N cHOBaA PO U3MepeHUue UCKAKEHUN B YCHJIUTEJISIX

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

W3BeCTHO 4TO B MPOAYKTAX UCKAKEHUN CUHYCOMIAJLHOTO CUTHAJIA B YCUJIUTENSAX BOSHUKAIOT
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 IpU HENPABWIBHOM peanu3alii TaKKe MOXKET BHOCUTD JOIMOJHUTENIbHbIE IEPEXOAHbIE
WCKaXCHUS U HETMHEWHbIe HCKaXkeHUs B oOnactu HY.

B ycunuTensix BOZHHKAIOT U TaK Ha3bIBa€MbIC HCKAXXECHHS MaMsATH (memory [37]) KoTopbie Takxke
TpeOyIOT crenu(pUIEecKuX METOI0B TECTUPOBAHUS.

Jlns obecrieuenus 3amnacoB YCTOMYMBOCTH 110 (a3e U MO0 YCUIICHUIO 4acTo TpeOyeTcs NpUMEHEHNE
WHAYKTUBHOCTH Ha BBIXOJIE yCUIUTeNs. Hann4une HHIyKTUBHOCTH TAKKE MOXKET ObITh IPUUMHON
JIOTIOTHUTEIHHBIX UCKKEHUH BHOCUMBIX YCUIIUTEIISIMU TIPU pab0Te HA peabHYI0 PEAaKTUBHYIO HArPY3KYy.

B psine onepaninoHHBIX yCHIIUTENEH B pa3zesie 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 €10 3HAYCHHE B
crienudukanusax. B BEICOKOKaYeCTBEHHBIX YCUITUTENSAX ATOT IMapamMeTp peako npesbimaeT 100 HC 1 umeet
MOCTOSIHHOE 3HaueHue kak MUHUMYM 710 300 k['i. A B HEKOTOPBIX MPOCTUPAETCS A0 HeCKOIbKUX MI 1.

[Tocrostaras Bpemenu RC-1ienu ¢ TakuM 3HaUY€HHWEM COOTBETCTBYET 4acToTe cpe3a 1,6 MIm. S
HEOIHOKPATHO BCTpPeUas BOCTOP>KEHHbIE OT3bIBBI O paboTe yCHIIUTENIEH MOCTOSHHOIO TOKa € TOJI0COH
npomyckanus 1...2,2 MI'.

B pa6ote [33] Henbcon [lace mumier cienyromee:

«C OIHOM CTOPOHBI, TO3UIIMSI COCTOUT B TOM, UTO «0OpaTHas CBSA3b J€JNaeT yCUIUTENN
coBepiIeHHbIMIY. C Ipyroil CTOpoHbI, «0OpaTHAsI CBSI3b — 3TO TPO3HBIN CYKKYO, KOTOPBII BHICACHIBACT
JKU3HBb U3 MY3bIKH, OCTaBJISIS 3aCOXIIYIO MIETYXY, JUIICHHYIO «IyIITN.

OOpatHast cBsI3b — OYEHb OOLIMPHAS TEMA, U S OTPAHIYYCh HEKOTOPBIMU MPOCTHIMU
KOMMEHTapHUsIMHU K YI€OHUKY U 0OCYKICHHEM SIBJICHUH, CBI3aHHBIX CO CI0KHOCTHIO HCKAKCHHI,
CO3/1aBaeMbIX KacKaJaMu HEIMHEHHOTO yCUIICHUS, OTPULIATEIbHOI 00paTHOW CBSA3BIO M 3BYKOBBIM
CUTHAJIOM. B3sTble IO OTIENIBHOCTH, 3TU SBICHUS KaXKYTCsI IOCTATOYHO MPOCTHIMH, HO KOTJla OHU
B3aUMOJICHCTBYIOT, OHHM CO3/1al0T UCKaKEHHUSI, HEIPONIOPLIUOHATIBHBIE TOMY, YTO BBl OKUIAETE OT
cnenuguKanui, NPUBEACHHBIX B OpOIIIOpax O MPOAYKTaX.»

B unrepssio [29] nerenaapHbIil pa3paboTurk ayuo MPoayKTOB 6€3 MPUMEHEHHS OTPHUIIATEIbHON
oOpatHoii cBsi3u Yapies XaHceH Oynydnd My3bIKaHTOM U (PU3UKOM 10 00pa30BaHMIO TOBOPUT CJEIYIOIIEE:

«Hacrosias mpo6iema 3aKIrouaeTcsi B TOM, YTO MOYTH HET U3MEPHUMBIX IMapaMeTpOB, KOTOPHIE
KOPPEIUPYIOT C BOCIIPUHUMAEMbIM Kau€CTBOM 3BYKa.

Yx0/M03r ropazio 6oiee UyBCTBUTENIEH K HH(OpMAIMY, CBSI3aHHOM CO BpEMEHEM, YeM K JIF00oMYy

JIpyroMmy mapamerpy.

B anasioroBbeIx cxemax KOHTYpbl 0OpaTHOM CBSI3U MPUHUMAIOT 3a/IepKaHHbII 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
KOTOpPO€ OTYETIIMBO CIIBIIHO. MaTemaruka (1 TecToBO€ 000py0BaHKE) TOBOPUT HaM, UTO KOPPEKLIUs
IPOMCXOIUT JOCTATOUHO OBICTPO, HO HAIIIM YIIH FOBOPSAT HaM COBCEM JIPYTO€.)»

JleficTBUTENBHO, ISl IEPUOAMYECKUX CUHYCOUIAJbHBIX CUTHAJIOB CyMMHUPOBAHHUE CABUHYTHIX IO



¢aze cUrHanoB JaeT CHHYCOUIANbHBINA CUTHAJI TOUHO TaKOH k€ ()OPMBI, HO MHOW aMILTUTY/bI.
[TosiBnenue ¢a3zoBOro cABUTa CBA3aHO C U3MEHEHHUSIMH aMIUTUTYIHOU XapaKTEPUCTUKH U B
YCTaHOBHBILIEMCSI PEKUME TAK)KE HE BHOCUT JIOTIOJIHUTENIBHBIX TAPMOHUYECKHX COCTABIISIONINX B
curHai, T. €. He Tporaet ero gopmy. Ho 310 Tak TOJIBKO n1s1 cuHycouianbHbIX CUTHAJIOB B
YCTaHOBHBILEMCSI PEKUME.

Jl71s HecTallMOHAPHBIX CUTHAJIOB CIOKHON (hOPMBI KAKUMHU SIBIISIOTCSI MY3bIKaJIbHbIE CUTHAJBI 3TO
HE BBITIOJIHACTCS, JUIS CIIOKHOTO CUTHaJIa (3TO Kak M I MepBOro nepuoaa Oypcra mepruoandecKoro
CUTHAJIa) HET «XBOCTHKA» MpebIAyIero nepruoa s koppekuuu nepsoro. [Ipuexasn!

[IpoTHB M3MepeHus HCKaKeHUH TiepBoro nepuoaa oypcra (Tak HassiBaeMbix FCD - "first cycle
distortion" [34]) Ha popyMax BBICTYNAIOT «TEOPETUKN» KOTOPBIE TBEPAT O KAKUX TO KOCMUYECKUX
CKOPOCTSIX HapacTaHus B Hauaje Oypcra. Hanpumep «reopetux» WM.Poros (audiokiller) yrBepxnaer uto
NEePBBIN NepUOJl AKOOBI YMHOXKAETCS HAa HEKYIO (DYHKIIHIO, OTCIOa MO U uckaxenus. [IpaBna oObsICHUTD
YTO 3TO 32 QYHKIHUS OH HE B COCTOSSHMH. CTPaHHO, HO TOT K€ CUMYIISITOP HE BBISABIISICT HUKAKUX
HCKaXEHUH MEePBOro MepHojia MTATHOTO TeHEpaTopa, MOXKHO MOoayduTh A0 10 Hynel nocie 3ansatoi B Kr,
BCE 3aBUCHT OT pa3pelieHHst KOTOPOE OTPaHUYEHO MOIITHOCTHIO KoMIbioTepa. HeonHokpaTHO
JEMOHCTPHUPOBAI YTO B HayaJse MepBoro nepruoia Curuaia npomnymiensoro yepe3 ®HY nepporo nopsinka
¢ yacroroi cpe3a 100 kI'1 CKOpOCTh HapacTaHUsI HAIIPSKEHUS IPUBEIEHHOTO K BBIXOJYy YCHIIUTEINS HE
npeseimaer 0,1 B/mke. Tem He MmeHee MHorue ycunurenu aaxe co SR=100 B/mkc (B 1000 pa3
NPEBBIMIAIOIIEH CKOPOCTh HApACTaHHsI CUTHAJA) HE CIOCOOHBI OTCIICKMBATh ATH U3MEHEHHUS CHUTHAJIA.
I'pam MbitHaps (Tak U yMep HE TTOHSATBIM) TTOJIB30BaICS 9-1 Bepcuelt MUKpOKara U ik KOCBEHHOU
OLIEHKU KOPPEJIALUH CIIEKTPa NMEPBOTo NMEpUo/ia CUTHAJA Ha BBIXOJE MOJICNIN YCHIIUTEIIS C KAYeCTBOM
3ByKa. [Ipumep puc. A u puc. B kak pa3 u npeaHa3Hau€H NPOJAEMOHCTPUPOBATh UCKAXKEHUS HaYaia
OypcTa u3-3a OTCYTCTBHS «XBOCTHKa» MPEIBIIYIIET0 NepUoa.
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Fig. A

Ha pucyHke A mokazaHo Tpu CUTHaja: CUTHAJ reHeparopa npomnyuieHHbI uepe3 ®HY 100 k' u
HOpPMAaJIM30BaHHBIM K YPOBHIO BBIXOJHOTO (CUHSIS), HOPMAJIM30BAHHbIN CUTHAJ HA BXOJIE€ YCUIIUTENS
(uepHasi) ¥ BBIXOJIHOU cUrHai (kpacHasi). B yctaHoBuBIIeMcs pexume curian tPD u BeIxogHO#H curHan
CJIIMBAIOTCS, HO HA HAYaJIbHOM Y4aCTKE BBIXOJHOM CUTHAJI HE Cpa3y MOATATrMBaeTcs Kk curuaiy tPD.
[TprunHa TaKoro NMOBEACHMSI B TOM, YTO JJIs1 KOPPEKTHOTO YCHJICHUS Hadaja CUrHaJIa HET TOTO CaMoro
«XBOCTHKa» IIPEIBIIYILEro Kackana, puc. B.
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Henocraromuit «XBOCTHK» BbIIEJIEH CHHUM I[BETOM U OJ1aroiapst 3TOMY «XBOCTHKY» OT IEPBOTO
nepro/ia BTOPOH TMIEPHOJT yKEe HE MIMEET 3TUX MCKakeHMH. Haierock MOHATHO 94TO 4eM MEHbIIe OyaeT
3aJIepKKa MPOXOXKIEHUS CUTHAJIA, TEM MEHbIIE Oy/eT 3TOT BUJ UCKaKEHUH KaK MO aMIUTUTY/e, TaK H 10
HPOJOJIKUTEIEHOCTH.

Bornee Toro, orpuniarenbHas oOpaTHast CBsA3b IUI0OX0 pabOTaeT ¢ MIyMONO100HBIMU CUTHAJIAMHU, a
Be/lb CITyX YeJloBeKa 00afaeT jJorapudMuyeckoi 3aBUCUMOCTBIO (3akoH Bebepa-dexHepa) u oueHb
YYBCTBHUTEJIEH K MUKPOYPOBHEBOW MH(OPMAIIMK 3BYKOBOTO CHTHaJIa Ha ypOBHE IIyMOB. Eciiu mpuHATH
ypoBeHb MUKpOYpoBHEBBIX curHainos 0,1% (-60 nb), To Bce uckaxkeHus: u3MeHsoUMe GopMy TaKux
CUTHAJIOB OYIIyT JIETKO BBIACIATHCS CIYXOM.

[TorrpoGyeM pa3oOparbest ¢ MOMOIIBIO TPOCTEHIeH apu(METHKH TaK JIM HEYJTOBUMBI BpEMEHHEIE
HCKa)KEHHsI 0 KOTOPBIX ynoMuHaeT Yape3 XaHceH.

[TpencraBum cede YTO Mbl UMEEM HJI€aTbHBIN YCUIIUTENb (HO COMHEBAEMCS B 3TOM) U 4TOOBI
yOenuThCsl B OTCYTCTBUM BHOCUMBIX HCKAXKEHUI MPOBEAEM U3MEPEHHE BEKTOPHBIX MorpeHocTei. Jlims
3TOTO JI0CTAaTOYHO Bocmosb3oBaThest MeTonoM SWDT Xadnepa [13] v cpaBHUTH BBIXO/IHbIE CUTHAJIBI
Mexay coboi, puc. C.
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Fig. C. CtpykTypHas cxema u3mepeHust BeKTopHbIX uckaxeHuit (SWDT) mo Xaduepy

Kak BUJIUM pa3HUlla MCKAY BBIXOAHBIMU CUT'HAJIaMU paBHA HYIII0, YTO COOTBCTCTBYCT OTCYTCTBUIO



KaKux HI/I60 BHOCHUMBIX PICKZDKCHPIFI, B TOM YHCJIC U BEKTOPHLBIX HOFpeI_HHOCTef/'I.
A Tereps oMM CUTHAI B BUE OypcTOB, puc. D
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Fig. D. IIpumep npuMeHEHUs TECTOBBIX CUTHAJIOB B BUIe OypCTOB

Kak moxasai TecT u ¢ TakKuM CIIOKHBIM CUTHAJIOM Ha BBIXO/I€ TECTUPYEMOT'0 YCUIIUTENS HET
HUKaKHX JIONOJHUTENbHBIX UCKAXKEHUI Ha MepBbIX nepuoaax OypctoB. OpHaKko He 3a0bIBa€M YTO MBI
MUMEEM JIeTIO C MJICAIbHBIM YCUIMTEIEM BXOIHAsI EMKOCTh KOTOPOTO PaBHA HYIIIO, 33J€P)KKa MPOXOKICHHS
curHana (time Propagation Delay) Takxe paBHa HyIt0. DTO TO, 4TO TpeOyeTCs 11t Oe3ynpedHoi paboTh
ycuiutens o ueM u roopuil Kupunn Xammep [20].

Teneps nepeiiieM OT UCANBHOTIO YCHUIIUTENS K OJ0OK-CXeMe PealbHOTO YCHIIUTENSI UMEIOILIEro
3aJIEPKKY MIPOXOKICHHS CUTHANA | MKC M BHOCSIIETO HEOONIbIINE NCKa)KEHHS B BUJIE CUTHAJIA YaCTOTON
20 xI'm ypoBHeMm 3 MB (peanuzoBano reneparopom V2), puc. E.
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Fig. E [Ipumep monenupoBanus nckaxeHnii BHOCUMbIX YIIT u koMreHcallmoHHbBIN METOT UX
U3MEPEHUS

Ha pucynke E nokazana cTpykTypHasi cXeMa yCUIIUTEIS COCTOSAIIAsL U3 TPEX KOMIIOHEHTOB:
uaeanpHoro yewurens X1 ¢ Ky = 30, nuauu 3anep:xku npumepHo Ha 1 mxc Ha RC-anemenTax
UMUTHPYIOIIEH BpeMs 3aJIep KKK ITPOXOXKIEHHUs CUTHAJIa B ycunurene u reseparopa V2 (20 kI'n, 3 mB)
MMUTHPYIOIIETO BHOCUMYIO YCHJIMTEJIEM 2-10 TapMOHUKY curHaia yactotoi 10 kl'.

[Momaaum Ha Bxoxa ycunutens curran yactoroit 10 k' u ypoBaem 1 B(muk).




[IpoBenem uzmepenue BekTopHbIx norpemnocteit (SWDT) u Bcex BUIOB UCKaXKEHUH
CMOJIETTMPOBAHHOTO YCUJIMTENSI KOMIIEHCAMOHHBIM METOOM.

Ha nepBoM rpaduke nokasaHnsl TpH CUTHAJA: BXOJHOW CHTHAJ PUBEICHHBIN M0 YPOBHIO K
BBIXOJJHOMY (UepHasi), BXOJHOW CUTHAJ MPUBEICHHBIN MO0 YPOBHIO K BEIXOJJHOMY U 3a/Iep:KaHHBIN Ha
Bpems tPD (cuHssI) 1 BBIXOAHOM curHai (kpacHasi). BusyanbHO Bce TpH JMHHUM CIMBAIOTCS TaK Kak
3a/IepKKa IMIPOXOXKICHHS MaJla [0 CPAaBHEHUIO C IEPUOJOM CHUTHAJa.

