N3mepenne HCKaKeHU B YCUITHTEIAX

OT MeHs HepeKO MPOCHIN JIaTh ONPEACICHHE «CKOPOCTHBIM UCKAKEHUSIM).
Hazerock 3T0T MaTepuan MoMOXKeT MOHSThH YTO 51 BKJIAABIBAIO B 3TO
MOHSITUHE.

A. Ilempoe

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 MO0 OKOHYAHHUH MEPEXOAHBIX MPOIIECCOB, T. €. B
YCTaHOBHBILIEMCS PEXKUME) U HETMHEWHBIE UCKaKEHHSI BEI3BAaHHBIE HEUACATBHOCTHIO KaK aKTHBHBIX, 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 (pa30BbI€ COOTHOLIEHUS (M3-3a HEOMHAKOBOM CKOPOCTHU
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]:

I) MeTo ogHOTO TOHA (METO U3MEPEHUSI CYMMapHOTO KO GUIIMEHTa TAPMOHNYECKUX NCKaKEHUH —
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) MeTozb! ¢ pabourM CUTHAIIOM (KOMITEHCAIMOHHBIN MeTo]1 CanoXKoBa).
3aberas Hamepes 100aBUM ClO/Ia €1le OAHY TPYIIIY:
6) meTob! ¢ pabounMm curaanom Xadiepa-Kapsepa.

Kaxxmast 13 3TUX Tpynn UMeeT pa3HOBUIHOCTH, KOTOPBIE OTIMYAOTCS 110 CII0CO0aM PETUCTPaIiH
HEJIMHENHOCTH, BBIIEJICHUIO MPOIYKTOB UCKAKEHUH U T. 11

MHoro BpeMeHu MeTojiaM TeCTUpOBaHus mocBATUI Martu Otasia, ero uccieioBaHus Jer B
ocHoBy ctaniaptoB DIM-30 u DIM-100.

Takue pazpaborunku kak J[»xon Kepn (John Curl) ocoboe BHUMaHUE YACNISIOT YaCTOTE IIEPBOTO
MOJIFOCA M BBICIIMM rapMOHHMKaM HauuHas ¢ 7-i. Tak kak OOC nogaBisieT B OCHOBHOM HHM3LINE
rapMOHHUKH (2-10 U 3-10) ¥ IOYTH HE 3aTparuBaeT Boicuine, To Jxon Kepi ctapaercs 00xoquThest
MUHUMaJIbHOU T1yonHOM OOC 1ocTaTOYHOM ISl JOBEICHUS TPATUITMOHHO U3MEPSIEMBIX TTapaMeTPOB JI0
MUHUMAaJIBHO HEOOXOMMBIX TI0 CTaHaapTaM i ycunuteneil kareropuu Hi-Fi.

Jluan Oncon B pabore [3] numeT:

«B aneKkTpoHUKE KOPPEALUI MEKIY TPOLIEHTAMU UCKa)KEHUN U CyOBEKTUBHOM OILIEHKOM
3BY4YaHUs IPAKTUYECKH paBHA HYIO. [ apMOHUKHM HU3UINX MOPSAKOB IIOYTH HECIIBIIIIMMbI B CPABHEHHUH C
BEPXHUMH, XOTSI OHH U JOMHHHUPYIOT B udpax m3mepennit THD! Ctpenka u3mepuTens cooOmaeT
pa3paboTunKy MOITHYIO EPYHY.

[Topa oTnoxHYTH OT MUda MPOo “OIaAro3ByYHBIE UCKAXKECHUS W HAWTH T peabHbIC
TPYAHOYIOBUMbBIE HCTOUHUKH, CO3/IaI0IINE UCKAXKEHHSI B YCUIIUTENE, KOTOPhIE OTMEYAET YEI0OBEYECKOE
yx0. Kak TojIbko MBI HaiiJleM METO/Ibl U3MEPEHUHN, KOTOPHIE B CAMOM JIeJIe TIOMOTaloT, a HE MPSIYyT MPaBJIbI
OT HAcC, TO CTAHET Jierde pa3paldaTbiBaTh MEKTPOHUKY, APY>KECTBEHHYIO CIYIIATEI0.)»

K coxanenuto mmo ceit JACHb HepBHﬁ MCTOA TCCTUPOBAHUS ABJIACTCA OCHOBHBIM. 9ITO Kak B
HN3BCCTHOM aHCKJIOTC — HOYBIO UIIEM MMOTCPSAHHLBIC KIIFOUYU OT MAIIMHBI IO/ (1)0HapeM, a HC TaM Iac
MOTCPAIN — IMOTOMY YTO TaM CBCTIICC.

