHKU KauecTBa paboThl
YCUJIUTEIIEH.

K nocrouHcTBam nociegHuX METOJJOB MOKHO OTHECTH BO3MO>KHOCTh MCIOIb30BAHMSI B KAYECTBE
TECTOBBIX JIFOOBIX CUTHAJIOB, B TOM YHCJIE U MY3bIKAJIbHBIX, & TAK)KE UX MPEACIbHYIO IIPOCTOTY HE
TpeOyIOIIYIO JOPOTOCTOSIIEro CIEeUaIbHOTO H3MEPUTEIHLHOTO 000PYI0BAHUS, YTO HE MEHEE BaXKHO.

[Ipu ncnonb30BaHUM TPEYTOIBHOTO CUTHANA NIPU OaJTaHCHPOBKE J0OUBAIOTCS pA3HOCTHOTO
HanpspKeHUs Onu3Koro kK Meanapy. [Ipu sTom ammuintyna Meanzpa OyIeT 3aBUCETh OT 3a/1€PKKU
npoxoxaenus currana tPD cnenyromum obpazom:

a = 4A(tPD)/T 9)

rae
T — nepuoj curHana, MKc;

A — amMIUIMTyZla CUTHAJIA Ha BBIXOJAX ycwinTeneu, B
tPD — BpeMs 3aJIep KKK IPOXOKACHUS CUTHAJIA, MKC

ITpu ucnonb30BaHUK TECTOBOIO CUI'HAJIA B BUJIE MEaHAPA PA3HOCTHBIM CUTHAN JJOJKEH BBINIAIETh
B BUJI€ IPSAMOM JIMHUM HAa KOTOPOH HAIPOTHB (PPOHTOB CUTHAIA UMEIOT MECTO BCIIECKU BBEPX-BHHU3
aMIUTUTYJa U IPOJIOJDKUTENIEHOCTh KOTOPBIX 3aBUCAT OT tPD.

Ilpumeuanue. Bo usbedcanue nepecpysku 6xX00a yCUIumens mecmogule CUSHAIbL NPONYCKAIOM
yepes RC-¢punomp ¢ ywacmomoti cpeza 100 kl'y (kax 6 mecme DIM-100). B nodasnsowem borvuiuncmee
yeuaumeneu Ha 6xo0ax cmoum nooooHuvli urebmp ¢ wacmomoti cpesa 160 kly (1 kOm, 1 n®).

JU1 KONIM4eCTBEHHON OLIEHKU BHOCHMBIX CKOPOCTHBIX MCKAKEHUH (M3MEPEHHS UX aMIUIUTYbl U
JUIMTEIIFHOCTH) JIyYIlle BCETO MOIb30BaThCs OCIMILIOrpadom.

CeronHs NPOEKTUPOBAHUE YCUIUTEIEH HE IPOUCXOAUT 0€3 MPeaBapUTEIBLHOIO UX
MOJIETTUPOBAaHUs. BEKTOpHBIE MOTPENIHOCTH MOTYT OBITh U3MEpEHHI Mo JlocTaiy, a Bce Ipyrue BUIbI
UCKa)KeHUH (HeITMHEWHbIe, KPOCCOBEPHBIE U CKOPOCTHBIE) — KOMIIEHCAIMOHHBIM METOJIOM C
MCIIOJIb30BaHUEM HUJI€AIbHOMN JIMHUHU 33JI€P’KKU PaBHOW BPEMEHM 3a/1€P>KKU MPOXOXK/ICHUS CUTHAJIa Ha
TecTupyeMoi yactore. [Ipu npoBeieHMH N3MEpEeHUil ¢ LeNIbI0 NOBBIIEHHS] TOUHOCTH CIeIyeT TIATeIbHO
IPOBOAMTH HACTPOMKY: KaK MOXXHO TOUHEE OMPENETUTh KaK KOd(PUIMEHT yCuieHus, Tak u tPD.

Cnoco0bl U3MepeHnii JMHAMHYECKHX HeJTUHEeHHBIX UCKakeHui [17].

OpvH U3 TIMPOKO MIPUMEHSIEMBIX CITOCOO0B U3MEPEHUS TUHAMHYECKIX HEIMHEHHBIX UCKAKCHUH -
TaK Ha3bIBACMBI CIIOCO0 «CHHYC-TIPSIMOYTOJIBHBIX CUTHAJIOBY. MI3MepUTenbHBIM CUTHAJIOM CITY)KUT
MOCJIEZIOBATEILHOCTh MPSIMOYTOJIBHBIX UMITYJIBCOB € 4acTOTOM cnemnoBanus fi = 3,18 k['11, Ha KOTOpYyIO
HaKJIaJIbIBAETCSl TAPMOHUYECKHM curHal 4acToThl f> = 15 k['11. CooTHOIIIEHNE aMIUTUTY/T HAITPSIKCHU I
curnanoB Ui : Uz = 4: I, ckopocTs HapacTanus curHanos orpannuuBaercs HU-punsrpom Ha RC-3BeHbsx,
rpaanyHas yacrtora ¢uibrpa fir =30 u 100 xI'11 (coorBeTcTBeHHO DIM-30 11 DIM-100). Mepoit
HEJIMHEWHBIX UCKAXKECHUN CITY)KUT OTHOIICHHE Y(()EKTUBHBIX 3HAYCHUN TPOAYKTOB HHTEPMOAYIISAILIUHU K
aMILIUTY/I€ TAPMOHUYECKOTO CUTHAJIA.



Jpyroii crioco® 0CHOBaH Ha MCIIOJIb30BAHUN U3MEPHUTEIHLHOTO CUTHATIA, KOTOPBIN COCTOHT U3 JBYX
FapMOHHYECKHX CUTHAJIOB OIMHAKOBOW aMIUIMTY/Abl, HEMHOT'O pa3nyaroluxcs 1o yacrore. Takumu
NapHBIMU YaCTOTaMH MOTYT ObITh, Haripumep, fi = 14 u f> =15 k['u wm fi = 19 u f> = 20 x['u (CCIF-IM).
Mepoii HCKa)KeHHI CITY>KUT OTHOIIEHHE () (DEKTUBHBIX 3HAUCHUN aMILTUTY/I MPOTYKTOB WHTEPMOIYIISIITUN
mfi + nf> kK aMIIUTYIe OCHOBHBIX CUTHAJIOB.