Bropoii rpaduk nonyueH BHIYUTaHUEM HOPMAJIU30BAHHOTO BXOJHOTO HANPSKEHUS U3 BBIXOTHOTO
U TIpeNICTaBIIsAeT c000i BekTOopHYIO morperHocTs (SWDT) mo Xadepy.

KomMneHcalinoHHbIN METO N3MEPEHMSI HCKA)KEHUI BHOCUMBIX YCHIIUTENEM 3aKJIFOUAETCs B
BBIYMTAHUU HOPMAJIM30BaHHOIO curHaia tPD u3 BBIXOAHOIO HAIPSKEHUS, YTO U MPEACTABICHO HA
TpeTbeM rpaduke. Kak Bunute, qake Ha U1€aNbHBIX KOMIIOHEHTAX MPH HATUYHH 33JCPKKU
MIPOXOXICHUS CUTHAJIa B HayaJle U KOHLE OypCTOB BO3HUKAIOT JOTOJIHUTEIbHbIEC UCKAXKEHUS aMIUTUTYA0N
6onee 250 MB uTO MHOTO 0OJIBIIIE IMUTHPYEMBIX HCKaXXEHUH YpoBHEM 3 MB.

OO6patute BHUMaHUE B KAKUX MECTaX BO3HUKIIU JONOJHUTENbHBIE HCKaXKeHUs. VcKakeHus
BO3HHKJIM B Ha4ajie ¥ KOHIE OypCTOB, TaM IJe HUMEET MECTO IIOBOPOT CUTHAJIA TI0 YaCOBOM MJIH MPOTHB
YacOBOM CTPENKHU. DTOT BUJ MCKAKEHUIN HA3bIBAIOT MOBOPOTHBIMH WJIH NEPEXOAHbIMHU
HHTepMOayassunoHHbIMH nckakeHusimu SID (Slew-rate Indused Distortion). 11 xotst Obutn
nyOIMKaluy Ha Ty TeMy, HanipuMmep [38] u npyrue, TeM He MeHee Tak U He ObUTO HaiaeHO Y(h(HEKTUBHBIX
TECTOB JJISl MX BBISBICHUSA. TONBKO KOMIIEHCALIMOHHBIA METOJI M3MEPEHHS NCKaXKEHUH sABJsieTcs Hanbomee
YHUBEPCAJIBHBIM U MO3BOJIET BBIABIIATH BCE BUbI HCKAXKEHUM.

Yr1oObl U3MEPUTH UMUTHPYEMbIE UCKaKEHHS pacTsiHeM rpaduk BOIM3u Hyms 10 +-5 MB. Kak
BHJIMM PE3YJbTaT BBIYUTAHUA J1aJ]l HaM 2-10 TAPMOHMKY B UACTOM BHUJE: MO CYTH TOT K€ CUTHAJ 4TO U V2.

Tak xak B Mmojenu B kauecte yeunutens ¢ Ky = 30 npuMeHeH uieanbHblii yCUIINTENb UMEIOLIUI
poBHy0 AUX 1 ®UX 1 Takum 00pa3oM HE BHOCSIIIUI JIMHEHHBIX UCKAXEHUH, TO B IPOAYKTaX
UCKa)KEHHI MBI UX U HE OOHAPYXHIIH.

Uto KacaeTcs JIMHUU 3aI€PKKHU MIPU TECTUPOBAHUHU MOJIENIEH peadbHbIX yernTeneil To Uropb
["anioHoB numeT cienyromee [35]: «...B 1enu "onopHoro (T.e. BXOAHOTO) CUTHANA" TOJDKHA OBITh TOJIBKO
UJIEAJIbHAS nunus 3anepxku u UJIEAJIBHBIN cymmarop (Mukurep). [IoToMy, 9T0 BCE OCTANBHOE -
uckakeHust. [TpuOnmkeHHBIN K TAKMM yCIOBUSAM 3KCIIEPUMEHT ¢ KOMIICHCAIIMEH CTaBUII C TOBApHUILEM
Marttu OTtana [36] fig. 8». C 3TUM TpyIHO HE COTIACUTHCS, TaK KaK JTUHUS 3a7epkku Ha RC-amemenTax
cama BHOCHT JIMHEHHbIE HcKakeHUs U ee ['B3 He nmocTossHHO. MBI ke IpUHMMAaeM BXOIHOM CUTHAI 3a
ATAJIOH, a 3HAYMT U €ro 3aJIepKKa JUIsl KOMIIEHCALUK TakXKe JT0JKHa ObITh nieanbHol. BmecTto
U/ICaJIbHOTO CyMMATopa B CUMYJISITOpE YI00HO MOJIb30BaThCs MpOCTeiiei apudmernaeckoii onepanueit
BBIYMTAHUS.

amplifier

iﬂqu D output
;"— 139k | | lcad
sons o 20 00

L70  L70
L pa0pFf_P
cy [ °VF

test

Fig. 8. Compensation test. Because the amplifier is an
inverting one, a position can be found of potentiometer P
where the linear component of the output signal exactly
compensates the input signal at the ‘“‘test’ point. The
momentary discrepancy signal, as scaled up to the output
level, was below 0.01 percent for powers below 5 W and for
frequencies in the audio range, and was mainly caused by
incomplete phase compensation (R, R» and C ).



Ilpumeuanue. B mo 8pems ne 6b110 nepecmpaudaemvlx UOeaIbHblX TUHUL 3A0ePHCKU, NOIMOMY
yacmo 3a0epoicku peanuzosana Ha npocmou RC-yenu.

PaccMmoTpum nmapy nmpuMepoB Ha MOJIEIISX PETbHBIX YCUITUTENCH B OJHOM U3 KOTOPBIX
MIPOSABIIAIOTCS U JIMHEWHbIE UCKakeHus. [IpoBeemM u3MepeHne NCKaXeHU KOMIIEHCAITMOHHBIM METOJIOM
Ha BbIxozie Mojenu ycunurenss BC-1 [30] curnana cocTosiero u3 mocieoBaTeIbHOCTeH OypcToB
gactotoit 10 xI['11 pa3Hoit ammutyasl, puc. F.
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Fig. F. Pe3ynbrar Tecra monenu ycunutens BC-1 ¢ momomsto OypctoB 10 k' pa3Hoi aMIDIUTYIBI
(6e3 pa3psiBa (azb).

Ha nepBslii rpaduk Kak ¥ B IPEABIAYILEM ClTyyae BHIBEIEHO TPU CUTHAJIA: BBIXOIHOW CUTHAI U
HOPMaJIn30BaHHbIE BXOAHOM U curHai tPD.

Ha Bropom rpaduxe (cunss) npuseneH rpaduk BekropHbix norpeutHocteit (SWDT) ammuntyna
KOTOpPBIX paBHa 1,5 B uTo HUKaK He ykianbiBaeTcsa B HOpMy (-60 ab) mo Xadmepy[13].

Ha tpetbem u ueTBepTOM rpadukax MpeacTaBieH pe3ylbTaT U3MEPEHHS HCKaKEHUI
KOMIICHCAlIMOHHBIM MeTO/IOM. Ha TpeTbeM rpaduke Mbl BUIUM CKOPOCTHBIE HCKAKEHUSI BOSHUKAIOIIHE
BCSIKUH pa3 NpY BHE3AITHOM IOSIBICHUN (MCUE3HOBEHUH) HANPSDKEHUS, @ TAK)KE IIPU U3MEHEHUH
aMIUIUTYAbl CUTHAJA. AMIUTUTYJA U IPOJOIKUTENBHOCTD BCIUIECKOB HE UTO MHOE KaK MOTEpPsI MOJIE3HOU
uHpopmarun! [Ipuyem oTHOCUTENbHBIE TOTEPU MOTYT OBITh TOPa30 OOJIBIIECH BETUYMHBI IS MAJIbIX
CUTHAJIOB, HAIIPUMED ISl BBICIIMX TAPMOHUK MY3BIKaJIbHBIX HHCTPYMEHTOB KOTOPBIE MOTYT OBITH IPOCTO
«CMazaHbl» WM CMEILEHbI IO (a3e B IpYryro 00JacTh B pe3yabTaTe aMIUIUTYIHO-(a30BON KOHBEPCHH.

Ha geTBepToM rpaduke mpoayKThl HCKaKEHHUH MTOKAa3aHbI B pacTHyTOM MacmTabe. Tak kak
YCUJIMTEIb UMEET CPABHUTEIIBHO OONBIIYIO 3aJIep KKy NpoxXokaeHus curnana (tPD = 215 Hce), To
oOparHasi CBS3b IJIOXO CIPABISIETCS] C KOMMYTAI[HOHHBIMH HUCKAKEHUSIMHU.

[IpoBenem aHaIOrMYHBIN TECT MOJENN ycunutens [31] y KoToporo BpeMst 3a€p:KK1
MIPOXOXKJICHUSI CUTHaJIa Ha TopsAaoK MeHbie (tPD = 24 uc), puc. G.
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Fig. G. Pe3ynbrar Tecta monenu ycunurens [31] ¢ nomorisio 6yperoB 10 k' pa3Hoit aMIumuTy sl
(6e3 paspeiBa (assr).

I'padpuxu oTpakaroiue NpoyKThl UCKAKEHUN (TPETUI U YeTBEPTHIN) MPUBEIEHBI B TAKOM XKe
MaciTade KaKk ¥ B TECTe MPEAbLAYIIero ycuinTels. TOKM MOKOosi BBIXOJHBIX TPAH3UCTOPOB B 000X
MOJIETISIX OJJMHAKOBBIE, TPUMEPHO OJIMHAKOBHIE U BBIXOJHBIE Kackabl (B 00oux momemnsix OPS - “Tpoiika
Japnuurronay), Ho Onaronaps Majnoil 3a/iep>Kke 0OpaTHOM CBA3M BTOPOM YCUIIUTENb JTyYIlle CIIPaBIIsSeTCs
C KOMMYTallMOHHBIMU U IPYTUMH BUAaMHU UckaxeHul. [Toreps monesHo nupopmanuu ceereHa
MIPAKTUYECKH K HYIIIO.

JononuuTenbHo npoBeaeM TecT yeunutens BC-1 6ypctamu nMerommuMu pa3Hble 4acTOThI, pUC.
H.
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Fig. H. Pesynsrar Tecta monenu ycunurens BC-1 ¢ nmomonisto 6yperos 10 u 20 xI'11 pazHoit
amruTyzs! (0e3 paspeiBa ¢assl).

TecToBBII CUTHAJ TIPEJCTABIIICT COOOM CIEMYIONIHE IPYT 3a ApyroM OypcThl yactortoid 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. Pesynwrar Tecta moaenu ycwmmurens [31] ¢ momorisio OypctoB 10 u 20 xI'11 pa3Hoii
amruTys! (0e3 paspeiBa ¢asbl).

31ech KaK U B IPEBIIYIEM TECTE 3TOW MOJEIN HUYTOKHO MaJIbl BCE BUJIbl NCKAKEHUM (HET HU
CKOPOCTHBIX HU JIMHEWHBIX UCKAXKEHU).

Ilpumeuanue.

Komnerncayuonnwiili Memoo uzmeperus UcKaiceHull 4yenecooopazHo npuUMeHsIms Ha dmane
npoexmuposanus ycunumens. He menee ycnewino moxicHo ucnonv3oeams 3mom memoo u 0Jis OYeHKU
pawnee pazpabomanHo2o ycuiumens 6e3 NPUMeHeHUs: Menmo008 KOMNbIOMEPHO20 MOOEIUPOBAHUS.

[Ipu usmepenuu uckasxicenuti KOMNEHCayuOHHbIM MEMOOOM BAHCHO MOYHO USMEPUMb KAK 8PeMS
3a0epaAHCKU NPOXONHCOCHUSL CUSHANIA HA MeCupyemMoll yacmome, max u koagguyuenm ycunenus. Om
IMO20 OUEHb CUNLHO 3ABUCUM NOSPEUHOCTb UBMEDPEHUS.

Jls Gornee HaISAHOTO MPEACTABIEHUS O MOTEPSIX MOJIE3HOT0 CUTHAA MIPOBEJEM JIBa TECTA
ycuiutens [32] B KOTOpOM BpeMs 3aJ€pKKU cOCTaBIsAET 1,25 MKC. YCHUIIUTEND BBIOJIHEH IO TUIIOBOM
cxeme Jlyrmaca Cenda c 3amenoit «asoiikun» BJT noneBsiMu Tpansuctopamu. B otnuune ot TunoBoit
cXeMbl 100aBiIeHa 00paTHas CBSA3b M0 TOKY BBIXOAA JJISl PETYIUPOBKU BBIXOHOTO CONPOTHUBIICHUSI.

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

B kauecTBe TecTOBOrO CHMTHaja MpUMeHeH curnai yactoroi 10 kI’ B Buge 6ypcToB
nponyueHHbIx yepe3 @PHY 100 kI'i. HaganbHelil yuacTok OypcTa Moka3aH B pacTSIHYTOM BUJIE Ha
KOTOPOM PO30BbIM IIBETOM BBIJIEJIEHBI IOTEPU MOJE3HOTO CUrHaNIa. AMIUINTYAA oTeps pocturaer 500 MB
i 1,25 %!, a uX MpoIoIKUTETEHOCTh COCTABIISET HECKOJIBKO MKC.

[IpoBenem aHaIOrMYHBIN TECT HA TPEYTOJIBHOM CUTHAIE, puc. K
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Fig. K. Ilotepu curnasna Ha BepIIMHAX TPEYTOJIbHOTO CUTHANA (Ha TOBOPOTAX HAMPSKEHUS).

Ha BepxHem rpaduke nokasaHsl Bce TP CUTHAJA: BEIXOAHON CUTHAN (KpacHas) U
HOPMaJIN30BaHHBIE BXOAHOW curHai v curHai tPD. BusyanbHo Bce Tpu curHana npakTHYeCKu
cnuBaroTcsi. Ha BTopoM rpaduke mokasaHa BepIIHA CUTHANIA B PACTSHYTOM BHUJIE TJ€ BHIHBI BCE TPU
curHajia. Po30BbIM 1IIBETOM BbIJIEI€HA ILTONIAAb TOTEPH KOTOpas 1o aMmmuintyae nocruraet 500 mB, a mo
JUTUTETILHOCTH cocTaBiseT okono 10 mkc. Ha TpeTbeM rpaduke moka3aH pe3yabTaT BEIYUTAHUS
BBIXO/IHOTO HANPSDKEHUSI M3 33JIEPKaHHOTO BXOJHOTO. 371€Ch MBI TAKKE BUIUM TOTEPH MOJIE3HOTO
CUTHAaJIa Ha KaXkJI0OM TIOBOPOTE BBIXOAHOTO HampsikeHus. Yto takoe 500 MB npu aMIiuTyzie BBIXOAHOTO
Hanpsbkerus 40 B? 91o vu muoro He maino a 1,25 % noreps undopmanuu. [IpruemM 3T moTepu HUKAK HE
CBSI3aHBI C aMILTUTYI0M MoNie3HOTo curHana. To ecthb Te ke 500 MB MOTyT OBITh MOTEPSHBI U IPU



aMIUTUTY/IE CUTHAJa BCETO HECKOJIbKO BoJbT, a 310 yxe Oynet He 1,25 %, a 1ecaTku IpoIeHTOB
OTKJIOHEHHSI BBIXOJHOTO HAMPSKEHUS OT 0XKUIAAEMOTO.

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

Hy a Tereps 000 BceM 1O OPSIIIKY.

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)) (1926 1.);

2) MeTO/IBI ABYX TOHOB (MHTEPMOAYJIAIIMOHHBIE HckakeHuss — MMU) (1934 r);

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

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

5) MeToJibl ¢ paboyuM cUTHaAJIOM (KoMITeHcaIMoHHbIA MeToT CanoxkkoBa, 1956 r.). [TozaHee »ToT MeTon
M3BECTEH Kak MeTo]l bakcananna-AKylnMHUYEBA.