C MPUMCHCHHUEM OJHOI'O TOHA NPUMCHSAJIUCH UBMCPUTCIIN HA OCHOBC MOCTOBBIX CXEM JIA
MMoAaBJICHNA OCHOBHOI'O CUT'HAJIa U BBIACJICHUA BCCX T'APMOHUK Cpa3y, a TAKIKC MCTOAbI pa31CJIbHOTO



M3MEPEHUsI HAMPSHKEHUST KaXKI0M TapMOHUKHY € TIOMOIIBIO CTIIEKTPOAHAIN3aTOPOB.
Opnnako HanOoJbIIIEe PaCIPOCTPAHECHUE TTOTYIMIIH U3MEPHUTENIN HeTMHEHbIX nckakennit (MHI)
HAa OCHOBE PEKEKTOPHBIX QPMIBTPOB. CTPyKTypHAsi cCXeMa TaKOTO U3MEPUTEIlS MoKa3aHa Ha puc. 1
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Puc. 1 bnok-nuarpamma u3aMepuTensi HETMHEMHBIX UCKAKEHUN

[TonmpoOyeM pa300paThesi B UeM ke MPUYMHA HU3KOTO PEUTHHTA MOJA00HOTO poJia M3MEpPUTETIEH,
YTO K HUM OTHOCSTCS KaK K «IIPOOHUKAaM» JIJIsl KOHTPOJISI COOTBETCTBUS yCUITUTENEH UX crieupuKaiusam
B IIPOIIECCE TPOU3BOJICTBA (B TEXMPOIIECCE).

CymiecTByeT 60bIIOE MHOKECTBO PEKEKTOPHBIX (PHIIBTPOB KaK MaCCUBHBIX, TAK U AKTHUBHBIX HA
6asze OV. [l Toro yToOBI OIIEHUTH BKJIAJ NCKa)KEHUH B TIOJI€3HBIN curHai Ha yposHe Huxe 0,001% (-100
1nb) ypoBeHb Mo/IaBICHHsI OCHOBHOM rapMOHHKH J10MkeH ObITh Ha 10...20 ab rmybOxe, T. €. He menee 110...
120 nb. [yis Havama pacCMOTPUM MPOCTEHINNI TaCCUBHBIN QIIbTp 4-T0 mopsiaka Ha yactory 10 k[ Ha
6a3ze LC-anemeHnTOB, puc. 2
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Puc. 2 Pexxexropnslii puistp beccens 4-ro nopsiaka

AUX takoro gpuibTpa nokazaHa Ha pUCyHKe 3
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Kak Bugno n3 rpadpuxa AUX nmogasnenre ocHOBHOM rapMoHuku nmoutu 140 nb, a onmxaiimas 2-s
rapMOHHKA | MOCIEAYIOIINe epeaatoTcs 6e3 ocnabaeHus.

Crenyrommii mapaMeTp KOTOPBIA HAC MHTEPECYET ITO BPEMs YCTAHOBIICHUS, T.€. BpPeMs Yepe3
KOTOpO€ (PUIIBTP MOXKET aJIEKBATHO U3MEPATh UCKaKEeHHU. J[JIs1 3TOro moaMeniaeM K OCHOBHOMY TOHY
gactoroit 10 kI'y u ypoBHem 3 B(muk) curnan yactoroit 30 k['1iy yposuem 3 mxB (-120 ab), puc. 4.
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Puc. 4 Cxema uaMepeHus TpeTbeil rapMOHUKHU curHajia yactoton 10 kI’

3amyckaem Transient/Analysis 1 CMOTpUM pe3ynbTart, puc. 5
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Puc. 5 Pe3ynbrar nusmepenus 3-ii TapMOHUKH € TOMOILBIO CUMYIISITOpa