Tpetuii crtocod - crocod MuI000pa3HbIX CUTHAJIOB - OCHOBAH Ha MCITOJIb30BAaHUH CUTHAJIA
n1000pa3Hoii (hopMbI € YacTOTOM cienoBaHus UMITynbCoB fi = 20 k11, KOTOPBIN TEPHUOAUYECKH (C
yactoroil f: = fi /256) menseT nonsapHOCTh. MckakeHus1, BEI3bIBAEMbIE OTPAaHUYCHHOU CKOPOCTHIO
HapacTaHWs CUTHAJA, MPOSBISIOTCS B BUJE MEPUOUICCKUX (C 4aCcTOTOM f> ) cMemeHnii cpeqHux
3HAUECHUI TOCTOSIHHOM COCTABJIAIONICH HAapsiKEeHNs. Mepoi UCKaXEHUW CITY>KUT OTHOIIIEHUE YPOBHEH
ATOT0 HU3KOYACTOTHOTO HANPSKCHUS U MIIO00PA3HOTO CUTHANIA.

CrnenyeT OTMETUTH YTO pacCCMOTPEHBI JaJIEKO HE BCe METOAbI TecThupoBaHus. Hanpumep, B 0630p
He Bomesn Metoj oopatHoi uaTepMonysiiin (RIMD) Xwuparu [ 18], a Tak:ke METOI TECTUPOBAHUS
Xwupara [19]

UYro kacaercs npuMeHeHuss NFB 151 CHUKEHUSL HCKaXEHU, TO TIO 3TOMY ITOBOAY €CTh HECKOJIBKO
aBTOPUTETHBIX BbIcKa3biBanuil. Hanmpumep, Kupuin Xammep B uHTEpBBIO CKa3an cieayromiee [20]:
«be3ymnpeunoe ObICTpOAEHCTBHIE HE MEHEE BaXKHO. DTO 0COOECHHO BepHO Uis ycunuTenei ¢ oouieit NFB.
Teoperrnyeckass KOHLEMIUS OTPUIATEIHLHON 00pPaTHOM CBSI3U — OYEHb MOIIHAS, U YIPOIIEHHbBIE
MaTeMaTH4eCKUEe ypaBHEHUS, OMMCHIBAIOIINE 3Ty KOHLEIIINIO, BCEraa octatorcs B cuiie. Ho onun
JENCTBUTENbHBI TOJBKO B TOM CIIy4ae, €CIH MPOEKT YUUTHIBAET OrPAaHUYEHHUS KOHILIECTIIUH. 3aJepikKKa OT
BXO0J1a JI0 BBIXOJIa TOJKHA OBITH HYneBoi! O4eBHIHO, UYTO B peaTbHOM KU3HU 3TO HEBO3MOXKHO.

EcTp aBa cnocoOa pernieHwus 3Toi mpoOIeMBbl:

1. BeI mpocTO HE MpUMEHsieTe HUKaKoi oTpunarenbHoil FB BooOIe B cBOEM mpoekTe (0TKa3hIBasICh OT
MPEUMYIIECTB KOHIIETIIIHH).

2. Bol yckopsieTe OBICTpOIEHCTBUE YCUITUTENS 0 YPOBHS HECKOJIBKO HAHOCEKYH/I 3a/ICPKKU BPEMEHHU OT
BXOJIa JI0 BbIX0J1a (COOTBETCTBEHHO Mosioca yactot 200 MI...), Torga ommOKu KOMIEHCAITUHA HACTOIBKO
MaJibl, YTO HE OKa3bIBAIOT HUKAKOTO 3aMETHOTO BO3/ICUCTBUS HA 3BYK.

Kak TonpKko BBI peniuTe MmoiTH 1o BTOpOMy IyTH, BHE3AITHO BOZHUKAET MHOYKECTBO HOBBIX
poOJIEM: TETUIOBBIC PEKUMBI, CTAOMIILHOCTh HANIPSKCHUS MUTAHUS, KOHCTPYKITUS, COOTBETCTBYIOIIIAS
BBICOKOYACTOTHBIM yCTPOMCTBaM, BOBHUKHOBEHHE IIIYMOB, HABOJOK U T.I.»

31ech yMECTHO BCIIOMHUTB BbIcKa3biBaHne Maprtuna Komnomcea [21]:

«VH)XUHUPHUHT MOXET MHOTO€ 00BSCHUTH O MUpE 3ByKa. OHaKO, KOT/ia 3TO HE MOXKET OObSICHUTH
YTO-TO, HAUMHAETCS HAcTosIIee Becelibe. HEeKoTophie acmiekThl BOCIPUHUMAEMOTO Ka4eCTBa 3BYKa HE
OOBSICHSIIOTCS yCTOsABILIEHCS TeopHell. PacTeT momo3penue, 4To HEKOTOPbIE U3 ATUX ACHEKTOB - MOTEPS
€CTECTBEHHOTO TeMOpa; CKy4HOE, MEHEEe BhIPA3UTEIHLHOE UCIIOTHEHNE; MTOBBIIICHHAS CITyX0OBast
YCTaJIOCTh; M OTCYTCTBUE )KM3HU U SHEPTUU B BOCIIPOU3BOIUMOM 3BYKE - MOKET OBbITh CIIEICTBUEM
NPUMEHEHUS OTPHULIATEIbHON 0OpaTHOM CBSA3ZH.»

[TepBoMy IyTH MHOTO BHUMaHUS YA 3aciyKeHHbIN Tpodeccop MankonsM Xoykchopa
MIPEIOKUB BHICOKOJIMHEWHBIE KACKA Il YCHIICHUS C KOMIICHCAIEeH UCKaKEHHH, B TOM YHCIIE U C
nonoxkurenbHoit OC (ITOC) o Toky BeIxona [22].