3aberas Hamepe]] 100aBUM CIofla €1Ie JIBE TPYIIIbI:
6) METOJIBI pabOTHI C PeaTbHBIMK 3BYKOBBIMU cUTHanmamu Xaduepa-Kapsepa (SWDT, 1986 r).
7) MeTonbl 3MepeHus AuHaMudeckoit naTepMonyisinuu DIM-30, DIM-100 (npsimoyronbauk 3,15 k' +
cunyc 15 xI'q B cootHomennu 4:1)

Kaxxgast 13 3TUX Tpynn UMeeT Pa3HOBUIHOCTH, KOTOPBIE OTIIMYAIOTCS 110 CIIOCO00aM PETUCTPAIIH
HEJIMHEWHOCTH, BBIJCIIEHUIO MTPOAYKTOB HCKaKEHUH U T. 1.

MHoro BpeMeHu MeTojiaM TeCTUpOBaHus mocBATUI Martu Otaiia, ero uccieloBaHus JEr B
ocHoBy cTaniaptoB DIM-30 u DIM-100.

Takue pazpaborunku kak J[»xon Kepn (John Curl) ocoboe BHUMaHUE YACISIOT YaCTOTE IIEPBOTO
MOJIIOCA U BBICIIIUM rapMOHUKaM HauuHas ¢ 7-i. Tak kak oTpunarenbHas oOpaTHas CBsI3b MOJABIISIET B
OCHOBHOM HH3IINE TAPMOHUKH (2-10 ¥ 3-10) U TIOUYTH HE 3aTparusaet Boiciiue, To [Ixon Kepin crapaercs
00xomuThCst MUHUMAaTbHOU rTyorHOo OOC 10CTaTOYHOM 1)1 TOBEACHUS TPAAUIIMOHHO U3MEPSEMBIX
nmapaMeTpoB 10 MUHUMAJILHO HEOOXOUMBIX TI0 CTaHAapTaM ISl ycuurtesen kareropun Hi-Fi.

C nmpyroii cTOpoHBI Kak MmokaszbiBaeT npaktuka riryornaa OOC menee 30 n1b manosddextuBHa.

JIunn Oncon B pabore [3] nuier:

«B anexTpoHuKe KOppEeAIusa MEXKy MPOLIEHTAMHU UCKa)KEHUH U CyOBEKTUBHOM OI[EHKOM
3By4YaHUs NMPAKTUYECKU paBHA HYIIO. [ apMOHUKY HU3IIUX MOPSIKOB MOYTH HECIIBIIIUMBI B CPABHEHUU C
BEPXHUMH, XOTS OHU U JOMUHUPYIOT B I pax uzmeperuit THD! Ctpenka uamepurens cooOmaet
pa3paboTUNKy MOIHYIO EPYHAY.

ITopa oTmOXHYTH OT MH(}a TPo “OJ1ar03BYYHBIC HCKAKECHHUS W HANTH T€ pealbHbIE
TPYAHOYTIOBUMbBIE HCTOUHUKH, CO3/IAI0IINE UCKAKEHHSI B YCUIIUTENIE, KOTOPhIE OTMEYAET YEJI0BEUECKOe
yxo. Kak Tonpko MbI HaiiIeM METO/Ibl U3MEPEHUH, KOTOPhIE B CAMOM JIeJie TIOMOTAIOT, a He MPSIUyT MPaBabl
OT Hac, TO CTAHET Jierdye pa3padarbiBaTh AIEKTPOHUKY, IPY>KECTBEHHYIO CIIYIIATEI0.)

K cokanenuro 1o ceil 1eHb IepBbIi METO/ TECTUPOBAHUS SBISIETCSI OCHOBHBIM. JTO KaK B



HN3BCCTHOM aHCKAOTC: HOYbBIO MIICM NOTCPAHHBIC KIIFOUU OT MAIlIMHBI 110/ Q)OHapeM, a HEC TaM I'I€ ux
MOTEPSUIM — MOTOMY YTO TaM CBETJIEE.

C IMPUMCHCHUEM OJHOI'0O TOHA NPUMCHSJIUCH UBMCPUTCIIM HA OCHOBC MOCTOBBIX CXEM I
MOJIABJICHNS OCHOBHOTO CHTHAJa U BBIIETICHUS BCEX TAPMOHUK Cpa3y, a TAaKXKe METOJIbl Pa3ieIbHOTO
M3MEPEHUSI HAMPSDKEHUS KaXKI0M TapMOHUKHY € TIOMOIIBIO CTIEKTPOAHAIN3aTOPOB.

Opnnako HanOoJbIIIEe PACIPOCTPAHCHUE TTOTYIMIIH U3MEPHUTENIN HeTMHEHbIX nckakennit (MHI)
HAa OCHOBE PEKEKTOPHBIX PMIBTPOB. CTPyKTypHAsi cCXeMa TaKOTO U3MEPUTEIlS MToKa3aHa Ha puc. 1.

1 / 2 3
d n3MepeHune
e P N
G —> —— T —
f"""\..____,,.
KannbpoBKa _

1 - reHeparop, 2 - TecTUpyeMbii ycunurtens, 3 - UHU

Puc. 1 bnok-nnarpamMmma u3mMepuress HETMHENHBIX HCKa)KEHUI

[TorrpoOyeM pa3oOparbest B UeM ke MPUUMHA HU3KOTO PEHTHHTa 1M0I00HOT0 pojia U3MEpHUTEIEeH,
YTO K HUM OTHOCSITCS KaK K «IIPOOHHUKAaM» JJIsi KOHTPOJISl COOTBETCTBUSI YCHIIUTENEH UX crienrnUuKaiusam
B IIpoliecce MPOM3BOCTBA (B TEXIIPOLECCE).

CymiectByeT 60/1bI1I0€ MHOXKECTBO PEKEKTOPHBIX (PHIIBTPOB KaK MACCUBHBIX, TAK U AKTUBHBIX Ha
6aze OV. [list Toro yToOBI OIIEHUTH BKJIA]] HCKAKEHUH B TIOJI€3HBIN curHal Ha ypoBHe Huke 0,001% (-100
1nb) ypoBeHb 10/1aBJIeHHs] OCHOBHOM rapMOHMKH J10JkeH ObITh Ha 10...20 ab mry0Oxe, T. €. He meHee 110...
120 nb. [l Hayana pacCMOTPUM MPOCTEHIINI MacCUBHBIN QUIBTp 4-r0 nopsaka Ha yactoty 10 k' Ha
6aze LC-anemenToB, puc. 2
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Puc. 2. Pexxexropusiii punbTp beccens 4-ro mopsaka

AUYX Takoro ¢puibTpa MoKasaHa Ha pUCyHKE 3
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Kak Bugno n3 rpadpuka AUX nmogasinenre ocHOBHOM rapMoHuku nmoutu 140 nb, a 6mxkaiimas 2-s
rapMOHHUKA U MOCIENYIOIHUE NepeaatoTcs 6e3 ociaalieHusl.

Cnenyromumii napaMeTp KOTOPbIA HaC HHTEPECYET 3TO BPEMs YCTAHOBJICHHUS, T.€. BpEMS Uepe3
KOTOpO€ (PUIIBTP MOXKET aJIEKBATHO U3MEPSATh UCKaXKEHUs. J[JIs 3TOTO moiMeniaeM K OCHOBHOMY TOHY
gactoroit 10 k't u ypoBHem 3 B(muk) curran yactoroit 30 kI'1iy yposueMm 3 MxB (-120 ab), puc. 4.
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- ) 9.55m
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3uV (-120dB 0,0001%) —

Puc. 4 Cxema u3mepeHus TpeTbeil rapMOHUKHU cUTHaa yactotoi 10 k'

TpeTbio TapMOHUKY UMUTHUPYET HI€aIbHBIN reHeparop V4 ¢ 4acToTol BeIXOAHOTO curHana 30
kl'm.
3amyckaem Transient/Analysis 1 CMOTpUM pe3yibTaT, puc. 5



5.000 notch_LC—fiter_10kHz&30kHz-3u.CIR
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Puc. 5 Pesynprar nusmepenus 3-ii rapMOHHMKH C IIOMOLIBIO CUMYJISITOPA

Pesynbrar TecTa mokas3pIBaeT U4TO MEPEXOAHBIE HCKAKEHUS B caMOM (UIIBTpE IISTCs okomo 1,5 mc,
T.€ IPUMEPHO B 15 pa3 nospiie nepuoaa u3MepseMoro curHana. TakuMm 00pa3oM U3MEPHUTh HCKAKCHUS Ha
MEPBBIX MEepUOaX (KaKk 3TO BO3MOXKHO CAENaTh C MOMOIIBIO POrpaMMbl MUKpOKAI 9-if Bepcum) He
IIPEJCTaBISIETCS BOBMOKHBIM, a BE/Ib UIMEHHO Ha MEPBBIX Mepuojax (HauOoIbLINi BKIa Ha IEPBOM) U
MPOUCXOJST OCHOBHBIE UCKAKEHHSI B YCHIIMTENSAX M3-3a MEPEXOAHBIX MPOLIECCOB, KOTOPHIE OMIMOOYHO
OTHOCST K JJUHEUHBLIM HCKaKeHUIM. HanmoMHIO UTO JIMHEHHEIE UCKAXKCHUS HaCcTynaroT 10 OKOHYaHUH
MEPEXOHBIX MPOLIECCOB, T. €. B YCTAHOBUBILIEMCS PEXKUME.

W3 akTUBHBIX PEXKEKTOPHBIX (DUIBTPOB €CTh BApUAHTHI HA OCHOBE ABOHHOTO T-MOCTa, MOCTa
Buna-PoGuncona u np. Ho myOuna nomasnenus Takux GuisTpoB eaBa pocturaet 40...50 1b, 4ro siBHO
HEI0CTaTo4HO. PaccMOTpUM peskeKTopHBIN (GUIbTp Ha OCHOBE (azoBpaiarenci, [4], puc. 6
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Puc. 6 Cxema pexxexTopHOTro (hribTpa Ha (hasoBpamarensax

Taxoit GuiIbTp momasisier ocHOBHOU TOH yactoToi 10 kI'1r 6onee 95 nb, UTOOB! yBETUIHUTH
CTETeHb MO/IaBIICHHs BKJIIIOUMM JIBa TakuX (UIbTpa mocjienoBareabHo u usmepum AUX, puc. 7
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Puc. 7 AUX nmocnenoBareabHO BKIIOYCHHBIX 2-X PEKEKTOPHBIX (UIBTPOB Ha (ha30BpaIiaTesix

JloGaBuM k TecToBOoMy curHany curtai yactotoit 30 kI'u yposaem 30 mxB (-100 a1b), u
IIPOBEPUM BpEMs YCTAHOBJIEHMSI, PUC. 8

notch-fiter_10kHz&30k-30u_2-fvr.CIR
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Puc. 8 Pesynprar usmepenus 3-ii rapMOHUKU

0.800m 0.300m

TecT nmoka3pIBaeT, UTO BpeMsl yCTAHOBJICHHUS TAKOTo (hriIbTpa mouTu B 3 pasza kopoue. Tem He
MeHee HECMOTpsI Ha nojasieHue noytu Ha 50 ab Oosnblie yeM y npeapaymero Guisrpa, QUIsTp HE B
COCTOSIHUM aJICKBAaTHO U3MEpUTh UcKakeHHs faxke ypoBHeM 0,001% (-100 n1b) n3-3a BHOCHUMBIX
UCKaXeHUI akTUBHbIMU 31eMeHTaMu (OY). B kauectBe OY ucnonb3oBaHbl MOAEIN
ObicTpozelicTBYOIMX Nperu3uoHHbIX OY THma OPA627. Takum oOpa3oM axe ¢ 3TUM (QUIBTPOM
TpeOyeTcs MPOIyCTUTh KaK MUHUMYM 4 TIeprojia OCHOBHOTO ToHA. KcTaTu B MocieqHIuX BepCHsiX

1.000m



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 usmepurens HU no nmarenty SU90185

CymHoCTh mperaraeMoro crnocob6a n3mMepeHnit mosicusercst cxemoit. C 3ByKOBOTO TeHepaTopa
CIUIOIIHOT'O CIIEKTPa PABHBIX aAMILIUTY/ [ HalpsyKEHHUE MOCTYNAeT Ha BXOJ UCCIENYEMOI0O TpakTa 2 yepes
PEXEKTOpHBIN GunsTp 3, 3aaepkuBaromni y3kyto nojocy yactor ot fl1 no f2. C Beixona Tpakra 2
HaNpsKEHUE MOIBONUTCS K HAarpy3Ke 4 U NapajulelIbHO YEPE3 PEryiATop HANpsHKEHHUs 5 K ITOJIOCOBOMY
¢unbTpy 6 ¢ nonocoit nponyckanus ot fl no f2. C ¢unbrpa 6 HanpsHKeHHE MOCTYNAET HAa JETEKTOp 7 U
3aTeM Ha rajabBaHOMETD §.

[Tockonbky mosoca npomnyckanust GuiabTpa 6 paBHa mojioce 3aaepxkanusi ¢uiasrpa 3 (WiIu
HECKOJIBKO YK€ €€), TO Ha BBIXOJIE UCCIIEYEMOr0 TPaKTa, B CIydae ero JMHEHHOCTH, HE JOJIKHO OBbITh
TOKOB, 4aCTOThI KOTOPBIX JIEKAT B IOJIOCE IPONycKaHusl pUibTpa 6, ¥ raibBaHOMETP 8 HE JTOJIKEH
OTKJIOHATHCS. OTKIIOHEHUE e CTPEJIKU rajlbBaHOMETpa Oy/leT yKa3bIBaTh Ha MOSBICHHUE Ha BBIXO/E
HCCJIEyeMOro TpakTa 2 TOKOB B mojoce yacToT fl - f2, T. e. TOKOB 4acTOT, KOTOpbIE, B CHUITY
HaJIM4YMs GUiIbTpa 3, OTCYTCTBOBAIM Ha BXOJE TPAKTa.

Ot 06paSOBaHI/I$[ TOKOB B mnojoce yactoT f1 - {2 gsasrorcs CJICACTBUEM IIOSABJICHUA TaPMOHHUK



0T 6oJiee HU3KOYaCTOTHBIX COCTABIISIOLINX COAEPIKAIINXCS BO BXOIHOM CUTHAJIE, U PE3YJIbTaTOM
o0pa3oBaHMsi KOMOWHAIIMOHHBIX YaCTOT, MPUXOAAIIMXCS Ha monocy fl - f2.

OTKJIOHEHNE CTPEIKU TajlbBAaHOMETPA § MPONOPLUOHAIBHO HE TOJIBKO CTENEHU HEJTMHEMHOCTH
HCCIJIEyEMOTI0 TPaKTa, HO TAKXKE U aMIUIUTY/E HaIPsDKEHUs, IEHCTBYIOIETro Ha ero Bxoae. [l
pa3zenpHOro yuera o00ux 3TUX (aKTOPOB B CXEMY BBOJIUTCS €Ill€ OJUH MOJIO0COBOM pUibTp 9, neTexTop
10 n ranpBaHOMETp /] C TAKMMH K€ XapaKTEPUCTUKAMH, KaK Yy aHAJIOTUYHBIX 3JIEMEHTOB 0, 7, §.

C nomolb1o peryasTopa HanpspkeHus 5 B Lielb GUIIbTpa 6 BBOAUTCA 3aTyXaHUE, PaBHOE
k03¢ dunuenTy ycunenus tpakra 2. [Ipu 5ToM oTKIIOHEHHE TaimbBaHoMeTpa [/ OyaeT MpOnpIHOHAIBEHO
3.J.C. TIOJIE3HOTO cHUrHaia B mosoce yactot fl - f2, a rampBaHomeTpa & — MPONOPLUOHAIBHO
3.]1.C. UCKa)K€HHI, HOBOOOPA30BAHHOM CaMUM TPAaKTOM 2 B TOM ke Mosoce 4acToT. OTHOIIeHne
MOKa3aHUH rajJbBaHOMETpa § K MOKa3aHUSM TajJbBaHOMETpa //, MPU COOTBETCTBEHHO MOI00paHHOM
3aTyXaHUU PETYIATOpa HAMPsDKEHUST 5, OyneT SABIATHCA MEPOM HENMHEHHBIX NCKaKEHHH, CO3JaHHbIX
HCCIIETyEMbIM TPAKTOM.