Pesynbrar TecTa mokaspIBaeT UTO MEPEXOAHbIE HCKaKEHUSI B caMoM (UIIbTpe ISTCs okoJo 1,5 mc,
T.€ IPUMEPHO B 15 pa3 nomblie nepruoaa n3MepseMoro curaana. Takum o0pa3oM U3MEPUTh UCKAKEHUS Ha
MEPBBIX MepHoax (Kak 3TO BO3MOXKHO CAENaTh ¢ MOMOIIbIO POrpaMMbl MUKpOKar 9-if Bepcum) He
IIPEJCTaBIISIETCS BOBMOXKHBIM, a BE/Ib UIMEHHO Ha MEPBBIX NMepuojax (HauOoMbLINi BKIa1 HA IEPBOM) U
MIPOUCXOJIST OCHOBHBIE NCKAKEHHSI B YCHUJIMTENSAX M3-3a MEPEXOAHBIX MPOIIECCOB, KOTOPhIE OIIMOOYHO
OTHOCST K JIMHEWHBIM UCKa)KeHUsIM. HarmoMHIo 4To TMHEMHbIE CKa)KEHUSI HACTYNAIOT 10 OKOHYaHUU
MEPEXOHBIX MPOLIECCOB, T. €. B YCTAHOBUBILEMCS PEKUME.

W3 akTUBHBIX PEKEKTOPHBIX (DMIBTPOB €CTh BApHAHTHI HA OCHOBE JIBOitHOTO T-MOCTa, MOCTa
Buna-Po6uncona u ap. Ho iryOuna nogasnenus Takux Gpuiastpos ensa gocturaet 40...50 1b, 9ro sBHO
HEJI0CTAaTOYHO. PaccMOTpHUM pexxeKTOpHBIN (GUIBTP Ha OCHOBE (ha3oBpamarenei, [4], puc. 6
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Puc. 6 Cxema pexexropHoro ¢puiabTpa Ha (ha3oBpaImaTesix

Taxoli GunbTp 1aBUT 0OcHOBHOM TOH yactotoit 10 kI'1y 60ee 95 nb, UToOBI yBeNMUUUTH CTENIEHB
MOAABJICHUS BKITIOUMM JIBa TAKUX (PUIIBTpA MOCIEA0BaTEeIbHO 1 n3MepuM AUX, puc. 7
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Puc. 7 AUX nocnenoBareibHO BKIIOYEHHBIX 2-X PEKEKTOPHBIX (DUIBTPOB Ha (ha3oBpalaTesisax

JloGaBuM Kk TecToBOMY curHany curtan 4actotoit 30 k' yposaem 30 mxB (-100 ab), u
IIPOBEPUM BpEMsl YCTAHOBJIEHMUSI, pHC. 8
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Puc. 8 Pesynprar nusmepenus 3-ii rapMOHUKHU

TecT moka3bpIBaeT, 4TO BpeMsi yCTAHOBJICHHUS TAKOTO (DMiIbTpa mouTu B 3 pasa kopoue. Tem He
MeHee HECMOTps Ha nojaBieHue moytu Ha 50 ab Gonbliie yeM y npeapaymero Guibrpa, GUIsTp HE B
COCTOSIHUM aJIeKBAaTHO U3MepUTh HckakeHus ypoBHeM 0,001% (-100 nb) u3-3a BHOCUMBIX UCKa)KEHUIN
aktuBHBIMH 31eMeHTaMu (OY). B kauectBe OV MCOIB30BaHbl MOJIETH OBICTPOJACHCTBYFOIINX
npeuu3noHHeix OY tuna OPA627. Takum 006pa3zoM gaxe ¢ 3TUM UIBTPOM TPeOyeTcs MPOIYCTUTh KaK
MHUHHUMYM 4 meproaa oCHOBHOTo ToHa. Keraru B mociennux Bepcusx Mmukpokana (11-s u 12-5)



HEBO3MOXKHO YCTAaHOBUTH MEHEe 4-X NepUOOB ISl IPOCYETA YCUIUTENS HAa HCKaXCHHUS (CTIEKTP
rapMOHHUK, o0muii 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 HANPSKEHUSU UM YIIIOBOM CKOPOCTH €T0 BpAIllEHHs ), YTO U UMEET MECTO HENPEPHIBHO 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 no narenty SU90185

CyIHOCTh MpeanaraeMoro crnocoda n3MepeHuit nosicusiercst cxemoit. C 3ByKOBOTo reHeparopa
CIUTONIHOTO CTIEKTPA PABHBIX aMIUTUTY/ [ HANpPsHKEHHUE IMOCTYIIAeT Ha BXOJ HCCIIEMYEMOro TpakTa 2 uepes
PEXKEKTOpHBIN GunsTp 3, 3aaepkuBaromIuii y3kyro nojocy yactot or fl1 mo f2. C Beixonma Tpakra 2
HaTPsDKEHHUE TTOBOIUTCS K HArpy3Ke 4 U MapauIelIbHO Yepe3 PerylisaTop HAPSHKEHUS 5 K ITOJIOCOBOMY
bunbTpy 6 ¢ monocoit nmponyckanus ot fl qo 2. C dunbTpa 6 HanpsHKeHHE MOCTYMAET HA JETEKTOP 7 U
3aTeM Ha rajbBaHOMETp §.