[Tpon3BoaMTENM BHITYCKAIOIINE JIBAa TUIIA YCHIIUTEIIEH IIOCTOSSHHO COPEBHYIOTCS MeX 1y co0oii. 1
XOTsI IEPBbIE YCHIIUTENH (POPMaTIbHO UMEIOT OONBIINI YPOBEHb UCKAKEHUI U3MEPEHHBIX Ha
CUHYCOUIANIbHOM CHUTHAJIC B YCTAHOBUBIIIEMCS PEXKHME B CYOBEKTHBHBIX T€CTAX MOOSIUTEISIMH Yallle
BCETr0 OKa3bIBAIOTCSI NYMEHHO OHHU.

Hanpumep, /Ixedd Poynenna cunrtan uro «ycunurenu ¢ OOC BHOCAT UCKaXEHUSI BO BPEMEHHON
obnactuy mostomy pazpadoran 6e30CHbIIM yeunuTenb «model 7» B Tpex MonuduKaIusax OTIHIarOIINXCS
Kak ycunurenasimu Hanpspkenus (YH), Tak u BeixogasiMu kackagamu (BK) — texHuueckue pemieHus He
pacKpbIBalOTCA. XapaKTepHOU 0COOEHHOCTBIO 3TUX MOJIEJEH SBIISETCS MOCTOSIHCTBO BBIXOAHOTO
COTMPOTHUBIICHUS BO BCEM 3BYKOBOM JIMaNa30HEe, YPE3BBIUANHO BBHICOKASI HATPY30YHAsi CIIOCOOHOCTS (/10
150 A-niuk) m agexBaTHas peakuus (B ¢asze) Ha BHeNTHEee Bo3aeicTBrUE B BUAe MpoTuBo-IJIC akyctuku. U
XOTsI 110 3ByYaHUIO OHM UMEJTH HEOOMbIINE OTIHYHS, TEM HE MEHEE MOTYYHIIN BRICOKHUE OIICHKH Y
npodeccHoHaNOB U JIOOUTENIEH KaueCTBEHHOTO 3BYyKa.

JlocTaToyHO CKa3aTh, YTO OTJEIBHBIE KOMIOHEHTHI KOMITAHUY HEBO3MOXKHO IPUOOPECTH JaKe Ha
BTOPUYHOM PBIHKE - Takue ycuiutenu kak, "Coherence", Model 7 u Model 9, ctanu paputetamu u
JKUBOU JIETEHJI0M CpeaU MEJIOMAHOB.

BTtopoii myTh UCTIONB3YET JIeTeHAAPHBIA Pa3padO0TUYMK U KOHCYJIFTAHT HECKOIBKUX ayJTHOKOMITAHUMA



Jlxon Kepn (John Curl). ITpu aTOM OH npuaep>kuBaeTcs CIEAYIONIHNX MPaBHIL:
— CKOPOCTb HapacTaHus BIXOAHOTO HampshkeHus He meHee 100 B/Mkc;
— YacToTa MEepBOTro MOJIKCa KaK MOXKHO BBIIIIE 3BYKOBOTO Jana3oHa (kenarensHo He Hike 100...200
kI'w);
— MHUHHMAalbHasi oOpaTHas CBS3b, a JIYUIlE €€ OTCYTCTBUE;
— pabora BBIXOJHOTO Kackazaa B kiacce A 1o 10 Bt u Gonee (cMardaer KOMMYyTallHOHHBIC
HCKAKEHUSA);

— KakK MOXKHO HUE YPOBEHb HEUETHBIX TAPMOHUK BBHICOKOTO MOPSIKAa HAUYMHAs C S5-I U BBIIIIE;
—  I10 BOBMOXXHOCTH M30€eraTh MPUMEHEHHS JPOCCENs Ha BBIXO/E ISl 00eCTIeueHus] yCTOMUNBOM
paboThI Tak KaK APOCCCeIb ¢ MHIYKTUBHOCTBIO TaXKe J0JIM MK H BHOCUT CYyIIIECTBEHHYIO

3aJIep’KKY U B COUETAaHUU C PEaKTUBHOI Harpy3Koi MOXKET CO3/1aBaTh MEPEXOAHbIE MPOIECCHI
KO0J1e0aTeIbHOTO XapaKTepa;
— KaueCTBEHHOE MUTaHue JAJIS KaXKI0TO KacKaja.

OH TaKXe MoJIeIUIICS IKCIEPUMEHTOM IPOIEMOHCTPUPOBAHHBIM CBOMM COTpYIHUKaM 0koJo 40
Jet Ha3aj. B kauectBe ycunurens Obl1 ucnoib3oBaH Electrocompaniet pazpabotku Otana, a B KauecTBe
BY-rpoMkoroBopuTens J€HTOUHBIA TBUTEP KoMnaHuu Pioneer ¢ nmonocoii Oonee 45 kI'u. B kauectse
TECTOBOIO CUTHAJIa OH UCIIOJIb30BaJl IPSMOYTOIbHBIN CUrHai (Meanp) yactoToil 5 kI 11 06paboTaHHBbIH
nepekirodaemMbiMi pusTpamu HY nepBoro nmopsaka 35 u 100 x['m. Ipu 3ToM BpeMst HapacTaHus
¢dponHTOB MeHs10Ch ¢ 10 MKC 110 3,5 MKc. Bee coTpynHukn ycnblmanu pasHuiy B 3Byke. M3 aToro
IIPOCTOrO SKCIEPUMEHTA OH CJIeJ1ajl BBIBOJ YTO YEJIOBEUECKUN CiIyX 00Jiee UyBCTBUTENIEH K CKOPOCTH
U3MEHEHHUs CUTHAJIA, YeM K (PaKTHYeCKOM YaCTOTHOW XapaKTepPHCTHUKE.

Bonee moapo6HO ¢ ero uaeonorueit MOXXHO 03HAKOMUTKCS B [14], a Takke B psijic BRICKA3bIBAHUM
Ha ¢opyMax, B yacTHOCTH [23].