Jist ymoOcTBa oTCUeTa TajJbBaHOMETPOB & U // MOKHO 3aMEHUTH JIOTOMETPOM, YTOJI OTKJIOHEHUS
CTPEJIKH KOTOPOTO MPONOPLUOHATIEH OTHOLIEHHUIO TOKOB, IPOTEKAOLIHUX T10 €0 KaTyIlIKaM.

[TockonbKy 3ByKOBasi SHEPIHsl paclpe/iesieHa 110 CIEKTPY YaCTOT HEPaBHOMEPHO, MOXKET
0Ka3aThbCs, YTO UCKAXKEHHUs1, U3MEpEeHHbIe B nojoce yacToT f1 - 2, He XxapakTepHbl 1715 PYTUX y4acCTKOB
cnektpa. [Toaromy GuibTpsl 3, 6 U 9 cnenyer cienarh NepecTpauBarOIMMUCS M0 JUara30Hy 3BYKOBBIX
4acTOT C COXPaHEHUEM HEM3MEHHOMN IIMPUHBI UX M10JIOCHI IPOITYCKaHUs (M COOTBETCTBEHHO 3aI€P/KaHuUs).
[Tpu gocTaToyHO OBICTPOI MEPECTPOIKE YIMOMSHYTHIX (HIBTPOB HpUOOp OyneT naBaTh
IIPEJCTaBICHUE O CPEIHEIHEPreTUUECKON BEIMUNHE UCKAKEHU 3a BpeMsl, paBHOE IEPUOTY
nepecTpoiiku QuibTpoB. B 3TOM ciydae, uMeeT CMbICI JETEKTOPbI 7 U /() BBIMOIHUTD MO CXEME
u3MepuTeNeil UMITYIbCOB C COOTBETCTBEHHO 1O100PAaHHOM MOCTOSIHHOM BpEMEHHU.

OCHOBHOM NOBOJ /1711 TTOJIaUM 3asIBKU 3aKJIFOYAETCS B TOM, YTO IIPOU3BOIUMBIE PU MOMOIIN
M0JJaY Ha BXOJ YETBHIPEXITOIIOCHUKA YHCTOTO TOHA (MJIM HECKOJIBKO YUCTHIX TOHOB) TECTHI HE YUUTHIBAIOT
CIEKTPAIBbHOIO COCTaBa PeajbHOIO 3BYKOBOTO CUrHasIa. [103TOMY J1aneko HEeNOIHO OTpaXkaeTcsl BeIMYMHA
T€X HEJMHEWHBIX CKAXEHUH, KOTOPbIE BO3ZHUKAIOT B anmnapaType Npu MOAYJISALINN €€ HANPsHKEHUEM
CJIO’KHOTO CIIEKTPa, XapaKTEPHBIM JUIs peabHON 3BYKOBOM Mporpammsl. He yunTbiBaeTcs Takxe
BO3MOYKHOCTbh BOSHMKHOBEHHS TOKOB KOMOMHAIIMOHHBIX YaCTOT, PE3KO YBEJINYMBAIOIINX HEJIMHEHHBIE
UCKa)KEHHSI B PE3YJIbTAaTe aMIUIUTYIHO-()a30BON KOHBEPCUU CUTHAJIOB. A caMoO€ IIaBHOE TECTHI €
YUCTHIMU TOHAMH HE MOTYT BBIJEINUTh HHPOPMALIUIO KOTOpasi TEPSETCS YCUIMTEISIMU IPU YCUIICHUU
peasbHBIX 3BYKOBBIX CUTHAJIOB.

ITo aTomy meToay Ha AES-126 npoxoausiieM B 2009 rony B MioHXeHE U3BECTHBIM CTICIIMAINCT B
obnacTu anekTpoakycTuku npod. A. dapuna npencraBui 1okaag [6].

Opnaxo y metona Bonbda okazancs cyniecTBEHHbIN HEIOCTATOK — HECMOTPS Ha BO3MO)KHOCTh
HepecTpoiKy GUIBTPOB MO 3BYKOBOMY JHANa3oHy HEBO3MOXHO TOUHO ONPEIEIUTh B KAKOM HMEHHO
M0JI0CE YaCTOT YCHIUTENh MMEET HauOOJIbITYI0 HETMHEHHOCTD.

OTOT HEAOCTATOK ObLT YCTPaHEH U3MEPUTENIEM ASHCTBYIOIIMM POBHO HA000POT [7]: HA yCHIIUTENh
noaaroT 1/3 okraBHBIN mIyM (OBl ITyM, PO30BBIiA M WJIH MICEBIOIIYM), a Ha BBIXOJE €ro BBIpe3aoT. B
pe3yNbTaTe B CIEKTPE OCTAIOTCS MPOAYKThl HCKaXKEHHUH MOPOXKIEHHBIE IIYMOBBIM CUTHAJIOM, puc. 10. A
TaK Kak IIyMOBOM CUTHaJ IPOMOJYJIMPOBAH Kak IO 4YacTOTe, TaK U IO aMIUIMTYAE, TO OH Kak pa3 U
IPOBOLIUPYET UCKAKEHHSI XapaKTepHbIE JIJIs IEPEXOIHBIX MTPOLIECCOB Ha MEPBBIX MEPUOJaX TOHAIBHBIX
CUTHAJIOB.

[Tonaras, 4To BBICOKOYACTOTHAs YacTh 3BYKOBOTO JiMana3oHa Hanbosee KpUTUYHA K HETMHEHHBIM
UCKKEHHSIM YCUITUTEJICH MOXKHO OTPaHHYUTHCS HECKOIBKUMHU 1/3 OKTaBHBIMH MOJIOCAaMHU HaYHWHAs C
gactoThl 10 k['11. B kauecTBe TECTOBBIX CUTHAJIOB MOXHO MCIIOJIb30BATh TOTOBBIE CUTHAJIBI MMEIOLIHECS
Ha TECTOBBIX AMCKax AJis mpoBepku AUX 3ByKOBOTO Tpakra.
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Puc. 10 [Ipunun padotet MHU ¢ ucnons30BaHrEeM y3KOIOJIOCHOTO IITyMa

a

B

bonee moapoOHO 0 pe3ynbrarax CpaBHUTEIBHBIX UCIIBITAHUN MOYKHO O3HAKOMUTBHCS B [8].

Crnenyroniym maroM B pa3BUTUU U3MEPHUTEIHLHOM TEXHUKH OBLIO HEITOCPEICTBEHHOE BEIUUTAHUE
CUTHAJIOB 1OCJIe MacTabupoBanus U (a30Boil MOATOHKH BXOJHOTO CUTHaNa K (pa3e BBIXOAHOTO, [9].
D1oT MeTo (METO B3aUMHOM KOPPEISALIUU MEX]Ty BXOJHBIM U BBIXOJHBIM CHTHAJIAMU) OBUT 3aIUIICH
JIOKTOPOM TexHH4YeCKnX HayKk M. CanoXKoBbIM auccepranueii B 1954 romy. 3ToT e MeTox ObLT
omyonukoBaH u B [10]. ITo3nuee 3ToT MeTos ObLT omyOnuKoBaH B [11] 1 cTast M3BECTEH KaK METOT
bakcannanna. B Poccun momynsipuzatopom 3toro metoza 6601 M. AKyTHHUYEB OMyOJIMKOBABIIAN DS
BEKTOPHBIX MHIUKATOPOB UCKAXKEHUH B )KypHaiie Panuo.

Haunbonee nosnHo Bce BUIbI UCKaKEHUH OTpakeHsl B [12], u mpomiuttocTpupoBansl Ha puc. 11 u
12.

aMmnnnuTygHana
norpewHoCTb

BpemMA 3agepxKn
npoxoxaoeHnsa
CUrHana

peanbHbIA cUrHan

Vol(t)
aMnnuTyga Bpema
BeKTOpPHOWN
MNOrpewHocTn

Vol (t)
MrHOBEeHHOe ngeanbHbIA
OTKNMOHeHWe CUrHan

Puc. 11 Wnmroctpanusi COOTHOIIEHUS MEX 1y BEKTOPHOM, aMIUIUTYAHON U (a30BOi olImOKaMu
IpY NPEACTABICHUH CUTHAJIA B BUJE (DYHKIMM BPEMEHHU.
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Puc. 12 CxopocTHast IOrpeIHOCT, HEMHBEPTUPYIOLIETO YCUIIUTEINS ITPH BO30YXAEHUN €r0
JMHENWHO-HApaCTAIOIUM HaIPSKEHUEM.

Bunbr uckaxxenuii pacmmdpoanbl Ha ctpanuie 322 [12] B mynkrax 13 u 14, mpuBenem ux B
MOJIHOM BUJIE C HEOOIBIIMMHU JIOTIOJIHEHUSIMHU

13. CxopocTHasi HOTPEIIHOCTh PE3UCTUBHOM OMEPAIlMOHHON CXEMBI IIEPBOT0 MOPSJIKA C COMPSTAIONICH
YaCTOTOU fc = 1/27te, BO30YKAAaEMOU JIMHEWHO-U3MEHSFOIITUMCS CUTHAJIOM - TAKUM, YTO CUTHAI
Ha BBIXOJI€ UBMEHSETCSI CO CKOPOCTBIO Wenix, PABHA:

€Esoix = - WebixTe (])
rac (ebix :27[fw Usuix (2) (lOOk. 14)

7c = RC u ¢u3nuecku paBHO 3a/iepkke currana (time Propagation Delay — ¢PD) B monoce mpomyckaHust

14. Kak ckopoCTHast MOTPEMHOCTD € soix IPU HETAPMOHUYECKOM, TAK M BEKTOPHAs IOTPEIIHOCTD &v TIPU
TrapMOHHYECKOM BO3JCHCTBUH BBIPAYKAIOT OJHO U TO K€ OCHOBHOE JMHAMUYECKOE OTPaHUYECHUE,
CBSI3aHHOE C HAJIMYUEM COTIPSATAIOICH YaCTOTHI ONEPALIMOHHON CXEMBI fe. B pe3ucTUBHON OneparmoHHON
CXeMe MePBOTO MOpsAKa 3TH JIBE MOTPEIIHOCTHU CBSI3aHbI MEXKAY COO0I COOTHOIIEHUEM:

- €6bzx/Uebzx= gv 020) (3)

[TonctaBuB Beipaxenue (2) B (1) nomydum:
Cobix = - WebixTe = - 27l'fa) Usbixte = - 27l'fa) Usbzx(tPD) (4)

3aMeHUB JacTOTy NEpUOa0OM I rapMOHHUYICCKOT'O BO3,I[€I‘/‘ICTBI/I${ IMOJIYUUM:
Coorx= - 27 Ueblec/T: -2 USblx(lPD)/T (5)

13 nmyHkTa 14 BBITEKAET YTO CKOPOCTHASI MOIPEIIHOCTD IPU HEFAPMOHUYECKOM BO3AEHCTBUU U
BEKTOpHAs MOTPEIIHOCTh MPU TAPMOHUYECKOM BO3/IEHCTBUHU BBIUUCIISIIOT 110 OAHOM U TOM ke dopmyre,
YTO HE YIUBUTEIHHO, TAK KaK HAUaJIbHBIM y4aCTOK CHHYCOU/IbI (TOUHEE HavYaJbHbBIN y4acToK OypcTa)
MOKHO C XOPOIIHUM MPHUOIMKEHUEM CUUTAaTh HErapMOHUYECKUM BO3JIEHCTBHEM.

MeTtonb! U3MEPEHNsE BEKTOPHOM MOTPEIIHOCTHU 3aKJII0YAIOTCSI B IPSIMOM BBIYMTAHUU BBIXOAHOTO
CUTHAJIa U3 BXOJIHOTO MPHUBEIEHHOTO [0 YPOBHIO K BBIXOJIHOMY (HOPMAaJIM30BaHHOE HAIPSIKEHUE).
HanpuMep 17151 MTHBEPTUPYIOLIETO YCUIINTEINS 3TO BBINIAIUT Tak, puc. 13 [12].
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Puc. 13 Cxema 11 u3MepeHusi BEKTOPHON MOTPEIIHOCTH HHBEPTOPA HAIPSKEHUS

Tak xaKk ycujaeHHe paBHO MUHYC 1, TO pe3yabTaT BEIUUTAHUS U3MEPSIETCS B TOUKE COECUHEHMS
PE3UCTOPOB PABHOM BEJINYMHBI.

Takum o6pazom o Mpsxu JlocTamy BeKTopHast MOTPENTHOCTh M CKOPOCTHAS! MTOTPEITHOCTH 110 CYTH
OJIHO U TO € B JUIsl CHHYCOUJAJIBHBIX CUTHAJIOB B YCTaHOBUBIIEMCS pexxuMe. OIHAKO U3 pacCMOTPEHUS
YIYIIEH HAYAJIbHBIN y4aCTOK JJMHEHHO HAPACTAIOLIETO HANPSKEHUS UIIU 4TO TOXKE CaMO€ — HadaJIbHBIN
Y4YacTOK IepBOM CUHYCOUIbI OypcTa (HEOOIBIION «TPEYTroIbHUK» Ha pHC. 12). IMEHHO 3TH HCKaXKeHUS s
Y Ha3BaJ CKOPOCTHBIMU UCKAXEHUSIMU. DTOT BUJI UCKQ)KEHUH CBSA3aH C IOBOPOTOM HANpPSIKEHUS U UX
Jdy4ie Obl1o OBl Ha3BaTh «MCKAXKEHUSIMU MOBOPOTa». Huke OyneT mokazaHo 4TO 3TOT BUJ MCKaKEHUN
BO3HUKAET BCAKUN pa3 NpU OTKJIIOHEHUH CUTHAJIA OT CUHYCOM/IbI (B MOMEHTBI U3MEHEHHS KaK YaCTOTBI
CUTHAJIa TaK ¥ €ro aMIUIUTY/bI).

Pa3paboTunku HyXJ1aJiCh B T€CTE KOTOPBIM ObI KOppenupoBai ¢ kadecTBoM 3ByKa. 1 [[aBun
Xaduep mpeutoxku Takoit Tect mox HazBanueM SWDT («straight-wire» differential test -
nuddepeHIHaTBHBIA TECT «IIPSIMOTO MpoBoay) [13], puc. 14.
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Puc. 14 brok-cxema u3mMepuTesns BEKTOPHBIX MorpentHocTeil Xaduepa

Tect Xadepa 3akiodaercs B CpaBHEHUH BBIXOJJTHOTO HAMPSHKEHUS C MPOMACIITa0MPOBAHHBIM
(HOpMaJIN30BaHHBIM) BXOJHBIM (C BXOAHBIM HANPSKEHUEM MPUBEICHHBIM 10 YPOBHIO K BBIXOJJHOMY €CIIH
CMOTpPETh OT BX0J]a TECTUPYEMOTO YCHIIUTEINSI K Touke A uepes3 arTeHtoarop). OueBUAHO, UTO €CITU BXOI U
BBIXOJ1 HIGHTHUYHBI, B KOHTPOJIBHOM IPOMKOTOBOpHUTENE (HAayIIHUKaX) He OyaeT curHana. JIro6oi 3ByK,
CIIBIIIMMBIN TIOCTIE TIIATENbHOM OamaHCUPOBKH, OyeT CKaKEHHEM. 3a «HYIb-TecT» Xadiep npeioKuil
ypoBeHb -70 nb mst cpennux yactot (ocnabnenue curaana B 3000 pa3 umu 1o 0.03%) u -60 n1b

(ocnmabnenne curnana B 1000 pa3 wiu 10 0.1%) 17151 BEICIIMX 9acTOT 3BYKOBOTO JTMAIa30Ha.

B oxHOM 13 oTBeTOB Ha Borpockl 1o crarbe [13] o npumenenun tecta SWDT Xadnep numer:
«3T10 He HoBas uaed. OHAKO B MPOILJIOM YCUIIUTENN BRI OYEHb IJIOX0 B 3TOM TeCTe, KOTOPBIN
BBISIBWJI Bce HelocTaTku. XL-280 MoxeT ObITh NepBbIM YCUIUTENEM, MIPEAIaraloniiM XOpOInil HylIeBOH
curHan ¢ SWDT.»

Wnes nelicTBUTEIHHO HE HOBasA, HO pa3pabOTUMKaM ayJHOYCHIINTENE X0UeTCsl BUJIETh MPOAYKTHI
HCKa)XEHMI, a He BEKTOPHbIE MorpenrHocT. Ho /it 3Toro Haio NpoBOJUTH TECT C YUETOM 3aJePHKKU
IIPOXOXAECHUS CUTHAJIA.