[TockonbKy mosoca nporyckanus GuibTpa 6 paBHa mojoce 3ajaepxanus ¢uisrpa 3 (Wiu
HECKOJIBKO XYXKe €€), TO Ha BBIXOJIC UCCIIEYEMOTO TPAaKTa, B CIy4ae ero JMHEHHOCTH, HE JIOJKHO ObITh
TOKOB, YaCTOThI KOTOPBIX JIEKAT B MOJIOCE IPONycKaHus puibTpa 6, U TalbBaHOMETP § HE JAOJKEH
OTKJIOHATHCS. OTKJIOHEHHUE K€ CTPETKU TajibBaHOMeTpa Oy/IeT yKa3bIBaTh Ha MOSBICHHUE HA BBIXOE
UCCJIEyeMOT0o TpakTa 2 TOKOB B mojioce yacToT fl - f2, T. €. TOKOB 4acTOT, KOTOpHIE, B CHITY
Hanmuuus GuiIbTpa 3, OTCYTCTBOBAIM HA BXOJE TPAKTA.

Otn 00pa3oBaHUs TOKOB B Tojioce 4acToT f1 - {2 SBIAFOTCS clencTBUEM MOSBICHUS TAPMOHUK
0T 00JIee HU3KOYACTOTHBIX COCTABIISIONIUX COMIEPKAIIIXCS BO BXOJHOM CHTHAJIC, U PE3yJIbTaTOM
00pa3oBaHMsl KOMOMHAIIMOHHBIX YaCTOT, IPUXOAIIMXCS Ha rostocy f1 - 2.



OTKIIOHEHNE CTPEIKU TaJlbBAaHOMETPa § MPOIOPLIUOHAIBHO HE TOJIBKO CTENIEHH HEJTMHEHHOCTH
HCCJIENYEMOTO TPAKTa, HO TAK)KE M aMIUIUTY/IE HaIPSIKEHUs, IEUCTBYIOIIETO Ha ero Bxoxe. s
pasnenbHOro yuera 000ux 3TUX (HaKTOPOB B CXEMY BBOAMTCS €ILIE OAMH MOJIOCOBOH QPUIBTP 9, NETEKTOP
10 n ranpBaHOMETp /] ¢ TAKMMH XK€ XapaKTEPUCTUKaMHM, KaK Yy aHAJIOTUYHBIX 3JIEMEHTOB 0, 7, §.

C nomomnibio peryisaropa HanpsoKeHUs 5 B nenb GuiibTpa 6 BBOAUTCS 3aTyXaHHUE, paBHOE
ko3 dunmenty ycwienus tpakra 2. [Ipyu 3ToM OTKJIOHEHHE TraibBaHOMeTpa // OyaeT TponpIHOHAIBHO
3.]1.C. TMOJIE3HOTO curHaina B nojoce yactoT fl1 - f2, a rampBaHoMeTpa & — MPOMOPLUOHAIBHO
3.]1.C. ICKaKEHU, HOBOOOPA30BAaHHOM cCaMUM TPAKTOM 2 B TOM ke Tojloce 4acToT. OTHOIIICHHE
MOKa3aHUH rajibBaHOMETpPa § K MMOKa3aHUSM rajbBaHOMeTpa //, IpU COOTBETCTBEHHO MOJO0paHHOM
3aTyXaHHUH PETYAsSTOpa HAMPsDKEHUs 5, OyleT SBISATHCS MEPOU HEeTMHEMHBIX MCKaXESHHM, CO3IaHHBIX
UCCIIEyEMbIM TPAKTOM.

Jist ynoOcTBa oTCcUeTa rajJbBaHOMETPOB & U 1/ MOKHO 3aMEHUTH JIOTOMETPOM, YTOJI OTKJIOHEHHUS
CTPEJIKU KOTOPOTO MPOINOPLHOHAIEH OTHOIIEHUIO TOKOB, IPOTEKAIOIIUX 110 €r0 KaTyIIKaM.