Hanpuwmep, B unrepssio [20] Henbcon [lacc ckazan cienyroiee:
«ITocnenHue gecaTs JIET ele pa3 NpOoJAEMOHCTPUPOBAIIH, YTO BBICOKOKAYECTBEHHBIE YCUIIUTEIH C
MCKAXEHHUSIMH JTOJU MUIIMOHHBIX U IPYTUMH NIPEBOCXOAHBIMU XapaKTEPUCTUKAMU HE OUYEHb MOIMYISPHBI.
OT0 KaK 4McTasi IUCTUIUIMPOBAaHHAS BOJIA - Y HEEe HET BKYCa, U OOJIBLIIMHCTBO JIOJIEH HE XOTAT €€ MUTh. »

[ToaTOMy HE YIUBUTENBHO YTO MHOTHE HIMPOKO U3BECTHHIE MPOU3BOIUTENN Takue Kak: Ayre, Akai,
Denon, darTZeel, Denset Beat, Krell, Lamm, Pass Laboratories, Pioneer, Rowland, Sony, Tandberg,
Threshold u npyrue Brimryckanu monenu 6e3 odmeir NFB. A takue kommannu kak NAD cramu
MIOJHUMATh YacTOTY IMEPBOTO MOJIIOCA BBIIIE 3BYKOBOTO AMANIa30HA OFPaHUYMBAs IPU 3TOM NIETIIEBOE
YCHUJICHUE.

B onnom u3 nnepssio B.1ymypun (Lamm) npuBen cnenyromuii npumep:
"V Hac Tpu ycunurens: oguH umeet 1-2% uckaxxenuil, npyroit — 0,1% nckaxxeHuit, TpeTuii —
TBICSIYHBIE JOJIH MPOLIEHTA. Bee 3To MBI ciiyniaem uepes3 aKkyCTUYECKYI0 CUCTEMY, KoTopas umeeT 5%
UCKaXeHUN. TeopeTndecKkr Mbl HE JOJKHBI CIBIIIATh Pa3HUILY — TOJIBKO MOYEPK aKyCTUUECKON
cuctemsl. Ho MBI IpEKpacHO CIIBIIKM, YTO YCHIIMTENIM 3BYy4ar no-pazHomy. [lapanoke, npasga? OtBer Ha
3TOT BONPOC HANTH HE TaK MPOCTO. Y MEHS YIILIO HECKOJIBKO JIET, YTOOBI IOHSTh, KK HA HETO OTBETHUTH."
IIpaBia OTBETOM OH TaK W HE NOJEIINJICS...

ITo mkane PakoBckoro THD ctout Ha HU3LIEH CTYIIEHH KOPPEISLUM C KAY€CTBOM 3ByKa. Kyna
Ba)KHEE YENIbHBII BeC BBICHIMX HEUETHBIX TAPMOHUK HauWHas ¢ 5-i U BbIlIe (0COOEHHO 7-1 U 9-i1).

Jlxon Kepit co cchutkoit Ha Hemerkuii «CripaBoOYHUK pa3paboTKu paguoTpoHoB» 1941 roga
MPUBOANT TaKUe BeCOBbIe KOO PUIIMEHTHI AJisi TapMOHUK [14]: N2/ 4 (N B crenenu 2 nenenHoe Ha 4) s
Ka)X101 TapMOHUKU. B TakoM ciiydae Bropasi FapMOHHKA UMEET BECOBOU K03(pPULMEeHT paBHbIH 1, a
HanpuMmep, 7-s1 — yxe 12,5 (1a 22 nb Boime).

bonee toro, THD He yuuThIBaeT Takoi CKOPOCTHOM NapameTp Kak BpeMs 3a1ePKKH IPOXOKIACHUS
curHana (time Propagation Delay) u ero noseneHue aajaexo 3a rnpejesiaMy 3ByKOBOTO JJana3oHa. A Belb
uMeHHo ['B3 oka3biBaeT Haubobliee BIUsSHIE Ha KauecTBO 3ByKa. IHW nsmepsier uckaxxeHus B
YCTaHOBHBILEMCSI peXUME (T.€. IO OKOHUYAHUH MEPEXOTHBIX MIPOIIECCOB) U HE YUNUTHIBAET UCKAKEHUS BO
BpPEMEHHOW 00J1acTH (CKOPOCTHBIE U TIEPEXOIHBIC UCKAKEHHUS).

Yro KacaeTcs BIMSHUS TAPMOHHUYECKUX COCTABIISIONIIMX HA TEMOpP 3ByKa, TO 3TO OMKCAHO OoJiee
80-tu net Hazax [24]:

“Bropast rapMOHHUKa J100aBIISET SICHOCTH U SIPKOCTH, HO HE OoJiee TOro, HOCKOIbKY OOIINH
MIPUHITAIT 3aKJIF0YAETCs B TOM, YTO JI00aBJICHNE OKTAaBbl HE MOJKET BHECTH HUKAKHX Pa3IMIdil B TeMOpe



WM XapaKTePHOM MY3bIKaJIbHOM KadyecTBe. Korna BTopas rapMOHUKA UMEET TaKylO XK€E CUILY, UTO U
nepBasi, OHa MPOU3BOJUT MOUTHU TaKoH ke AP deKT, Kak J00aBIeHUE OKTAaBHOTO COSIMHUTEIIS HAa OpraHe
win (UCTAPMOHMH WIIM UTPA OKTaBaMHU BMECTO OT/ENBHBIX HOT Ha (popTenuaHo.

TpeTbs rapMOHHKA CHOBA JOOABISIET HEKOTOPYIO SIPKOCTh M3-3a CBOETO BRICOKOTO TOHA, HO OHA
TaK)ke BHOCHUT pa3jndue B TeMOpe, cryiasi TOH U 100aBIsis K HEMY XPHILIBIA WIH HOCOBOU XapakTep,
KOTOPBIN MBI MOJKEM MPHU3HATH OJTHUM M3 OCHOBHBIX MHTPEIMCHTOB TOHA KJIAPHETA.