U xots Tect Xadnepa He u3MepsieT HeTMHEWHbIE HCKa)KEHUS, a TOJIbKO BEKTOPHBIE MOTPEIIHOCTH,
TEM HE MEHee B psJie CIIy4aeB OH MOXKET ObITh Oosiee MHPOPMATUBEH YeM JIF00OH APYTroi TecT.

B otnnume ot metona CanokkoBa-bakcannasia B 3TOM MeTO/ie HE HCTIONIb3YeTCs (pazoBast
MOJCTPOMKA UTO CYIIECTBEHHO YIIPOLIAET POLEAYPY TECTUPOBAHUS, a C APYTOl CTOPOHBI YUUTHIBAET U
HCKa)XEHMs BO BpEMEHHOM 00J1acTH, T.€. BHOCUMBbIE (ha30BbI€ NCKAXKEHUSI KOTOPbIE HEPEAKO MPUBOJIAT K
CEPbE3HBIM UCKAXKEHUSM CBA3aHHBIM C aMIUTUTYAHO-(a30BOI KOHBEpPCHUEH CUTHAJIOB.

OTa MBICIH IPO3BYyUaja B 1okiazae "BricoTa, TeMOp, pa3/ieneHne HCTOYHUKOB U MU(BI O
BOCIIPOM3BEICHUH 3ByKa Yepe3 'POMKOTOBOPUTEIH" M3BECTHOTO CIIEIIUATUCTA B 00JIACTH MICUXOAKYCTUKU
. I'pnsunrepa Ha AES-132 npomeqmem B bynanemre B 2012 rony. B cBoem gokiane oH nokasain 4ro
Ype3BbIUAHO BaXKHOE 3HaUE€HUE UMEIOT (Pa30BbIe COOTHOIIEHHS BEPXHUX FAPMOHHK B CIIEKTpE, a TAKXKe,
YTO IPU BOCIIPOU3BEIEHUH Yepe3 TPOMKOTOBOPUTENN B TOW MJIM MHOM CTENEHU BCEr/a HapyllaeTcs
CTPYKTypa aMILTUTYAHOTO U (a30BOTO CIEKTPa, IOATOMY 3By4aHUE Bcerna OeiHee 1mo TeMOpy, YeTKOCTH,
SICHOCTH U JIp., YeM HaTypaJIbHbIH 3BYK.

MoxeT co3aaThCs BIIEYATIIEHUE YTO OT BEPXHETO 10 CXEME YCUIIUTENS PE3YIIbTAT TECTA HE
3aBHCHT, BEJIb €T0 3aJ]a4a BCEro JIMIIb BbIJATh aMIUIMTYAy curHaia. Ha camom niene oH 10MkeH ObITh
JIOCTATOYHO HIMPOKOTIONIOCHBIM (CKOPOCTHBIM) YTOOBI HE «CMa3aTh» TOHKHE HIOAHCHI 3ByKOBOT'O
Marepuaia v He 00JeryuTh 3a7ady TECTUPYEMOMY YCHIIUTENIO. TONBKO B 3TOM CiIydae MbI MOITYYHM
Oornee T0CTOBEpHYIO HH(POPMALIMIO O TECTUPYEMOM ycuiuTene. Ecnu ke ucrnonb30BaTh «TOPMO3HYTHII
YCUIINTENb (TAaKUM MOKET OKa3aThCsl OJJUH KaHaJl TECTUPYEMOIO CTEPEO YCHIIUTEINSI UCIIONIb3YeMbIH 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
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Puc. 15 brnok-cxema n3MepeHns OTHOCUTEIBHOIO YPOBHS UCKaKEHHUM 110 OTHOLIEHUIO K ATAJIOHY

B omimmume ot opurnHansHoTrO Tecta Xaduepa, B Tecte KapBepa ucmons3yercsi CpaBHEHHE MEXTY
BBIXOJIOM «ATajoHa» X1 u BeIXonoM Tectupyemoro ycunurens X2. Kak nokasan 5KCiepuMeHT
KOPPEKTHPOBKA apaMeTPOB YCUIIUTEINS CpelHEN 1IEHOBOM KaTeropuHu MoJ HapaMeTphbl JOPOroro
«@tanona» ¢ TouHocThio -70 1b (0,03%) obecneunsio HACHTUYHOCTh UX 3ByYaHUSI.

Tak xKaK Mbl CTpEMHUMCSI K HJ1€aJIbHOW TOYHOCTH TO IIPU MOJIETMPOBAHUH C TOMOIIIbIO
CUMYJISITOPOB B KaU€CTBE ITAJIOHHOTO YCUIIUTEISI MOYKHO HCIIOJIb30BaTh U1€aIbHBIN YCUIIUTEID C
K03((HUIIEHTOM YCHIICHUS paBHBIM YCHIICHHIO TECTUPYEMOTO YCHIIMTENSI HAa YacTOTe cCUrHaia. Toraa s
M3MEPEHMSI BHOCHUMBIX NCKaXECHUHM KOMIIEHCALIMOHHBIM METOIOM JI0CTaTOYHO 3a/1€P>KaTh BEIXOAHON
CUTHAJI U/I€AJILHOTO YCUJIUTEIS C TOMOIIIBIO MJ1€aIbHON JIMHUU 33JIEP’KKH Ha BpEMS 3aJ€pKKU
pOXOXKJeHUs curHana (tPD) B TecTupyeMoM ycUIIUTENE, @ BCE YTO OCTAETCs MOCIE BHIYUTAHUS U €CTh
MCKaXEHHsI BHOCHMBIE YCHIIUTEIIEM.

Meton KapBepa MOKHO MCIIONIB30BaTh U JUIsl U3MEPEHUS NPUPAILEHUS UCKAXKEHNUN Ha
MaKCHMaJIbHON MOIIHOCTH (MJIH JIFOOO0H pyroii) HarpuMep, IO OTHOIICHHUIO K BBIXOIHOW MOITHOCTH 1
Brt. /st aToro ycunutenu X1 u X2 10KHBI UMETh OMHAKOBBIE ITapaMeTpbl (HalpuMep MOHOOIOKH
ogHOM Mapku). Ha BbIXozie 0IHOTO U3 HUX MapajlieIbHO Harpy3Ke BKIIOUAEM JETUTEND (Pe3UCTOp
KOTOPBII COEIMHEH ¢ «0OUIMM» OepeM paBHBIM Harpys3ke, a BEpXHHUI pe3UCTOp pacCUUTHIBAEM TaK YTOOBI
B TOYKE COEJAMHEHUS PE3UCTOPOB JENUTENS ObUIO HAMPSKEHUE COOTBETCTBYIOLIEE BHIXOIHON MOIIIHOCTHU
1 BT). OcTaercs B ycunurene ¢ IeIUTeNIeM MapajulebHO Harpy3Ke BhICTABUTh BBIXOAHYIO MOIIHOCTb
OJIM3KYI0 K MAKCUMAJIbHOM, a BO BTOPOM YCHJIMTEJIE BXOJHBIM aTTEHIOATOPOM BBICTABUTh BBIXOHOE
HaNpsHKEHUE PABHOE HAINIPSDKEHUIO B TOUKE JIEJICHHS PE3UCTOPOB MepBOro ycwinrens. Ecnu napamerpsl
YCUJINTENEH OIMHAKOBbIE (BayKHO YTOOB! ObLIH paBHBI tPD), TO BeKTOpHBIE HCKaXKEHUS OynyT
CKOMIICHCUPOBAHBI U B JMATOHAJIN MOCTa MBI ITOJIyYUM B YHCTOM BHJI€ IPUPOCT UCKaKEHUM. VX MOXKHO
OIICHUTH C TToMOIIbI0 ocuriuiorpada, MHU wnm ciexkrpoananuzaropa.

M3 ncuxoakyCTHUKU U3BECTHO YTO YEIOBEUECKUH CITyX Hanbosee 4yBCTBUTEIEH K CKOPOCTH
U3MeHeHus (a3pl, T.e. K TPYNIoBOMY BpeMeHH 3a1epkku (I'B3) u ee m3MEeHEHUsIM B YaCTOTHOW OOJIACTH.
Ha camomM gene BaxxHO nocTosiHCTBO I B3 HE TONBKO B 3ByKOBOM AMaIa3oHe, HO U 1aJIEKO 3a €ro
npenenamu (Brwioth 1o 1 MI'n u nanee).

B3auMoCBs3b BEKTOPHBIX OTPEIIHOCTEN ¢ BPEMEHEM 3a1€PKKH HETPYIHO MPOCIECIUTD 110

CJIEAYIOIUM pUCyHKaM, 16 — 18.
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Puc. 16. Unmoctpanus Mexanu3ma o0pa3oBaHMs CHHYCOUJAIBHOTO KOJIeOaHUs C TIOMOIIIBIO
BpalIAIOLIErocs BEKTOpa.

Crenyrolye WITIOCTPALIUH TOKa3bIBAIOT B3aUMOCBSA3b BEKTOPHON TOTPEIIHOCTH C BpEMEHEM
3aJIepKKH MPOXOXKIEHUS CUTHAJA. B Jarammrax Ha HEKOTOPBIE BBICOKOCKOPOCTHBIE ONIEpaIlHOHHBIE
YCUJIUTEIH BpeMsl 3aJIEp’KKU MPOXOXKACHUS cCUrHasa npuBeneHo kak tPD (time Propagation Delay).

Ha pucynke 17 npuBeneHa uneanbHas MOAETh BEKTOPHOTO CIIOKCHUSI CHHYCOUI.
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Puc. 17 Monenb BEKTOPHOTO CIIOKEHUS HaNPSKEHUN

Ha pucynxke 17 nokazaHo 4yeTslpe CUHYCOM/IbI, HO TaK KaK OHM 3aJIep>KaHbl IpyI OTHOCUTEIBHO
Jpyra Ha HeOOJbIIOE BpeMsl BU3yaJlbHO OHHU ciinBatoTcs. Curnain reneparopa yactoroit 20 kI’ umeer
ammutyny 15 B. [Ipu cnokeHnn AByX CUTHAJIOB OIMH M3 KOTOPBIX 33/I€pKaH Ha HEOObIIOE BpeMs



aMIUTATY/Ia BEIXOJJHOTO CUTHAJIA MPAaKTUYeCKH ynBauBaercs U paBaa 30 B. [l Toro 4To0ObI BCe YeThIpe
curHasua OblTM OJHOU aMIUIUTYAbI Aist curHanos IN1, IN2 u tPD npumenen MHOXXUTEND 2.

HavaspHblll y4acTOK CUrHasa BIICICHHBIN IPSIMOYTOJbHUKOM IIOKa3aH Ha CIEAYIOIEM PUCYHKE B
pacTSIHYTOM BUIE

200. 20kHz_delay-10n.CIR

CHrHan 4acToToi 20 KMy ¢ aMnnuTyaol 30 B 1 tPD = 10 NS NONyYeH CHOKEHNEM
[IBYX CHTHANDB C aMNNNTYA0I 15 B 0AMH U3 KOTOPSIX 3afep#an Ha 20 nS

[INKHA OKPYKHOCTH paBHa 2nR. nepuog 20 Ky paseH T=50 us

[nuHa BEKTOPa & CABMHYTOr Ha 10 NS pasHa: : : : :
B e e T o

a = 2nR"PDIT = 6,28"30000 MV=10 NS/50000 NS

OTHYAA:
tPD = aT/ 2nR

: vector-error :
100.000m ———————————r————r————r—f—r————r% ——————————————————————————————— :”””””””,,,,, ,,,,,,,,,,% ,,,,,,,,,,,,,,,,,,,

50.000m
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CKOPOCTHbIE UCKaXeHNA NO aMNNUTYAe
| | paBHbI NONOBUHE BEKTOPHBIX

| 8D - speed distortion | norpewHocTeil, a No ANMTeNLHOCTY -

: : yABoeHHoii MB3 (tPD)
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T (Secs)

Puc. 18 Pe3ynbraT BEKTOPHOTO CIIOKEHUS 2-X UJCAIbHBIX CHHYCOU] (HauaJbHbIH y4acCTOK)

W3 pucynka 18 BUIHO YTO MPH CIOKEHUH UCXOAHOTO CUTHANA (YepHasi) U 3ajiepkanHoro Ha 20 He
curHana (po3oBasi) 00pa3yeTcsi BRIXOAHOM CUrHaM (KpacHasi) ¢ 3a[Iep>KKOH BABOE MEHbIIEH, T. €. 10 He.
Bornee Toro, Ha HayaJIbHOM y4acTKe HEM30€)KHO BO3HUKAIOT UCKAXKEHUsS Ha poTskeHuu 20 He, T. €. Ha
npotsokeHud 2*tPD. DToT BUI MCKaKeHUI TPOSIBIISICTCS TOIBKO B Hauase Mepuojia CI0KEHHs W
BBIUUTAHUS JBYX U/I€aTIbHBIX CUTHAJIOB. 51 B3sU1 Ha ce0sl OTBETCTBEHHOCTh HAa3BaTh 3TOT BUJ HCKaXKEHUI
CKOPOCTHBIMH, TaK KaK OHU HEMOCPEICTBEHHO CBSI3aHbl C TAKUM CKOPOCTHBIM MapameTpoM Kak tPD u
BO3HHMKAIOT B MOMEHTHI U3MeHeHHs ckopoctu dV/dt. B uaeane 3Ti nckakeHUs 10 aMIUIMTY/IE PABHBI
MIOJIOBUHE BEKTOPHOM MOIPEUIHOCTH (M3 MPOEKIINHU XKEJITOr0 TPEYroJbHUKA Ha TOPU30HTAIBHYIO OCh), a
1o Bpemenu 2*tPD. AMIiuTyaa u ATUTEIbHOCTh CKOPOCTHBIX HCKAKEHUN (SKENITHINA TPEYTOJIbHUK)
oTpenensieT UX BKJIaJ B OOIIUI YPOBEHb HCKAXECHUHM UCKaKEHUH CIIOAKHBIX CUTHAJIOB K KAKUM OTHOCHUTCS
Y 3BYKOBOM CUTHaJl. IMEHHO 3TOT BUJ UCKa)KEHUM COCTABIISIET OCHOBHYIO YaCTh UCKAKEHUN IIEPBOTO
nepuosa ['pama Moiinapaa (FCD).

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

YTo0Obl MAKCUMAJILHO HUCIIONB30BaTh 3Ty UCAIBbHYIO MOJENb H3MEPHUM C €€ IOMOIIbIO CKOPOCTHBIE
HCKaXKeHus, puc. 19
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Puc. 19. Pe3ynbrar n3MepeHus HCKa)KEHUI BO3HUKAIOLINX B PE3YJIBTATE BEKTOPHOTO BHIYMTAHMS
JIBYX HJI€aJIbHBIX HANpPSKEHUN CABUHYTHIX IO (pase.

U3 pucynka 19 BUAHO 4TO Npu BRIYUTAHUH BBIXOIHOTO, 3a/iep:kaHHoro Ha 100 He, curHana us
BXOJIHOTO BO3HMKAIOT UCKAKEHUS C OTPULIATEIbHBIM 3HAKOM 10 OTHOILEHUIO K MOJIIPHOCTH NEPBOM
MIOJTYBOJIHBI BXOJTHOTO CUTHAJIA M AMILTUTY/I0M paBHOM MOJIOBUHE BEKTOPHON MOTPEIIHOCTH U 001Ieit
npoaonKuTenbHOCTHIO 200 He, T. €. 2tPD. DT nckakeHus: He UMEIOT HUYETo OOIIETo ¢ TMHEHHBIMU
UCKaXEHUSIMHU (HU ¢ (pa3oi, HU ¢ aMIUIUTYA0H). BOT 3T HCKa)keHUs s1 U OTHOILY K CKOPOCTHBIM.

CunyconanbHOE HapsHKEHHE 00pa3yeTcsi BEKTOPOM MTOCTOSIHHOM BETMYMHBI BPAIIAIOLIUMCS C
MOCTOSTHHOW yIIIOBOM CKOPOCTHIO (cM. puc. 16). IIpu 1r000M H3MEHEHNH KaK aMIUTUTY/bl BEKTOpa, TaK U
YIJIOBOM CKOPOCTH €ro BpaiieHus u3Mensercs u dV/dt Hanpsbkenus. B 3T MOMEHTBI U BO3HUKAIOT
JIOTIOJIHUTENbHbIE MCKAKEHUS CBA3aHHBIE C BpEMEHEM 33/IEPKKU IPOXOKIeHus curnaia (tPD).