[TockonbKy 3ByKOBast SHEPTHUS paclipesieieHa M0 CIEKTPY YaCTOT HEPaBHOMEPHO, MOXKET
0Ka3aThbCs, YTO UCKAXKEHHUs1, U3MEpPEeHHbIE B nojoce yacToT f1 - 2, He xapakTepHbI 1715 IPYTUX y4aCTKOB
criektpa. [ToaToMmy GunsTpel 3, 6 u 9 cinenyeT cuenaTh NepeCcTPANBAIOIITUMUCS T10 AUAMA30HY 3BYKOBBIX
YaCTOT C COXpPAaHEHHEM HEM3MEHHOMU IMPHUHBI UX MOJIOCHI MPOITYCKAaHUs (M COOTBETCTBEHHO 3a/IePKaHMs).
[Tpu nocTaroyHO OBICTPOI MEPECTPOiike YMOMSHYTHIX (DUIBTPOB NMpUOOP OyaeT naBaTh
IIPEICTABICHUE O CPEIHEIHEPIeTUUECKON BEIMUNHE UCKAKEHUI 3a BPEMS, pABHOE NEPUOAY
nepecTpoiku GUIBTPOB. B 3TOM ciydae, IMEET CMBICI AETEKTOPHI 7 U /() BBITIOJIHUTH 1O CXEME
U3MepuUTeNeil UMITYIbCOB C COOTBETCTBEHHO 10100paHHOM MOCTOSHHOM BpEeMEHHU.

OcHOBHOM TOBOA JUIsI 110J1aUM 3aBKH 3aKIIIOYAETCSA B TOM, UTO MPOU3BOJUMbBIE IPU TOMOIIIH
MOIa4YM Ha BXOJ1 YETHIPEXIOIIOCHUKA YUCTOTO TOHA (MJIM HECKOJIBKO YUCTHIX TOHOB) TECTHI HE YUUTHIBAIOT
CHEKTPaJIbHOTO COCTaBa PeajibHOTO 3BYKOBOTO curHaia. [1oaTomMy Aaneko HEMoJHO OTpa)kaeTcsl BEIMYMHA
T€X HEJMHEWHBIX UCKAXEHUH, KOTOPbIE BO3ZHUKAIOT B annapaType Npu MOAYISALINN €€ HAPSHKEHUEM
CJIOHOTO CIIEKTPa, XapaKTEPHBIM ISl peaJIbHOM 3BYKOBOM IporpaMMsbl. He yuuTeiBaeTcst Takxke
BO3MO)KHOCTh BO3HUKHOBEHUS TOKOB KOMOMHAIIMOHHBIX YaCTOT, PE3KO YBEITMUMBAIOIINX HEJTMHEHHBIE
UCKa)XEHUS B pe3y/IbTaTe aMILTUTYIHO-()a30BON KOHBEPCHH CUTHAJIOB.

Camoe uHTEepecHoe uTo 1o 3ToMy Merony Ha AES-126 npoxonusuieM B 2009 rony B MroHxeHe
W3BECTHBIN CIEIUATKICT B O0JIACTH IEKTPOAKYCTUKH TIpod. A. DapuHa mpeacTaBUil JOKIAl U TIPETIOHEC
€ro KaK HOBBI METOJl TECTUPOBaHU [6].

Opnnako y metona Bonbda oka3zancst CymecTBEHHBIN HETOCTaTOK — HECMOTPS Ha BO3MOXKHOCTh
nepecTpoiiKu GUIBTPOB MO 3BYKOBOMY JHANa30Hy HEBO3ZMOXXHO TOUHO ONPEIEIUTh B KAKO HMEHHO
M0JIOCE YACTOT YCHJIUTEIh UMEET HauOOIbIIYyI0 HETUHEHOCTbD.

OTOT HEAOCTATOK ObUT YCTpaHEH U3MEPUTENIEM ASUCTBYIOIIMM POBHO HA00OPOT [7]: HA yCHIIUTENh
nojatoT 1/3 okraBHbIN 1IyM (OebIi ITyM, PO30BBIM IYM MIJIM NICEBOIIYM), a Ha BBIXOZIE €r0 BbIpe3atoT. B
pe3ynbTaTe B CIIEKTPE OCTAIOTCS MPOLYKTHI UCKa)KEHU I TIOPOXKAECHHBIE IIYMOBBIM CUTHaJIoM, puc. 10. A
TaK Kak IIyMOBOM CHTHaJ MPOMOYJIMPOBAH KakK MO YacToTe, TaKk U M0 aMIUIMTY/E, TO OH Kak pa3 u
IIPOBOLIMPYET CKOPOCTHBIE UCKAXKEHUSI XapaKTEPHBIE JIJIs IEPEXOHBIX MPOLIECCOB HA NIEPBBIX NTEPUOAAX
TOHAJIbHBIX CUTHAJIOB.