YerBepTasi rapMOHUKA, Oyydd Ha JIBE OKTABHI BBIIIIE OCHOBHOM, JOOABIISET e11e OOoJbIle IPKOCTH
Y, BOBMOXXHO, JTayKe TIPOH3UTEIBHOCTH, HO HEe 00JIee TOTo, MO y)Ke OOBSICHEHHOW MPUYHHE.

[TaTas rapMOHUKa, TOMUMO 100aBIEHUS erle OobIero Onecka, MpuaaeT TOHy 0OraTCTBO,
OTYACTH TOXOXKEE Ha PYIIOPHOE, a IIecTas 100aBiIsieT TOHKYIO TPOH3UTEIFHOCTh HOCOBOTO Ka4eCTBa.

Bce 3Ty mecth rapMOHHUK 00pa3yIOT YacTH OOIIETO aKKOpJa OCHOBHOM HOTHI M IIOATOMY
COITIACYIOTCSI C 3TOM HOTOM U APYT C APYTOM.

OpHako cenpMasi TapMOHKKA BHOCHUT 3JIEMEHT JUCCOHAHCa. To e caMoe BEpHO JJIs ICBSATOM,
OJIMHHAIIIATON, TPHHAIIATON M BceX 00JIee BEICOKMX HEUETHBIX TAPMOHHK; OHU TAK)KE TOOABIISIOT
JMCCOHAHC KaK Pe3KOCTh OCHOBHOTO TOHA U, TAKMM 00pa3oM, MPUBHOCST IPyOOCTh WIH PE3KOCTH B
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COCTaBHOM 3BYK. Pe3ynbTHpyloliee Ka4eCTBO TOHA YACTO OMUCHIBAETCS KaK "MeTaUTMYeCKUN

Emé B 50-x ronax Teo BunbsaMcoH nucai, 4To /Ui BHICOKOKaUE€CTBEHHOIO YCUIIEHUS 3BYKOBOTO
CUTHAJIa I0CTaTOYHO, YTOOBI Ha MakcUMabHOU MomtHOoCcTH Kr Ob11 HE Oonee 0,1 %. B Takom ciaydae
coJiepyKaHue rapMOHUK (DaKTUYECKU HE OOHAPYKUBAEMO B CAMBIX YTOHYEHHBIX T€CTaX MPOCIYIIUBAHUS
(O4EeBHIHO OH MMeEJT B BUY JIAMIIOBbIE YCHIIUTEIHN C KOPOTKUM CIIEKTPOM, K COBPEMEHHBIM
TPAH3UCTOPHBIM YCUITUTEISIM 3TO He OTHOCcHUTCs). OH Takke OTMETHIL, YTO (pa30BbIe CABUTH MEKIY
TapMOHHYECKUMH COCTABIISIONIMMHU CJI0KHOTO CUTHAJja B IMHAMUKE, 0COOCHHO Ha aTakaxX 3BYKOB,
OKa3bIBalOT CYILIECTBEHHOE BIIMSHNUE HA €CTECTBEHHOCTh 3BYYaHUSI.

N3BecTHO, UTO YCUIIUTENN ¢ HU3KUM MEPBBIM MOJIIOCOM UMEIOT (ha3y metieBoro ycuiaeHus 90
rpaj. MpakTUYECKU BO BCEM 3BYKOBOM auana3zoHe. Bot uto o atomy nosony nuiet C. Arees [25].

«IIpu da3zoBoM yrIIe IETIIEBOTO ycriIeHUs, Oim3koM K £90 mmu £270 rpaa., aMITUTyTHbIC
HEJIMHEHHOCTH NCXOAHOTO YCUIIUTENSI MPAKTUYECKH MOTHOCThIO KOHBEPTUPYIOTCS B (ha3oBbIe (T. €. B
napasuTHYIO (pa3oByr0 MOIYISINIO, TyCTh M ocnadiennyto B [bK| pa3). [Ipu aTrom mapasutHas MOIyIsIus
aMILTUTYIbI TPAKTUYECKH UCUE3AET, U MOIYyYaeMble Pe3yJIbTaThl U3MEPEHUN MHTEPMOIYSLIMOHHBIX
HcKakeHu MoryT ObITh Ha 20...30 n1b Gonee ONTUMUCTUYHBIME, YEM HA CAMOM JIEJIC TTIOKAXKET
aHaIM3aTop CHeKTpa (U ciyx B ciyyae ycunurens momHoctu 34). K coxaneHuro, UMEHHO Tak U OOCTOSIT
nena ¢ oonprmracTBOM OV 1 MHOrIMU AMP).

Bbui MONBITKM UCKYCCTBEHHO PACIIUPUTH 001aCTh MOCTOSHHOTO MIETIEBOTO YCUIICHUS C
MOMOIIIBIO JIBYX-IIOJIOCHOM KOppeKiuu. Ho 3To 1aeT ToNbKo ylydlleHue U3MepseMbIX apaMeTpoB
(THD), xauecTBO 3BYyKa IIPH 3TOM TOJIBKO YXYALIaeTCs U3-3a U3MEHEHUH XapakTtepuctuku ['B3.

ITo moBoay pabotel NFB B ycunutensx 3BykoBoi 4acToTel Yapiau XaHCEH MUIIET CICTYIOIIee
[26]:

«YT0 KacaeTcs UCMONb30BaHUs 0OpPaTHOI CBsI3U B 3BYKOBBIX CXE€MaX, MbI YK€ 3HA€M, UTO 3TO HE
paboTtaet Tak, Kak pekiamupyercs. Vaes COCTOUT B TOM, YTO BBIXOTHOM CUTHAII CXEMbI CPAaBHUBAETCS C
BXOJHBIM cUTHaJIOM. JIt0ObIe pa3nuuus (IITyM WIIM UCKaXEHHUE JIFOOOTO TUTIA) BEIYUTAIOTCS U3 BXOJISIIETO
curnana. Ho eciu Ob1 3TOT nporecc padboTai npaBUIIbHO, TO BCE YCHIIUTENH 3By4ai Obl OJMHAKOBO,
MOCKOJIbKY BCE€ OHH HUJI€aTbHO BOCTIPOU3BOAMIN Obl BXOAHON CUTHAI.