Ilpumeuanue. B oopmynax (6) u (7) cmoum 3uax npubauzumenvbHo, max Kak cmpoz2o 2080ps
xopoa u dyea He pasHvl no oaure (puc. 16). Ho 05 evicuiels wacmomul 36yK08020 OUANA30HA NEPUOO
pasen 50 MKc, a 8pems 3a0epicKU NPOXoAHcOeHUs cueHana peoko oocmuzaem 1...2 mxc. Ilosmomy oadice
07151 MAaKux OONbUUX 3HAYEHU NO2PEUHOCTb NPEHedPENCUMO MAd.

J71st HArISITHOCTH BEKTOPHBIX MOTPENTHOCTEN co0epeM APyryro Mojelb, puc. 20
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Puc. 20. Pe3ynprar n3amMepeHns BEKTOPHOH IMOTPEITHOCTH CIIBUHYTHIX 110 (ha3e IBYX HaAPSIKSHUH

(Hanpumep 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.

BcnomoratenbHbIA YCUNUTEND I

8(4)0
BXxoaHou curHan l\ (4) Om
R2 R3 A
1K ¢* 10
BanaHc
aMnnuTyq, Ocu. B
R1 )
100 _
KOHTpOMnbHbIA
TecTUpyeMblil YCUNUTENDL rpoMKoO-
anfhes (HEVWHBEPTUPYIOLWWNA) ropopurens

YaaneHHbIi rpoOMKOroBopuTenb

Puc. 21 brok-cxema Xaduepa coOBMEIIeHHas! ¢ BEKTOPHBIM aHATM3aTOPOM HCKakeHH CaroyKkoBa

B kauecTBe TUHUM 3a/I€PKKHU B pAJIE CIIydaeB MOKHO BOCIIOJIB30BaThCS 11eoukoil byie BepxHero
ycunutens. Tunosas nenoyka byiie cocTouT u3 nocienoBarenbHO BKIOYEHHBIX pe3uctopa 10 Om n
koHaeHcaropa 100 Hp, mocTostHHAS BpeMeHHU Takoi 1enu paBHa 1 Mkc. Kak moka3pIiBaeT mpakTHKa BpeMs
3aJIEPXKKHU TIPOXOXKACHHUS CUTHAJIA B PEAJIbHBIX YCHIIUTENSAX KOJIeOIeTCs B IIMPOKKX Tpeenax: OT
necsaTkoB He 10 1,5 mkc u 6omee. [ToaToMy MOXKHO BIOJIHE UCIIOIB30BaTh LIEMOYKY byIie BepxHero
yCUIINTENS U1s1 POPMHUPOBAHMS 3a/1€PKKU HA pACUETHOE 3HAYEHHME 3aMEHOUN KOHAEHCATOpa U MOATOHKOM
pesuctopa R3 10 onTUMalbHOTO 3HAYEHHS C YU€TOM BXOAHOM €MKOCTH Kabenst ocuuiuiorpada.

Ecnu 3agepsxkka tPD ne 6onee 100 HC, TO CKOPOCTHBIE UCKAKEHUS YK€ HUUTOKHO MaJIbl U UMU
MOKHO TMIpeHeOpeyb, OHU OyAyT Ha YpOBHE APYTUX BUJIOB UCKakeHUU. Ecnu 3a7epxka Benuka (MOXKET
ObITh 1,5 MKC U Oosee), To Takast 3a1epKKa CKOMIIEHCUPYET CKOPOCTHBIE MCKAKEHUS, HO IPYTUE BUbI



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. Tlpumeps! BcTpevaronuxcs Ha npaktuke noseaenuit B3 B VIIT

B ycunurensix ¢ 3akpbeITbIM BXOJOM (C pa3feauTeIbHBIM KOHACHCATOPOM Ha BXOJIE U B JICIIUTENIE
NFB), B ycunutensx ¢ Boiasrogo6askamu a Takxke B DC Amplifiers ¢ cucteMoil CEpBOKOHTPOJIS
noseneHne I'B3 ropasno cioxHee, 4acTo ¢ «yJIeTaHHEM» B OTPULIATEIIbHYIO 001aCTh.

Ha pucynke 23 noka3zaHa 3aBUCHMOCTb CKOPOCTHBIX UCKakeHU! oT I'B3, a Taxxke B yem oTiinuue
BEKTOPHBIX ITOTPEUTHOCTEN OT CKOPOCTHBIX NCKAKEHUN IByX YCWINTENIEH

vector error-1
vector error-2

ideal Vin"Ku

real Vout

speed error-1 speed error-2

cD1 time GD2 time

Puc. 23. J/IBa mpuMepa 3aBUCUMOCTH CKOPOCTHBIX UCKakeHuH oT ['B3



Ilpumeuanue. Camoe unmepecroe mo, Ymo Xoms HA4a10 OYPCMA, X0Mb HAYATI0 MPEY20TbHO20
cuenana nocie oopabomxu ®HY 100 kl'y ne umeem gvicoxou ckopocmu Hapacmanus (SR) cuenana,
Hanpomue — HAaKJIOH CUSHANd, a coomeemcmeenHo u SR cyujecmeeHHo Hudice uem Ha Opyeux yuacmrax.
[losmomy smom 8uod uckaxicenuil He umeem Hu4e2o ooueco ¢ uckaxcenusmu muna SID xoeda nakiow
cuenana npubausxcaemces Kk npedenvroul SR ycunumens. Ilpunamo cuumame umo 6 ycunumenusm Hi-Fi SR
odomcHa bvime He menee 50 B/mke. M36ecmuo umo MakcumanbHas CKOpoCcmy HApACMAaHUs peanlbHblX
MY3bIKAILHBIX CUCHATI08 HA 8bIX00e ycunumenel peoko npesviuiaem 0,5 B/mxc — m. e. Ha nopsaoox Huoice.
[losmomy 6o3HUKHOBeHUe ucKadxcenuu muna SID 6 ycunumensix HepeanvHo.

Tem ne meHee UMEHHO HA SMUX YY4acmKax (8 Hauane u Konye Oypcma) u 8603HUKaom nomepu
cuenana amnaumyoou 0o 1% u 6onee. Hmenno smom U0 UCKadxiceHutl u omeeyaem 3a NOmeprio
MUKPOYPOBHEBOU UHopmayuu onpedensioujell «HCUB0CMbY 38YUAHUSL.

Tect Xadmnepa u Tect Xadnepa-CanoxkkoBa OCHOBaHBI Ha BEIYUTAHUU TIPOMACIITAOMPOBAHHOTO
[IEPBOHAYaJILHOTO (HOPMAJIN30BaHHOTO BXOHOT0) CUTHAJIA U3 BBIXOAHOIO cUrHana. OTCyTCTBHE KaKHX-
7100 (CIBILIUMBIX) OCTATKOB JOKa3bIBAET TO, UTO HE CYIIECTBYET TAMHCTBEHHBIX, HEU3MEPSIEMbIX
cocrapistromux. O6a MeTo1a MOTYT YCIICITHO HCIIONB30BATHCS IS OLIEHKH KauecTBa paboThI
YCUJTUTEIICH.

K nocromncTBaM nocienHuX METOI0B MOKHO OTHECTH BO3MOXXHOCTh UCIOJIb30BAHUS B KAU€CTBE
TECTOBBIX JIFOOBIX CUTHAJIOB, B TOM YHCII€ U MY3bIKaIbHbBIX, & TAKXKE UX MPEAeSIbHYIO IPOCTOTY He
TPeOYIOIIYIO JOPOTOCTOSIIETO CHEUATBHOTO H3MEPUTEILHOTO 000PYI0BAaHUS, YTO HE MEHEE BaXKHO.

[Tpu ucnonb30BaHUU TPEYTOIBHOTO CUTHAA MPHU OaJaHCUPOBKE J0OUBAIOTCS PA3HOCTHOTO
HanpsDKEHUS Onu3Koro K Meauapy. [Ipu sToM amruintyna Meanpa OyIeT 3aBUCETh OT 3a/IePKKU
npoxokaeHust curnana tPD crnemgyrommm o6pazom:

a = 4A(tPD)/T 9)

rae

T — nepuon curxana, MKc;

A — amMIuIuTya CUTHaja Ha BBIXOJAx ycuiuTeneu, B
tPD — BpeMs 3a7€pKKH IPOXOKIACHUS CUTHAIIA, MKC

[Ipu ncnonb30BaHUM TECTOBOTO CUTHAJIA B BHJIE MEAHPA PA3HOCTHBIM CUTHAN JJOJDKEH BBITNISAICTD
B BUJI€ IPAMOM JIMHUU HA KOTOPOM HAIIPOTHB (DPOHTOB CUTHAJIA UMEIOT MECTO BCIUIECKU BBEPX-BHHU3
aMIUTUTYa U TPOJIOJDKUTENIEHOCTD KOTOPBIX 3aBUCAT OT tPD.

Ipumeuanue. Bo uzbesxcanue nepezpy3ku 6xo0a yCuiumelis mecmogvle CUSHAIbL NPONYCKAIOm
yepe3z RC-gunvmp ¢ uacmomoti cpeza 100 kl'y (kax 6 mecme DIM-100). B nooasnsirouyem 6onvuiuncmee
ycunumeneu Ha 6Xxo0ax cmoum noooousii unremp ¢ wacmomoti cpeza 160 kly (1 kOm, 1 H®).

J1 KONMMYeCTBEHHOW OLIEHKH BHOCHMBIX CKOPOCTHBIX HCKKEHUH (M3MEPEHMS UX aMIUTUTYIbI U
JUINTEJILHOCTH) JTyYIlle BCETO MOIb30BaThCs OCLMILIOrpadom.

CeronHst MPOEKTUPOBAHHUE YCUIIUTENIEH HE TPOUCXOAUT Oe3 MpeaBapUTEIHLHOTO UX
MOJIETUPOBAaHUs. BEKTOpHBIE MOrPENIHOCTH MOTYT ObITh U3MEpEHBI 0 JlocTaiy, a BCce Ipyrue BUIbI
UCKa)KeHUH (HeTMHEWHbIe, KPOCCOBEPHBIE U CKOPOCTHBIE) — KOMIICHCAITMOHHBIM METOJIOM C
UCTIOJIB30BaHUEM UI€aIbHOM JIMHUM 33JIepKKH PaBHOW BPEMEHHM 3aJIePKKHU MPOXOKACHUS CUTHAIA HA
TecTupyemoii yactote. [Ipu nmpoBeeHNH H3MEPEHUH ¢ 1eNbI0 TOBBIIEHHUS] TOYHOCTH CIeIyeT TIaTeIbHO
IPOBOAMUTH HACTPOMKY: KAK MOYKHO TOUHEE OMNPEAEIUTh KaK KOd(GUIMEHT yCuieHus, Tak u tPD.

Cnoco0b1 u3MepeHni TMHAMHYECKUX HeJIMHENHbIX HCKaskeHni [17].

OpavH 13 IIMPOKO MPUMEHSIEMBIX CITIOCO00B U3MEPEHUS TUHAMHYECKUX HEJIMHEWHBIX UCKAKEHUH -
TaK Ha3bIBACMBIN CIIOCO0 «CHHYC-TIPSIMOYTOJIBHBIX CUTHAJIOBY. MI3MEpUTENbHBIM CUTHAJIOM CITY)KUT
MOCJIEI0OBATEIHHOCTh MPSIMOYTOJBHBIX UMITYJIBCOB ¢ YacToTOM cienoBanus fi = 3,18 k['1, Ha koTOpYyIO
HaKJIaJbIBACTCS rapMOHUYecKHid curHai 4actotsl f> = 15 k', CooTHOLIEHHE aMIUTUTY/] HAPSHKSHUN
curHanoB Ui : U. = 4: I, ckopocTh HapacTanus curaaioB orpannduBaetcs HU-punsrpom Ha RC-3BeHbsIX,
rpannuHas yactora ¢punsrpa fir =30 u 100 kI'1r (coorBercTBeHHO DIM-30 1 DIM-100). Mepoit
HEJIMHEWHBIX UCKAKEHUN CITY)KUT OTHOIIEHHE 3 (EKTUBHBIX 3HAUCHUN IPOAYKTOB MHTEPMOAYIISALIUHU K
aMIUIUTYI€ TApPMOHUYECKOTO CUTHAJIA.

Hpyroii crmocod 0CHOBaH Ha MUCIOJIb30BAaHUN U3MEPUTEIHHOTO CUTHAJIA, KOTOPBIM COCTOUT U3 JBYX



rapMOHMYECKUX CUTHAJIOB OIMHAKOBOW aMIUIMTY/Abl, HEMHOI'O pa3jInYarolIuxcs 1o yacrtore. Takumu
MapHBIMHU YaCTOTaMH MOTYT ObITh, Hanipumep, i =14 u £:=15 k['m wu fi = 19 u > = 20 k['n (CCIF-IM).
Mepoii UCKa)KeHHIA CITY>KUT OTHOIIEHHE 3(P(PEKTUBHBIX 3HAUCHUH aMIUTUTY/] MPOAYKTOB HHTEPMOAY/ISAILNU
mfi = nf> K aMIUTUTY/Ie OCHOBHBIX CUTHAJIOB.

Tpetuii ciocob - crocod nuI0006pa3HBIX CUTHAJIOB - OCHOBAH HA MCIOJIb30BaHUH CUTHANA
I000pa3Hoil (OPMBI C YaCTOTOM cienoBaHus UMITYIIbcoB fi = 20 K[, KOTOPBIN MePUOIUIECKH (C
gactotor f> = fi /256) mensieT nonsipHOCTh. VIcKkakeHus1, BbI3bIBAEMbIE OTPAaHUUEHHON CKOPOCTHIO
HapacTaHus CUTHAJIA, IPOSBISAIOTCS B BUJE MEPUOIUUECKUX (C yacToToM f> ) cMemeHuii cpeqHux
3HAUEHUH MMOCTOSSHHOW COCTABJISAIOIIEH HAIIPsDKEHKs. Mepoi HCKaKEHHM CIIYKUT OTHOLIEHUE YPOBHEN
ATOr0 HU3KOYACTOTHOT'O HAINPSKEHUS U MHJI000Pa3HOTO CUTHANIA.

CrnemyeT OTMETUTH YTO paCCMOTPEHBI AAJIEKO HE BCE METObI TecTupoBanus. Hampumep, B 0030p
He Bomies Meton oopatHoit nuaTepmonyssinuu (RIMD) Xuparu [18], a Takke MeTo TeCTUPOBAHUS
Xwupara [19]

Urto kacaercs npumeneHust NFB 151 CHU>KeHUS HCKaXEHU, TO IO 3TOMY MTOBOAY €CTh HECKOJIBKO
aBTOPUTETHBIX BbIcKa3biBaHui. Hanpumep, Kupnun Xammep B uHTEpBBIO CcKaszan cienyromee [20]:
«besyrnpednoe ObICTPONCHCTBIE HE MEHEE BAXKHO. DTO 0COOEHHO BEPHO IS ycuuTenei ¢ oomeit NFB.
TeopeTnueckast KOHIETIUS OTPULIATEIbHON 00paTHON CBS3U — OUEHb MOIIHAS, U YIIPOIIEHHBIE
MaTeMaTH4eCKNE yPaBHEHUS, ONMCHIBAIOIINE 3Ty KOHLEIIINIO, BCEraa octatorces B cuie. Ho onun
JENCTBUTENBHBI TOJIBKO B TOM CIIy4ae, €CJIH MPOEKT YUUTHIBAET OIPAHUYEHUS KOHLIETILUU. 3aJ€pHKKa OT
BXOJIa JI0 BBIX0JIa JODKHA ObITh HyneBoi! OUeBHIHO, UTO B pEAIbHON KU3HH 3TO HEBO3MOXKHO.

Ectp aBa cniocoba perieHus 3Toil mpoOiIeMsl:

1. Bel mpocTO HE IpUMEHsIeTe HUKaKoW oTpuiiareabHoi FB BooOIIe B CBOEM mpoekTe (0TKa3bIBasCh OT
IIPEUMYIIECTB KOHLETILINH).