[Tonarasi, 4To BEICOKOYACTOTHAs YaCTh 3BYKOBOTO JIMana3oHa Hanbosee KpUTUYHA K HEeTMHEHHbBIM
UCKaXEHUSIM YCHIIUTEIEeH MOKHO OIrPaHUYHUTHCA HECKOJBKUMHU 1/3 OKTaBHBIMU MOJIOCAMU HaYMHasl C
gacToThl 10 k['1. B kauecTBe TECTOBBIX CUTHAJIOB MOYKHO HCITIOJIb30BaTh TOTOBBIE CUTHAJIBI UMEIOLINECS
Ha TECTOBBIX AMCKax A mpoBepku AUX (mpuMep NpUMEHEHUs TaKuX CUTHAJIOB IPUBEJEH B
IIPUIIOKEHNH).
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Puc. 10 IIpunnun pa6otst UHU ¢ ncnonb3oBanreM y3KOMmoIOCHOTO IIymMa

bonee noapobHO 0 pe3ynbTaTX CpaHUTEIbHBIX UCTIBITAHUM MOKHO O3HAKOMUTHCA B [8].

Crenyronum 11aroM B pa3BUTHH U3MEPUTEIBHON TEXHUKHU ObLIIO HEMOCPEICTBEHHOE BHIUNTAHHE
CHUTHAJIOB TOCIIe MacITaOMpoBaHus U (Pa30BOM MOATOHKU BXOJHOTO CUTHAJA K (pa3e BbIXoaHOTO, [9].
3TOT MeTOoJ] (METOJT B3aUMHOM KOPPEISAILIUH MEX/Ty BXOIHBIM U BBIXOJHBIM CUTHAJIaMM) ObLT 3aIIUIIECH
JIOKTOpOM TexHuueckux Hayk M. CanoxkoBbIM nuccepranueid B 1954 rony. 10T ke MeTos1 ObL1
omyonukoBaH u B [10]. ITo3nuee 3ToT MeTos ObLT omyOnuKoBaH B [11] u cTas u3BECTEH Kak METOT
bakcannanna. B Poccun nomynsipuzatopom 3toro merona oout M. AkyanH1YeB OMyOIUKOBaLINI psif
BEKTOPHBIX MHAUKATOPOB UCKa)KEHUH B >KypHaie Paauno.

Haubonee nmomHo Bce BUIbI HCKAXKEHUH OTpakeHb! B [12], 1 mpomILIIOCTpUpOBaHbl Ha puc. 11 u
12.

aMmnnnuTtygHasa
norpewHoCTb

BpemMAa 3agepxKun
npoxoxgeHna
CHUrHana

amnnuTyaa
BEKTOPHOM
NOrpewHocTn

\VOI (t )

MrHOBeHHOe naoeanbHbIA
OTKMOHeHne curHan

Puc. 11 MnmrocTpanmsi COOTHOIICHUS MEXK/Ty BEKTOPHOM, aMIUTUTYIHON U (a30BOM OMMOKaMH
[IPH MIPE/ICTABIICHUH CUTHAJIA B BUJIC (PYHKIIUY BPEMCHH.
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Puc. 12 CxopocTHast MOTPENIHOCTh, HEMHBEPTUPYIOLIETO YCHIIUTEIS TIPH BO30YKICHUH €TO
JIMHEHHO-HAPACTAIOIUM HAIPSKEHUEM.

Buns! uckaxxenwuii pacumdposansl Ha crpanuie 322 [12] B mynkrax 13 u 14, npuBenem ux B
IIOJTHOM BH/JIE ¢ HEOOJBIINMU IOTOIHEHUSMHU

13. CxopocTHasi MOrPEIIHOCTh PE3UCTUBHOM ONMEPAITMOHHON CXEMbI IEPBOTO MOPSIKA C COMPSTAIONIECH
9acTOTOH fc = 1/27te, BO30YK1a€MOU TUHEHHO-U3MEHSIONTUMCS CUTHAJIOM - TAKHM, YTO CHTHAI
Ha BBIXO/I€ U3MEHSETCS CO CKOPOCTBIO Wewnx, PABHA:

€ soix = - WebixTe (])
rac (Wgvix :Zﬂfw Usuix (2) (CM. H14)