K coxanenuto, peaJbHOCTh HECKOJIBKO OoJiee 3amyTana, ueM Teopusi. Ha camom nene Kaskabiit
YCUIINTENb 3BYYHT MO-pazHoMy. [IprMeHeHue oTpuiaTenbHoi 00paTHOM CBA3M HUKOMM 00pa3oM He
IIOMOT'a€T ATOMY.

Paziiuuus Mexay 3ByKaMu yCHJIUTe el ¢ 00paTHOM CBSA3bI0 He MEHbIIIe, YeM Y yCHJIuTe el
0e3 oOpaTHoii cBsI3u. DaKTUYECKHU, B LI€JIOM, HALI ONBIT MOKA3bIBAET, YTO YCHJIUTEIH C HYJIeBOi
00paTHOI CBSA3BI0 MMEIOT TeHIEHIHIO 3By4aTh oJiee MOX0xKe APyT Ha APyra, 4eM THNIMYHbIE
YCHJIUTEJIH ¢ 00PATHOM CBA3BIO.

T'opa3no Jry4ymmii moaxoa COCTOMT B TOM, YTOObI POCTO CIPOEKTHPOBATH CXeMY, KOTOPas 10
CBOCH CyTH SIBJIsIeTCS JINHEHOM, 10 TAKOH CTeNeHH, YTO BKJIAJA HCKAKEHUH OT yCHiIuTe s Oyner
3HAYMTENbHO (Hanmpumep, B 10 pa3) Huxke UCKAKEeHUIl, BHOCUMbIX TPOMKOropopurteassmMu. Ilpu
BBINOJIHEHUH ITOI0 YCJIOBHS HET OCHOBAHMII IPMMEHATH 00PaTHYIO CBA3b. JII000MY, KTO 3HAKOM €O
3BYKOM YCUJINTeJIEH ¢ HYJIeBOi 00PaTHOM CBA3bI0, OyleT TPYAHO BEPHYThHCSI K TPAAUIIUOHHBIM
KOHCTPYKIHMSAM.)



HckaxxeHust BO BpeMsl ePeXoAHbIX MPoLeccoB.
["apMoHMYECKHI CUTHAJ OMKUCHIBAETCS CASAYIOmEeH (popmMymo:

A cos (®ot + @o)

rae

A — aMIIIUTy/Ia cUrHana,

o = 27tfo — Kpyromas 4acToTa,
(o — HavaybHas Qasa.

ITpu 3TOM A — BeJIMYMHA NTOCTOSHHAS, a CIIEKTP CUTHaja COCTOUT U3 OJHOW €AMHCTBEHHOM
COCTABJISIONICH C YaCTOTOM Mo — MOHOXPOMAaTHYECKUI CIIEKTP.

Bo Bpems nepexoqHbIX MPOILECCOB CUTHANI CTAHOBUTCS KBA3UTAPMOHUYECKUM [27]:
s(t) = A(t) cos [wot + ¢(t)]

B otnnume ot ycTaHOBUBIIETOCS peXKUMa aMIUTUTY/la CUTHaIa A 1 HadayibHas aza ¢ 3aBUCST OT
BPEMEHHU Ha y4acTKe MepexoaHoro npoiecca. [Ipu 3tom ammiutyaa curaana A He MOCTOsSIHHA (KaK IIpH
TapMOHUYECKOM CHUTHAJIC), a CIICKTP CHTHAJIa CTAHOBUTCS CJIOXKHBIM (C IOTOTHUTETLHBIMHU
TapMOHHYECKUMH COCTABIISIFOIIMMHE) 3aBHCSIIIUM OT ToBefeHus: pyHkmu A(t). HanGonmpimm
HCKKEHHUSM (B TOM YHCIIE U CKOPOCTHBIM M3-3a KOHEYHOTO BPEMEHH MTPOXOXKICHHSI CUTHAJIA) TIOJBEPIKCH
nepBbId iepuon Oypera. B psie ciiydaeB momoOHbIE HCKaKEHUS! BUAHBI HEBOOPY)KEHHBIM TIa30M,
0COOCHHO Ha peakTUBHOM Harpyske. [To Mepe 3aTyxaHust IEPEXOTHBIX MPOIIECCOB (TEOPETHUECCKU UX
MIPOIOJDKUTENIEHOCTh PaBHA OECKOHEYHOCTH ) UCKAKEHUS YMEHBIATCst. OJTHAKO yXKe CO BTOPOTO
nepuoaa HEBOOPYKEHHBIM IIa30M OHHM MPAKTUYECKU HE BUIHBI, @ CKOPOCTHBIE HCKAKEHUS U BOBCE
OTCYTCTBYIOT.

[IpuMeHUTETBHO K YCHIIUTENISIM 3BYKOBOM Y4aCcTOTHI B 00JIe€ BBHITOTHOM TOJIOKEHUH HAXOMSITCS
YCUJIMTEIIN MOCTOSIHHOTO TOKA.

[Tpu4rHOM TOTOTHUTENHHBIX IEPEXOTHBIX MPOIIECCOB (KPOME pa3AeIUTEIbHBIX KOHIECHCATOPOB
Ha Bxozie 1 B ienu FB, a Takke cucTteMbl CEpBOKOHTPOJIS) YACTO SABISIOTCS UHYKTUBHOCTH
BKJTFOUYAaE€MbI€ Ha BBIXOJIC YCHIIUTES TTPEIHAa3HAYCHHBIE 111 00CCIICUCHHs YCTOMYMBOU pabOThI. DTH
MHIYKTHBHOCTH 00pa3yIoT MOCIIe0BaTeIbHbIN KoJeOaTeIbHbIN KOHTYP C pEaKTUBHOM Harpy3Koil B BUje
€MKOCTH JOCTHTaroIIeH B psane ciaydaeB 8§ Mk®D. [ToaToMy 1iesnecoodpa3Ho 1Mo BOZMOXKHOCTH
pa3pabaThiBaTh YCHIIMTEIU HE HYKIAIONINECS B CTAOMIN3AIUN X PAOOTHI C TOMOIIBIO MHIYKTUBHOCTH.
B psine cimywaes muist crabunuzanuu goctarodno HHAYKTUBHOCTH 0,1...0,2 MxI'H. JlocTarouHo ckazarh 4To
TaKoOW MHIYKTHUBHOCTBIO 001a1aeT mpoBo auamMerpoM | MM u amuHoi 10...20 cM uaynmii oT miaTel K
BBIXOJHBIM pa3beMaM.