2. Bol yckopsieTe ObICTpOIEHCTBIE YCUITUTENS A0 YPOBHS HECKOJIBKO HAHOCEKYH/I 3a/1€PKKU BPEMEHHU OT
BXO0J1a JI0 BBIXOJa (COOTBETCTBEHHO Mojoca yacToT 200 MI11...), Toraa ommbKu KOMIIEHCAIUK HACTOIBKO
MaJibl, YTO HE OKa3bIBAIOT HUKAKOTO 3aMETHOTO BO3/IEUCTBUS HA 3BYK.

Kak ToipKO BBI pelIuTe MOMTH 110 BTOPOMY IIyTH, BHE3AITHO BOZHUKAET MHOKECTBO HOBBIX
po0JIeM: TEIIOBbIE PEKUMBI, CTAOMIIBHOCTh HANPSIKEHUS MUTAHUS, KOHCTPYKIUS, COOTBETCTBYIOIIAS
BBICOKOYACTOTHBIM yCTPOMCTBaM, BO3HUKHOBEHHE IIYyMOB, HABOJOK U T.II.»

31ech yMECTHO BCIOMHUTH BhICKa3biBaHue Maptuna Kosmomca [21]:

«VHKMHUPHUHT MOJKET MHOTOE OOBSCHUTH O MUpE 3ByKa. OIHAKO, KOT/Ia 3TO HE MOXKET OOBSICHUTD
YTO-TO, HAYMHAETCS HACTOAIIEe Becesbe. HeKoTophie acekThl BOCIPUHUMAEMOTO Ka4€CTBA 3BYKa HE
OOBSCHSIOTCS YCTOSIBILIEHCS Teopueil. PacTer momo3penune, 4To HEKOTOPBIE U3 3TUX ACTEKTOB - TIOTEePs
€CTEeCTBEHHOr0 TeMOpa; CKy4uHOE, MEHEE BbIPa3UTEIbHOE UCIIOIHEHHE; MTOBBIIIEHHAs CIIyX0Bast
yCTaJIOCTh; M OTCYTCTBUE KU3HU U SHEPTHU B BOCIIPOU3BOANMOM 3BYKE - MOXKET OBITh CIECTBHEM
MPUMEHEHHUS OTPUIIATEIILHON 0OpPaTHOM CBS3H.»

[TepBoMy IyTH MHOTO BHUMAaHUS YW 3aCIyKeHHBIN npodeccop Mankonbm Xoykchop
MIPEIIOKNB BBICOKOJIMHEWHBIE KaCKa/lbl YCUIICHUS C KOMIIEHCALIMEN NCKAKEHNI, B TOM YHUCJIE U C
nonoxurensHoit OC (ITOC) o Toky Beixona [22].

[Tpon3BoaMTENN BHITyCKAIONINE J[BA THUIA YCUIIUTEICH TTOCTOSHHO COPEBHYIOTCSI MeX Ty coboit. 1
XOTS IEpBbIe YCUIUTENH (HOPMAIEHO UMEIOT OONBIINI YPOBEHb UCKAKEHHI N3MEPEHHBIX Ha
CUHYCOHU/IAJIbHOM CUTHAJIE B YCTAHOBUBIIEMCSI PEKUME B CYObEKTHUBHBIX T€CTAX MOOEIUTEISIMU Yallle
BCEr0 OKa3bIBAIOTCSI NYMEHHO OHHU.

Hampumep, [Ixedd Poynenn cunran uto «ycunurenu ¢ OOC BHOCST UCKaKEHUSI BO BPEMEHHOM
oOnacti» mosTomy paszpabdoran 6e30CHBIIH ycunurenb «model 7» B Tpex MOAU(PUKAIMIX OTIUYAIOITHXCS
Kak ycunureasmu HanpspkeHus (YH), Tak u BeixogasiMu kackagamu (BK) — texHuyeckue perieHus He
pacKphIBaloTCs. XapaKTepHOH 0COOCHHOCTBIO 3TUX MOJIeNEH SIBISETCS MOCTOSTHCTBO BBIXOJAHOTO
COTPOTHUBIICHUS BO BCEM 3BYKOBOM JIMana3oHe, Ype3BbIUAHO BBICOKAsI HArpy304Hasi CIOCOOHOCTS (10
150 A-nuk) u anexBatHas peakuus (B (haze) Ha BHeIIHee Bo3zaelicTBUe B Buae npoTuBo-JC akyctuku. 1
XOTsI 110 3ByYaHUIO OHU MMENH HEeOOJIbIINE OTIIMYHS, TEM HE MEHEe MOJIYUYUIIN BbICOKHE OLIEHKH Y
npodeccruoHaIOB U JIIOOUTENNeH Ka49eCTBEHHOTO 3BYyKa.

JlocTaToyHO CKa3aTh, UTO OTJAENbHBIE KOMIOHEHThHI KOMITAHUN HEBO3MOKHO IPUOOpECTH Aake Ha
BTOPUYHOM PBIHKE - Takue ycuiutenu kak, "Coherence", Model 7 u Model 9, cranu papureramu u
YKUBOM JIETEHJOM Cpear MEJIOMAHOB.

Bropoii myTh HCTIONb3yeT JIereHAapHbIi pa3padoTYUK U KOHCYJIBTaHT HECKOJIbKUX ayJHOKOMIaHUN
xon Kepin (John Curl). ITpu 3T0M OH nIpuAep>KUBAETCsI CICAYIOIINX MTPABUII:



— CKOPOCTb HapacTaHus BbIXOAHOTO HanpsbkeHus He meHee 100 B/mMkc;

— YacToTa IEepPBOTO MOIICca KaK MOXKHO BBIIIIE 3BYKOBOTO Jara3oHa (kenarenasHo He Hke 100...200
KI'm);

— MUHHMAaJIbHAs OOpaTHas CBsI3b, a JIYUIlIe €€ OTCYTCTBHE;

— paboTa BBIXOJIHOTO Kackaja B kiacce A 1o 10 Bt u 6osee (cMsardyaer KOMMYTaIIMOHHBIE
HCKKEHUSA);

— KaK MOYKHO HIDKE YPOBEHb HEUETHBIX TAPMOHHUK BBICOKOTO MOPSIKA HAUUHAS C 5-i U BHIIIIE;
— 110 BO3MOYKHOCTH M30erarh MpUMEHEHHsI IPOCCE Ha BBIXOJE AT 00CCIICUCHHS YCTOMIMBOM
paboThI TaK KaK APOCCCEIb C MHAYKTHBHOCTBIO JIaXke J0IM MKI H BHOCHT CYIIECTBEHHYIO

3a/IEPKKY U B COUETAHUHU C PEAaKTUBHON HArpy3KOM MOXKET CO3/1aBaTh MEPEXOIHbBIE TPOLIECCHI
KOJIe0aTeIbHOTO XapaKTepa;
— KayeCTBEHHOE IMMTAHHUE JIJIA KaXKJI0Oro KacKasa.

OH TaKxXe MoAeNnuICs IKCIEPUMEHTOM IIPOJIEMOHCTPUPOBAHHBIM CBOMM COTPYAHUKaM OKoJ1o 40
net Ha3aa. B xauecTBe ycunurenst Obl1 Henoib3oBaH Electrocompaniet pazpabotku Otana, a B Ka4ecTBe
BY-rpoMkoroBopuTens JEHTOUHBINM TBUTEP KoMmaHuu Pioneer ¢ monocoii 6onee 45 k['u. B kauectBe
TECTOBOTO CHTHAJIa OH MCIIOJIb30BAJT IPSMOYTOIBHBIA CUTHAMT (MeaHp) 9acToToi 5 kI 11 00paboTaHHbIHI
nepexinodaemMbiMu ¢unsTpamu HY nepBoro mopsaka 35 u 100 xI'1. [Ipu aTom Bpemst HapacTaHus
¢ponTOB MeHsANoCh ¢ 10 Mkc 10 3,5 Mkc. Bece coTpyaHuku ycnblnany pasHUlly B 3Byke. M3 aToro
IPOCTOr0 SKCIIEPUMEHTA OH CJIEJall BBIBOJ] UTO YEIOBEUECKUH CITyX OoJiee UyBCTBUTENIEH K CKOPOCTH
M3MEHEHHUS CHUTHAJIA, YeM K (PAKTUIEeCKON YaCTOTHOW XapaKTEPHCTHUKE.

Bonee noapobHO ¢ ero naeonorueit MOXKHO 03HAKOMUTHCS B [14], a Takke B psifie BEICKa3bIBAaHHM
Ha opymax, B yactHOCTH [23].

Hampumep, B uatepssio [20] Henscon Ilace ckazan cienyromee:

«Ilocnennue fecsTh JET ele pa3 NPoAEeMOHCTPUPOBAIIN, YTO BICOKOKAUE€CTBEHHBIE YCHIIUTENH C
VCKaXCHHUAMM JOJU MWIIMOHHBIX U IPYTMMH IIPEBOCXOAHBIMU XapaKTEPUCTUKAMU HE OUYEHB MOIYIISPHBI.
OT0 Kak uyucTas JUCTUUIMPOBAHHAS BOJA - Y HEE HET BKyCa, U OOJIBIIMHCTBO JIFOAEH HE XOTAT €€ MUTh. »

[TosTOMyY HE yAMBHUTEIBHO YTO MHOTHE IMIMPOKO M3BECTHBIE MPOU3BOAUTENN Takue Kak: Ayre, Akai,
Denon, darTZeel, Denset Beat, Krell, Lamm, Pass Laboratories, Pioneer, Rowland, Sony, Tandberg,
Threshold u npyrue Boimyckanu moaenu 6e3 oomieit NFB. A takue kommanuu kak NAD cranu
MOJHUMATh YacTOTY MEPBOTO IMOJIIOCA BBIIIE 3BYKOBOIO AMANa30Ha OrpaHUYMBasl IPU 3TOM NETIIEBOE
YCHUJICHHE.

B onnom u3 unepseio B.1lymypun (Lamm) npuen cieayrouuii npumep:

"V Hac Tpu ycunurens: oguH uMeet 1-2% uckaxkenuit, npyroit — 0,1% nckaxkeHuii, TpeTHid —
TBICSYHBIE JJOJIM MIPOLEHTA. Bce 3TO MBI CllylllaeM yepe3 akyCTU4ECKYIO CHCTEMY, KOTopas umeeT 5%
UCKaXCHUH. TeopeTndecKr Mbl HE JOJKHBI CIBIIIATh Pa3HUILY — TOJIBKO OYEPK aKyCTUUECKON
cuctembl. Ho MbI IpEKpacHO CIIBIIIKM, YTO YCHIIMTEIH 3By4ar no-paznomy. [lapanoke, npasaa? OTBer Ha
3TOT BONPOC HAITH HE TaK MPOCTO. Y MEHs YILIO HECKOJIBKO JIET, YTOOBI OHATh, KAK HA HETO OTBETUTH."
[IpaBia 0TBETOM OH TaK W HE MOJEIIUJICS...

1o mkane Pakockoro THD cTouTt Ha HU3IIEH CTYNIEHU KOPPEIISILIMM C KauecTBOM 3ByKa. Kymna
Ba)KHEE YJIEJIbHBIN BEC BBICIINX HEYETHBIX TAPMOHUK Ha4YMHAs C 5-i U BhIIE (0cOOEeHHO 7-i 1 9-i).

Jlxon Kepi co cepuikoit Ha Hemenkuit « CripaBouHUK pa3paboTku paguoTpoHoB» 1941 rona
NPUBOIUT TaKne BecoBble K03 duimenTsl it rapMoHuK [14]: N? /4 (N B crenenu 2 aeneHHoe Ha 4) 1is
KaXJ10i rapMOHUKH. B TakoM ciryyae BTopasi rapMOHUKa UMEET BeCOBOW KO3 (UIMEHT paBHbIH 1, a
HanpuMmep, 7-s1 — yxe 12,5 (1a 22 nb Bbiwe).

bonee toro, THD He yuuThIBaeT Takol CKOPOCTHOM MAPAMETP KaK BPEMs 3aAEPKKH IPOXOKIACHUS
curHana (time Propagation Delay) u ero nmoBeaeHue naneko 3a mpeeaaMy 3ByKOBOTO JThana3oHa. A Bellb
umeHHO ['B3 oka3biBaeT HambosblIee BIMAHUE HAa KauecTBO 3Byka. MHU n3mMepsiet uckakeHus B
YCTaHOBUBILIEMCS PEKUME (T.€. IO OKOHYAHUU NEPEXOIHBIX IPOLECCOB) U HE YUUTHIBAET UCKAKEHUS BO
BPEMEHHOI 00J1aCTH (CKOPOCTHBIE U MEPEXOAHBIE UCKAKEHHUS).

Uro kacaeTcs BIUSHAS TAPMOHUYECKHUX COCTABISIONIMX HAa TEMOP 3ByKa, TO 3TO OIKMCAHO Oojee
80-tu net Hazax [24]:

“Btopas rapmoHUKa J00aBISET ICHOCTU U IPKOCTH, HO HE O0JIee TOro, MOCKOIbKY 00U
MIPUHIIUII 3aKJII0YAETCS B TOM, YTO JI00aBIIEHUE OKTAaBbl HE MOXKET BHECTU HUKAKUX Pa3inuuil B TeMOpe
HJIN XapaKTCPHOM MY3bIKaJIbHOM Ka4CCTBC. KOF)Ia BTOpasA rapMOHHKa UMCCT TAKYIO KC CUITY, YTO U



nepBasi, OHa MMPOU3BOJIUT MOYTH TaKOH ke 3 (eKT, Kak 100aBIeHNE OKTABHOTO COEAUHUTENS Ha OpraHe
win (GUCTapMOHMHU WM UI'PAa OKTaBaMHU BMECTO OTIEJIbHBIX HOT Ha (popTenuaHo.

TpeThsi rapMOHUKA CHOBA JJOOABISIET HEKOTOPYIO SIPKOCTh M3-3a CBOETO BEICOKOTO TOHA, HO OHA
TaKXe BHOCHUT pa3JInure B TeMOpE, CTyIIasi TOH U J00aByIsis K HEMY XPHIUIBIN WJIM HOCOBOM XapakTep,
KOTOpBIﬁ MBI MOKEM HpI/I3HaTI> OJHUM N3 OCHOBHBIX I/IHI‘peI[I/IeHTOB TOHA KJIapHeTa.

YeTBeprasi rapMOHHKaA, OyTy4YHd Ha JIBE OKTABbI BBIIIE OCHOBHOM, TI00ABIISIET €111e OOJIBIIE IPKOCTH
1, BO3MOXKHO, JIaXe MPOH3UTEIHLHOCTH, HO HE 00JIee TOTro, Mo YK€ OOBSICHEHHON PUYHHE.

[Iarast rapmoHHKa, TOMUMO J0OABIEHUS ele O0bIIero Oecka, mpuaaeT TOHy 00raTcTBo,
OTYACTH MOX0XKEE HA PYMOPHOE, a IIecTas J0OaBIsIeT TOHKYIO MPOH3UTEIFHOCTh HOCOBOTO KaueCTBa.

Bce 3tu miecth rapMOHUK 00pa3yroT 9acTH OOIIETO aKKOpAa OCHOBHOW HOTHI U TTIOATOMY
COMIACYIOTCS C 3TOM HOTOU U IPYT C IPYTOM.

OpnHako cenpMasi TapMOHMKA BHOCUT JIEMEHT JUCCOHAHCA. To e caMoe BEPHO ISl IEBSITOM,
OJMHHA/IIIATON, TPUHAIIIATON U BCEX 0OJiee BRICOKUX HEUETHBIX TAPMOHHK; OHU TaK¥kKe T00aBISIOT
JIMCCOHAHC KaK Pe3KOCTh OCHOBHOTO TOHA M, TAKUM 00pa3oM, MPUBHOCIT TPyOOCTh WIIH PE3KOCTh B
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COCTaBHOM 3BYK. Pe3ynbTupyroniee KauecTBO TOHA YAaCTO OMUCHIBAETCA KaK "'MEeTaNTNYeCKUI

Emge B 50-x ronax Teo BuibsaMcoH nucai, 4To 1l BBICOKOKaY€CTBEHHOTO YCUIIEHUS 3BYKOBOTO
CUTHAJIa JIOCTAaTOYHO, YTOOBI HA MakcHUMalibHOU MormHOCTH Kr Ob11 He 6onee 0,1 %. B TakoMm cirydae
coJiepKaHue rapMOHUK (DaKTUYECKU HE OOHAPYKHBAEMO B CAMBIX YTOHYEHHBIX T€CTaxX MPOCIYIINBAHUS
(O4EBHIHO OH MMEJ B BUY JIAMIIOBBIE YCHJIUTEIH C KOPOTKUM CIIEKTPOM, K COBPEMEHHBIM
TPAH3UCTOPHBIM YCUIIUTEISAM 3TO He OTHOcHUTCs). OH Takke OTMETHUIL, YTO (pa30BbIe CABUTU MEXKIY
rapMOHUYECKHMHU COCTABIISIONIMMHE CIOKHOTO CUTHANIA B IMHAMHKE, 0COOEHHO Ha aTakax 3ByKOB,
OKa3bIBAIOT CYIIECTBEHHOE BIUSHNE HA €CTECTBEHHOCTh 3BY4YaHMUSI.