7e = RC u (u3ndecku paBHO 3aepkke curHana (time Propagation Delay — #/PD) B onoce nponyckaHus

14. Kak ckopocTHast MOTpemIHOCTD € epix IPU HETAPMOHUYECKOM, TAK U BEKTOPHAs IOTPEIIHOCTD &v TIPU
rapMOHHMYECKOM BO3/IEICTBUM BBIPAKAIOT OJJHO U TO )K€ OCHOBHOE AMHAMUYECKOE OTpaHUYEHUE,
CBSI3aHHOE C HAIMYMEM COMPSATAIOIICH YacTOThl OTICPAIIMOHHON CXEMHI fe. B pe3uCTUBHO onepannoHHOM
CXeMe MEPBOTO MOPSAKA STH JBE MOTPEIIHOCTHU CBSI3aHBI MEXKAY CO00I COOTHOIICHUEM:

- €6blx/U6le: gv (fw) (3)

[ToncraBuB Beipaxenue (2) B (1) nomydaum:
€ stix = - WebxTe = - 27Z'fw Usoixte = - 27Z'fw Ueblx(tPD) (4)

3aMEHUB YaCTOTY IEPUOJIOM ISl TAPMOHHYECKOTO BO3CHCTBUS MOTYUHM:

Coox= -21 Uebzx‘L'c/T: -2r Uebzx(tPD)/T (5)

W3 mynkra 14 BBITEKaET 4TO CKOPOCTHASI TOTPEITHOCTH MPU HETAPMOHUYECKOM BO3ACHCTBUU U
BEKTOpHAs MOTPEIIHOCTh MPU TAPMOHUYECKOM BO3/ICHCTBUHU BBIUUCIISIIOT 110 OHOM U TOM ke dopmyre,
YTO HE YIUBUTEIBHO, TAK KaK HAYaJIbHBIA YIACTOK CHHYCOHUIBI MOYKHO C XOPOIIIUM PHOITKECHHUEM
CUUTATh HETAPMOHUYECKUM BO3/ICHCTBUEM.

Mertobl U3MEpEeHUsT BEKTOPHOM MOTPEITHOCTH 3aKTIOYAIOTCS B IPSIMOM BBIYMTAHUU BBIXOIHOTO
CUTHaJIa U3 BXOJHOTO MPHUBEIEHHOTO M0 YPOBHIO K BBIXOJHOMY. Hampumep 111 HHBEPTUPYIOIIETO
YCUJIMTEIIS 9TO BRIIJIAIUT Tak, puc. 13 [12]
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Puc. 13 Cxema 111 n3MepeHusi BEKTOPHON MOIPEIIHOCTH HHBEPTOPA HAIPSKEHUS

Tak kaKk ycuiaeHue paBHO MUHYC 1, TO pe3yabpTaT BEIUNTAHUS OCYIIECTBISETCS HA pe3UCTOpax
PaBHOU BEJTUYUHBI.

Pa3paboTunky HYKJanuCh B TECTE KOTOPBINA OBl KOPpPEIUPOBAJ C KauecTBOM 3ByKa. M J[»Bus

Xaduep npetoxku Takoit Tect nmox HazBanueM SWDT («straight-wire» differential test -
nudGepeHIMBIBHBIA TECT «IIPSIMOTO TpoBoaay) [13], puc. 14.

OpaiBepHbIi (Bo30yxaarowWwmun) ycunutenb

_ 8 (4) Om
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KOHTpONbHbIA
TecTUpyeMbId YCUNUTENDb rPOMKO-
(HEMHBepPTUPYIOLWWIA) roBopuTenb

YaaneHHblil rPOMKOrOBOPUTESb

Puc. 14 brok-cxema u3mepuresns BEKTOPHBIX MorpentHocTeit Xaduepa

Tect Xaduepa 3akiodaercs B CpaBHEHUH BBIXOJJHOTO HAPSKEHUS C IPOMACIITa0MPOBAHHBIM
BXOJIHBIM (C BXOIHBIM HalIPSDKEHUEM IPUBEICHHBIM 10 YPOBHIO K BBIXOJJHOMY €CJIM CMOTPETH OT BXOZAA



TECTUPYEMOTO YCUJIMTENIA K TOUuke A uepe3 arteHtoarop). O4eBUIHO, YTO €CIIM BXOA U BBIXOJ MJICHTUYHBI,
B KOHTPOJIBLHOM I'POMKOTOBOpHTENIE (HAYITHUKAX) He OyzneT curHaia. JIro0o 3ByK, CIBIIIMMBIN TTOCITE
THIATETHHON OATaHCUPOBKH, OYJIET HCKaKEHUEM. 3a «HYIb-TecT» Xaduep npeanoxui yposeHs -70 n1b
IUTst cpeiHuX yacToT (ocnabnenue curnana B 3000 pas umu 10 0.03%) u -60 b (ocnabnenue curnana B
1000 pa3 unu 1o 0.1%) 11t BBICHIMX 4acTOT 3BYKOBOT'O IMana3oHa.