[Tapy cnoB o0 BpeMeHnu npoxoxaeHus curaana (time Propagation Delay). B ycunurensx
IIOCTOSTHHOTO TOKa IpynnoBoe BpeMs 3a1epkku (I'B3) curnana umeet ropu3oHTaIbHbINA yU4aCTOK OT
MH(GPaHU3KUX YaCTOT U MEPEKPHIBAET BECh 3BYKOBOH nnana3zoH. OueHb BaKHO YTOOBI ATOT Y4acCTOK ObLI
He MeHee yeM 710 300 kI'i. Beime 3toit yactorsl 'B3 nomkHO MMETh TU1aBHBIN criaa 10 Hyid. JlomycTumo
HeOombIoe yBenuuenue ['B3 3a mpenenamu 3Toro quanazoHa. 3Ha4uTeNIbHBIE ToabeMbl [ B3
CIOCOOCTBYIOT POCTY CKOPOCTHBIX MCKKEHUH (MCKaXCHHSI BOSHUKAIOIINE B MOMEHTHI M3MEHEHHUS
YacTOTHI WM aMIUIMTYAbI cUrHajia). Haubonee mpocto ux n3MepuTh KOMIIEHCAIMOHHBIM METOJIOM C
MOMOIIIbIO TECTOBBIX CUTHANOB 4yacToTol 10 K11 (TpeyronpHBIX WM CHHYCOUAANBHBIX OYpCTOB).

Ha ropuzonTanbhbix yuyactkax ['B3 ero 3HaueHue coBIamaeT no BeJIMYUHE cO 3HayeHuem tPD.

BenuunHy BEKTOPHBIX OTPEUTHOCTEH (@) B Ipeienax 3ByKOBOTO TUaa3oHa JUis
CHHYCOMJIAJIbHOTO CUTHAJIA BBIYUCIISIIOT IO YIpoIeHHo# dhopmyne [12]:

Kpurepuem Beimonnenus tecta SWDT (/1. Xadnepa) siBisercss BeKTOpHasi HOTPEIIHOCTD He Oojiee
-60 1b Ha uacrote 10 k"1, u He Gomee -70 n1b Ha cpemHUX YacTOTaX 3BYKOBOTO Auamna3oHa [13]. Dtomy
TpeboBanuto st 4actotel 10 k[ coorBeTcTBYeT tPD = T/1000*27t = 100000/6280 = 16 HC, a Ans
yacToThl 20 xI'11 — & HC.

OpHaKo KaK MOKa3bIBAET MPAKTHKA B PAAC CITy4aeB MOXKHO MOTYYUTh BIIOJTHE XOPOIIHE
pe3yabTaThl 1o KauecTBy 3Byka rpu tPD ne 6omee 100...120 ve ((Hanpumep, MIMESIS 9.2 - 3aBucur ot



noseznenus ' B3 Boie 300 kI'11) 1 OTCYyTCTBUM HEOOXOAUMOCTH IPUMEHEHUS] MHAYKTUBHOCTH Ha BBIXO/IE
YCUIIUTES.

Yro KacaeTcs CKOPOCTHBIX IAPAMETPOB COBPEMEHHBIX YCUIUTENEHN, B YACTHOCTH CKOPOCTH
HapacTaHUs BBIXOJHOTO HAIPSKEHMS, TO, HAPUMED, TOMOBbIN ycunutenb NAD M3 uMeeT ckopocTh
Hapacranus (SR) 1000 B/mke; HK Citation XX — 500 B/mkc; Denon POA 2400 — 500 B/mkc; HK PA-
2400 — 280 B/mkc; KR-8050 — 200 B/mkc; KR-770 — 180 B/mkc; HK Citation 22 — 160 B/mkc:
Sansui G-22000 — 175 B/MKC U T. . — nepeueHb MOXXHO TPOIOJIKATH U TIPOIOJIKATb...

Bort emie HemHOTrO0 paccyxaenuit 06 nckaxenusx u pabore NFB B ycunuremnsx [28].

I'apMoHMYecKHe HCKAKEHUS.
[TpousBoauTen yKa3blBalOT TOIBKO JHIIL 00mmMid Kr (kopeHb U3 cyMMbl KBapaTOB OTAEIbHBIX
TapMOHUK), IPU 3TOM HUYETO HE TOBOPUTCS O CIEKTPATIBLHOM COCTABE 3TUX UCKakeHUU. To ecTh
yeunutensb ¢ o0umm Kr = 0.01 % cyObeKTUBHO MOXKET OBITh KaK BeCbMa MOCPEACTBEHHBIM, €CIIU
BBICOKHC I'aPMOHHKHN HEAOCTATOYHO IMOAABJICHBI, HO U MOT' 651 6LITI> BE€CbMa MPUINYHBIM (GCHI/I OCHOBHOM
BKJIaJ] BHOCSIT HU3IIUE TAPMOHUKH).

HeBepHo paccyxaarb 00 HCKAKeHUSIX, PACCMATPUBAS TOJIbKO rapMOHNYeCKHE, 0€30THOCUTEILHO
UHTEPMOYIALHOHHBIX.