N3BecTHO, YTO YCHIIMTENH C HU3KUM IEPBBIM MOJIIOCOM UMEIOT (hazy MmeTeBoro ycuieHus 90
rpaj. IpakTUYECKHA BO BCEM 3BYKOBOM JHana3zoHe. Bot uyto nmo atomy noBoxay nuiiet C. Arees [25].

«IIpu pazoBoM yrie metneBoro ycuieHus, oauskom K £90 niu 270 rpaf., aMIIUTyIHbIE
HEJIMHEWHOCTH MCXOIHOTO YCHIIUTEISI MPAKTUUYECKHU TOTHOCThIO KOHBEPTUPYIOTCS B (ha30BbIE (T. €. B
napasuTHYIO (ha30ByI0 MOAY/IAIMIO, MyCTh U ociabiaeHnyo B [bK| pa3). [Ipu aTom napazutHast MOTyIALus
aMILIUTY/BI TPAKTUYECKH UCUE3AET, U MOJIy4aeMble pe3yJIbTaThl N3MEPEHUN HHTEPMOIYIISLIMOHHBIX
UCKa)keHH MoryT ObITh Ha 20...30 nb 6osee ONTUMUCTHYHBIMU, YEM HA CAMOM JIeJIe TIOKAXKET
aHanM3arop crekTpa (U ciiyx B cinydae ycunurens momHocty 34). K coxxanenuto, MIMEHHO Tak U OOCTOSIT
nena ¢ 6onpmuHCTBOM OY 1 MHOTUMU AMP».

BbuH MONBITKY HCKYCCTBEHHO PACHIMPUTH 00JIACTh TOCTOSIHHOTO METIEBOT0 YCUIICHUS C
MIOMOIIIBIO JIBYX-IIOJIOCHOM KOoppeKiuu. Ho 3To 1aeT ToNbKo yiydllieHue U3MEPSAEMbIX IapaMeTPOB
(THD), xauecTBO 3ByKa IMPH ITOM TOJBKO YXY/IIAETCS U3-3a M3MEHEHUN xapakTepuctuku [ B3.

I[To noBony padotel NFB B ycunurensx 38ykoBoit uacTotsl Yapnu XaHCeH MUIIET ClIeAyIoIIee
[26]:

«UYT0 KacaeTcst UCMOIB30BAHUS OOPATHOM CBSA3M B 3BYKOBBIX CXE€Max, MbI YK€ 3HaeM, 4TO 3TO HE
paboTaer Tak, Kak pekiamupyercs. Vaes cocTouT B TOM, 4TO BBIXOJIHOM CUTHAJI CXEMbI CPAaBHUBAETCS C
BXOJHBIM CHTHaJIOM. JIt00bIe pazimuuus (IIyM MM UCKaXEHHUE JII000T0 THIA) BEIUUTAIOTCS U3 BXOJSIIETO
curnana. Ho ecnu 651 3TOT nporiecc padboTan npaBMIbHO, TO BCE YCHIIMTEIH 3BYy4alld Obl OJJUHAKOBO,
MOCKOJIbKY BCE OHU HJICAIbHO BOCIPOU3BOAMIN ObI BXOJHON CHTHAJI.

K coxxasniennro, pealbHOCTbh HECKOJIBKO OoJiee 3armyTaHa, 4em Teopus. Ha camom merne Kaxabiid
YCUJIMTENb 3BYUUT MO-pazHoMy. [IpuMeHeHne oTpuLaTeabHON 0OpaTHOM CBA3M HUKOMM 00pa3oM He
IIOMOTAET ITOMY.

Paznuuns Me:kay 3ByKamMH yCHJIMTeJIeH ¢ 00paTHOM CBSA3bI0O HEe MEHbIIIE, YeM y YCHIIUTe el
0e3 00paTHOM cBsA3M. DAKTHYECKH, B 11€JIOM, HAIIl ONBIT MOKA3BLIBAET, YTO YCUJIUTEH C HYJIeBOI
00paTHOM CBSA3BI0 MMEIOT TeHICHIIHIO 3By4aTh 0oJ1ee MOX0xKke APyr Ha Apyra, 4eM THIIMYHbIE
YCWIHTEJH ¢ 00PATHOM CBA3BIO.

T'opa3go xy4munii moaXoa COCTOUT B TOM, YTOOBI POCTO CIIPOEKTHPOBATH CXeMY, KOTOpas 110
CBOe€il CYyTH fIBJISIETCH JIMHEHOM, 10 TAKOH CTeNeHH, YTO BKJIAJ UCKAKEHUI OT yCHJIUTes OyaeT
3HAYMTEJbHO (HanmpuMep, B 10 pa3) HMKe HCKaKeHN i, BHOCHMBIX rpoMKkoropopureasimu. Ilpu
BbINIOJTHEHUHU 3TOT0 YCJIOBUSA HET OCHOBAHUI NMPUMEHATH 00PaTHYIO CBA3b. JIDOOMY, KTO 3HAKOM €O
3BYKOM YCHJIMTeJIeH ¢ HyJIeBOil 00paTHOI CBA3bI0, OyeT TPYAHO BEPHYThCS K TPaAULMOHHBIM
KOHCTPYKIUSIM.)

HckaxeHus Bo BpeMsi epexoHbIX MPOLEeCcCOoB.



['apMOHUYECKUI CHTHAT OMUCHIBACTCS CIEAYIONIEH (hOpMYION:
A cos (ot + o)

rae
A — ammIuTya curHana,

o = 27fo — Kpyrosast 4acTora,
(o — HavayIbHas ¢aza.

[Ipu 5TOM A — BeMYMHA MTOCTOSTHHAS, a CIIEKTP CUTHAJIA COCTOUT U3 OJTHOW €TMHCTBEHHOU
COCTaBIAIOIIEH € 9YaCTOTOM (Do — MOHOXPOMATHUYECKUH CIEKTP.

Bo Bpems nepexoqHbIX NPOLIECCOB CUTHAJI CTAHOBUTCS KBA3UTAPMOHUYECKUM [27]:
s(t) = A(t) cos [mot + @(t)]

B oTnuume oT ycTaHOBUBIIETOCS PeKUMa aMILTUTYla CUTHAIa A U HadanbHas (asza ¢ 3aBUCIT OT
BPEMEHH Ha y4acTKe MepexoHoro mpouecca. [Ipu aTom amminuTyna curaanga A He NOCTOsIHHA (KaK MpU
TapMOHHYECKOM CHUTHAJIE), a CIIEKTP CUTHAJIA CTAHOBUTCS CIIOXKHBIM (C TOTIOTHUTETHHBIMHU
TapMOHUYECKUMHU COCTABJISIONINMHI) 3aBUCSAIITUM OT noBeAeHus GyHkuuu A(t). HanbGompumm
MCKQKEHUAM (B TOM YHCIIE€ U CKOPOCTHBIM M3-32 KOHEUHOTO BPEMEHU MTPOXOXKICHHS CUTHAJIA) TOJBEPKEH
nepBbIi epuon Oypera. B psine ciiydaeB nonoOHbIe HCKaKEHUS! BUIHBI HEBOOPY>KEHHBIM IJ1a30M,
0COOEHHO Ha peakTHUBHOM Harpyske. [To Mepe 3aTyxaHUs IepeXOIHBIX MPOIECCOB (TEOPETHUECKU UX
MPOAOJKUTENIBHOCTh paBHA OECKOHEYHOCTH ) UCKaXKEHUST YMEeHbIIatoTcsl. OJJHaKO yXkKe cO BTOPOTro
Mepro/ia HEBOOPYKEHHBIM I71a30M OHU MPAKTUYECKH HE BUAHBI, & CKOPOCTHBIE HCKAXEHHS U BOBCE
OTCYTCTBYIOT.

[TpruMeHHUTETHHO K YCHIUTENSIM 3BYKOBOM 4acTOTHI B 00JIee BBITOJHOM TOJT0KEHUN HAXOJSTCS
YCUJINTENH MTOCTOSHHOTO TOKA.

[IpuunHON TONMOJTHUTENBHBIX IEPEXOJHBIX MPOLIECCOB (KPOME pa3AeIUTENbHBIX KOHIEHCATOPOB
Ha Bxojie U B 1ienu FB, a taxke cuctemMbl CEpBOKOHTPOJIS) YAaCTO ABISIOTCS UHAYKTUBHOCTH
BKIIIOYaeMbI€ Ha BBIXOJIC YCUITUTENS IPEeIHA3HAUYCHHBIC TSI 00eCTIeYeHHs YCTOWIHBOW pabOThI. DTH
WHIYKTUBHOCTH 00pa3yIoT MOCJIEI0BATEIbHBIA KOJIEOATEIHHBIM KOHTYP C PEaKTUBHON HArpy3Koil B BUJE
€MKOCTH JocTuraromuiei B psze ciydaeB 8 MK®. [ToaTomy 1enecoodpazHo 1mo BO3ZMOKHOCTH
pa3pabaTbiBaTh YCHJIMTEIN HE HY)KJAIOUIHeCs B CTAOMIN3aUN UX Pa0OThI C MOMOIIbIO0 MHIYKTUBHOCTH.
B psine cnyyaeB g ctabunnsanuu goctarodHo nHAyktuBHoctH 0,1...0,2 MxI'H. JlocTaTouHO cKa3aTh 4TO
TaKOW MHAYKTUBHOCTBIO 00JIagaeT mpoBoa nuaMetpoM 1 M u jymHOH 10...20 ¢M Uaymui OT IJIaThl K
BBIXOJIHBIM pa3zbeMaM.

[Tapy cioB 0 BpemeHu npoxoxaeHus curuaina (time Propagation Delay). B ycunurensx
MMOCTOSTHHOTO TOKa TpynmoBoe Bpemst 3aaep>kku (I'B3) curnana nmeer ropu3oHTaIbHBIN Y4aCTOK OT
WHQPAHU3KUX YACTOT U MEPEKPHIBAET BECh 3BYKOBOH nuana3zoH. OueHb BaKHO YTOOBI ATOT Y4aCTOK OBLIT
He meHee yeM 10 300 kI'u. Beimie 3toit yactorsl ['B3 105KkHO UMETH TIaBHBIN ciaf 10 HyJs. JomycTumo
HeOonbioe yBennuenue ['B3 3a mpenenamu 3Toro nuanazoHa. 3Ha4UTENbHBIC TOaABeMbI [ B3
CIOCOOCTBYIOT POCTY CKOPOCTHBIX UCKaKEHUH (MCKaXeHHsI BOSHUKAIOIINE B MOMEHTHI U3MEHEHUS
YaCcTOTHI WJIM aMIUTATYBI curHana). Hanbonee mpocTo X u3MepuTh KOMIEHCAITHOHHBIM METOJIOM C
MTOMOIIBIO TECTOBBIX CUTHAJIOB YacToToi 10 KI'11 (TpeyroiabHBIX WU CHHYCOUIATBHBIX OYPCTOB).

Ha ropusonTanbhbix yuactkax I'B3 ero 3HaueHue coBnagaer 1o BeJIMYMHE CO 3HaUYeHUEM tPD.

BenuunHy BEKTOPHBIX MOTpEIIHOCTEH (@) B pe/esiax 3ByKOBOTO Jrana3oHa Jis
CHHYCOUAIbHOTO CUTHAJIA BBIYMCIISIIOT MO YIPOIeHHOH (opmyre [12]:

Kpurepuem Bemonnenus tecta SWDT (/1. Xaduepa) siBisieTcss BEKTOpHas TOTPEITHOCTH HE Oosee
-60 nb (0,1%) na wacrore 10 k['1, u He Oonee -70 nb Ha cpeqHUX YacTOTax 3BYKOBOTO quamna3ona [13].
Otomy TpeboBanuto 11 yactoThl 10 kI'11 coorBercTByeT tPD = T/1000*27 = 100000/6280 = 16 HC, a 11s
gacTtoThl 20 k['t1 — 8 Hc.

OpHako KaKk MOKa3bIBAET MPAKTHUKA B PAE CIy4aeB MOXHO MOJYYUTh BIIOJHE XOPOLINE
pe3ynbTaThl o kadecTBy 3ByKa mpu tPD He 6omee 100...120 He ((Hampumep, MIMESIS 9.2 - 3aBucur ot
noseaeHust ' B3 Brimie 300 kI'11) 1 0TCyTCTBHUM HEOOXOIMMOCTH MTPUMEHEHUS HHTYKTUBHOCTH Ha BBIXOJIE



YCUIIUTCIIA.

Yem MeHBIIIE 32/IEPKKA, TeM 00Jib1IIe NMOJIb3bI M MeHble Bpeaa ot NFB [28].

Martu OTana eme B cBoeii padore 1970 roga yTBepKaai, 4To «CKOPOCTh HapacTaHUs JOJKHA
MPEBBIIIATH CKOPOCTh, COOTBETCTBYIOIIYIO IIUPHUHE MOJIOCHl YCHIIMBAEMBIX YACTOT HA MHOKUTEb,
3aBUCANIUH OoT IyOnHbI FB 1 paBHbIN kak MUHUMYM 50, MHaYe BO3HUKHYT UMITYJIbCHBIE
UHTEPMOLYIISIHUOHHBIC UCKaKeHUs, T.1.M.

BrruncnenHas coriacHO 3TOMY YTBEp KJICHHIO MTOTpeOHast ckopocTh HapacTanus it 20 k' u 100
Bt Ha 8 OM -- 910 248.8 B/MKC, a monoca yactor 1MI'i! MHorue nu, gaxke cynepcoBpeMeHHbBIC
YCWJINTENHN MOTYT I1I0XBAaCTaThCs TaKOM ckopocThio?! TeM HE MEHee OHM CYIECTBYIOT: TOIOBBII
ycunuteslb NAD M3 umeer ckopocth Hapactanus (SR) 1000 B/mke; HK Citation XX — 500 B/mxkc;
Denon POA 2400 — 500 B/mxkc; HK PA-2400 — 280 B/Mxkc; KR-8050 — 200 B/mkc; KR-770 — 180
B/mxc; HK Citation 22 — 160 B/mkc: Sansui G-22000 — 175 B/MKc u T. 1. — niepedeHb MOXXHO
HPOJOKATh U TPOJOIIKATb. ..

3amac mo CKOpoCTH B COBOKYITHOCTH C XOPOIIICH JIMHEHWHOCTHIO ¥ OOJBIIIMM 3aI1aCcoOM I10 YCHIICHHUIO
co31aET BecbMa ONaronpusATHHIN POTHO3 MAJIOCTH BCEBO3MOXKHBIX HCKaXCHUN CUTHAJIA, B TOM YHCIIE
MHTEPMOIYJISIIIUOHHBIX ¥ TAPMOHUYECKUX MCKaXXEHHM BBICOKOTO mopsiika. [Tlocneqnue nanbomnee
3aMETHBI HAIIUM CIYXOM U OTBETCTBEHHBI 32 «TPAH3UCTOPHOE) 3ByUYaHHE.

Hazeroch uTo mpencTaBieHHbIN MaTepHrall O3BOJIUT 110 HOBOMY B3INISIHYTh Ha JaBHO U3BECTHYIO
UHPOPMAIUIO KaK K TPEOOBaHUAM MPEABSBISEMbIM K YCHIIUTEISIM BHICOKOKa4€CTBEHHOTO
3BYKOYCHUJICHHSI, TaK U K METOJ]aM MX TECTHUPOBAHMS [Tl MOTYYEHUS MAaKCUMATbHON KOPPEISIUT
pE3yNbTAaTOB U3MEPEHUI C KaUeCTBOM 3BYKa.
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