Jleno B TOM, 4TO T€ K€ HEJIMHEUHOCTH B YCUIIUTEIIBHOM TPAKTE, KOTOPBIE ITOPOKIAI0T TAPMOHHUKHY,
¢ abcooTHOM Hen30eKHOCTHIO MOPOXKIAIOT M MHTEPMOAYIALUU. M 3TO He peaMeT it 00CyX1eHus,
9TO MaTeMaTHYeCKH JToKa3aHHbI (pakT. Ha camom jejie rapMOHHYecKHe HCKAKEHHsI ITO BCEro JUIIb
YACTHBIH CJIy4ail HHTePMOAY/ISIHNOHHBIX, KOIA OHA U3 TeCTOBBIX YACTOT OTCYTCTBYeT.
HNHTepMOAY SN BBICOKOYACTOTHBIX COCTABJSIONIUX MOMAJAI0T B TOM YHCJI€E HA CPeTHUE
4acToThl, B 30HY HAH0O0JIbIIeil YYBCTBUTEJIbLHOCTH CJIyXa, U He MackupyoTcsa BU cocrapasiromummn!
HOpOF CJIBIIINMMOCTU HAa CPCAHUX YACTOTAX COCTABJISAACT OKOJIO 0 ,Z[B, X BaXKHO, YTOOBI HHTCPMOAYJIALIUA
OBUIM HUXE ATOTro nopora. MIHTepMoaynsiuy nepBoro nopsiika MOryT ObITh paBHBI TapMOHUKAM 110
aMILTUTY/IE, OTCIOZIa TpeOOBaHHE: YPOBEHb FTAPMOHHUECKUX NCKAKEHUI Ha BRICOKUX YaCTOTaX BCETO
TpakTa (B 0COOCHHOCTH 3TOTO TPYAHO TOOUTHCS B YM) HE TOJDKEH MPEBBINIATH MTOPOTa CIBIIIMMOCTH Ha
Cp€aHUX YaCTOTax.

Taxkum 00pa3oMm, il 3BYKOBOIO 1aBJIeHUs, HanipumMmep, 96 1b ypoBeHb rapMOHHYECKHX
uckakeHuii Ha BU He no/xeH ObITh 00J1ee -96 a1b (0.0016%).

BecbMma xesaTeibHO (0c00eHHO it YM) MMeTh ClIEeKTPOrpaMMbl JIJIsl Pa3HbIX YPOBHeMH
curnaja. Camoe rmaBHOE, TaKHE CIIEKTPOTPAMMEI TIO3BOJISIIOT CYAUTh O XapakTepe yObIBaHUS TApMOHUK.
JlokazaHo, 4TO CIyX 4eJoBeKa MaJlOUyBCTBUTEJICH KO BTOPOM M TPETheil rapMOHUKaM, HO oOJiajgaeT
notpsicaromiet 4yBcTBUTENBHOCTHIO (10 0.001%!!! - 100 n1b) kK BEICOKUM rapMOHUKaM, HAYMHAS C MATOM.

HexoppexTHas, «Bpeanas» padora NFB.

BrixoaHOI cUrHam OKa3bIBAETCs 3aMa3/AblBAlOIIMM BO BPEMEHH (CTPOTO TOBOPS, ITO YK€ HE TOT
CUTHAJI, KOTOPBIA IEHCTBYET ceifuac Ha BXO/E). YKE HE OYCHB MOHATHO, U3 YETr0 YTO MBI BRIYUTAEM. JTa
pasHHLa (CUTHAT OIMIMOKM) MaJoNpeaAcKa3yeMa, a YCHIIUTENb B 3TOM cIydae CYIOPOKHO MbITaeTCs
CJIEIOBATH 32 CIIOKHBIM JIJISl HETO BXOJAHBIM BO3/IEHCTBUEM, OH Ha TPAHU YCTONYHUBOCTH.

Yem MeHbIIE 3aepPKKA, TeM 00JibIIe 10JIb3bI H MeHbIe Bpena ot NFB.

Martu OTana eme B cBoeii padore 1970 roga yTBepKaani, 4To «CKOPOCTh HapacTaHUs JOJKHA
IIPEBBILIATH CKOPOCTh, COOTBETCTBYIOIYIO IIMPUHE MOJIOCH! YCUJIMBAEMBIX YaCTOT HA MHOXKUTEIb,
3aBUCANUH OoT IyOnHbI FB 1 paBHbIN kak MUHUMYM 50, MHaYe BO3HUKHYT UMITYJIbCHBIE
UHTEPMOLYJISIMUOHHBIC UCKaKeHUs, T.I.M.

BrruncienHas coriacHO 3TOMY YTBEp KJICHHIO MOTpeOHast ckopocTh HapacTanus it 20 k' u 100
Bt Ha 8 OM -- 310 248.8 B/MKC, a monoca yactor 1MI'i! MHorue nu, gake cynepcoBpeMeHHbBIS
YCWJINTENN MOTYT I10XBAaCTaThCsl TAKOM CKOpOcThi0?! COBCEM HEMHOTUE, HO OHU CYIIECTBYIOT!

3amac mo CKOpOCTH B COBOKYITHOCTH C XOPOIICH JIMHEHHOCTHIO ¥ OOJBIIIMM 3aI1acoOM I10 YCHIICHHUIO
co31aET BecbMa OJIaronpusATHHIN POrHO3 MAJIOCTH BCEBO3MOXKHBIX HCKaXCHUH CUTHAJIA, B TOM YHCIIE
MHTEPMOIYIISIIIUOHHBIX ¥ TAPMOHUYECKUX HCKaXKEHHM BBICOKOTO mopsiika. [Tocneqnue nanbomee
3aMETHBI HAILIUM CIIyXOM U OTBETCTBEHHBI 32 «TPAH3UCTOPHOE) 3BY4aHHUE.

Hazeroch uTo mpencTaBieHHbIN MaTeprall O3BOJIUT 110 HOBOMY B3INISIHYTh Ha JaBHO U3BECTHYIO



http://www.ecosound.pro/Receiver.html#1

UHPOPMAIUIO KaK K TPEOOBaHUAM MPEABSBISEMbIM K YCHIIUTEISIM BHICOKOKa4€CTBEHHOTO
3BYKOYCHJICHMS, TaK M K METOJJaM MX TECTUPOBAHMSI ISl MOJIy4CHHSI MAKCUMaJIbHON KOPPESALUU
PE3yJbTaTOB U3MEPEHUM C Ka4€CTBOM 3BYKA.
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