B omHOM u3 oTBeTOB Ha Bompock! 1o cratke [13] o mpumenennn tecta SWDT Xaduep numer:
«310 He HoBas ujed. OQHAKO B MPOILIOM YCUIUTENH BBIIISAEIN OYEHb TUIOXO B 3TOM TECTE, KOTOPBIi
BBISIBIJI Bc€ HEOCTATKU. XL-280 MOXKET OBITh IEPBBIM YCUITUTENIEM, TIPEJIararoIiM XOPOIIIHi HYJIEBOU
curHain ¢ SWDT.»

Wnest nelicTBUTENIbHO HE HOBAsl, HO pa3pabdOTYMKaM aylIHOYCHIIUTEIEeH X0ueTCsl BUAETh MPOTYKThI
MCKa)KEHUM, a HE BEKTOPHbIE MOorpenrHocTi. Ho 11t 3T0ro Hajo mpoBOAUTH TECT C YYETOM 3aI€PKKU
MIPOXOXKACHUS CUTHAIA.

U xots Tect Xaduepa He U3MEpSET HENMHEHHbIE HCKAaXEHUs, a TOJIBKO BEKTOPHBIE MTOTPEIIHOCTH,
TE€M He MEHee OH Oosiee MHPOPMATUBEH YeM JTFOOO0M JIPYTOi TECT.

B otnuume ot metoma CanokkoBa-bakcanmania B 3ToM METO/I€ HE UCTIONB3yeTcs (ha3oBast
MOJICTPOIKA UTO CYIIECTBEHHO YIPOUIAET MPOLEAYPY TECTUPOBAHUS, a C APYTON CTOPOHBI YUUTHIBACT U
BHOCUMBIC (Da30BbIE HCKAKEHUSI KOTOPBIC HEPEIKO MPUBOIST K CEPHE3HBIM UCKAKEHUSIM CBSI3aHHBIM C
aMITTUTYTHO-()a30BOM KOHBEPCUEH CUTHAIIOB.

Ota MBICIIb IPO3BYYaja B Jokaaae "Bricora, TeMOp, pa3ieneHne HCTOYHUKOB U MU]BI O
BOCIIPOM3BEICHUH 3ByKa Yepe3 IPOMKOTOBOPUTEIHN" U3BECTHOI'O CIIELIUATINCTa B 00OJACTH NICUX0aKyCTUKH
. I'pusunrepa Ha AES-132 npomenamem B bynanemre B 2012 rony. B cBoeMm gokiazne oH mokasai 4Tto
Ype3BbIUAHO BaKHOE 3HAYEHHE UMEIOT (ha30Bbl€ COOTHOILLIEHUSI BEPXHUX FAPMOHHK B CIIEKTPE, a TAKKE,
YTO MIPU BOCIPOU3BEACHUH Y€pe3 TPOMKOTOBOPUTEIN B TOM WJIM UHOM CTENEHU BCETJIa HApYIIAeTCs
CTPYKTYypa aMIUTUTYIHOTO U ()a30BOTO CIIEKTpa, IOATOMY 3ByUaHHE Bcerja OegHee mo TeMOpy, YeTKOCTH,
SICHOCTH U JIp., YEM HATypaJbHBIN 3BYK.

MoskeT co3naThCs BIeYaTieHHE YTO OT BEPXHEro M0 CXEME YCHUIIMTENS pe3yJbTaT TeCcTa He
3aBHUCHT, BeJ[b €TO 3a/1a4a BCETo JIUIIh BBIIATh aMIUTUTYLy curHasia. Ha camom niese oH T0mKeH ObITh
JIOCTATOYHO HIMPOKOIIOIOCHBIM (CKOPOCTHBIM) YTOOBI HE «CMa3aTh» TOHKHE HIOAHCHI 3ByKOBOTO
Marepuaia u He O0JIerdyuTh 3a7a4y TECTUPYEMOMY YCHIIUTENO. TONBKO B 3TOM CITy4ae MbI TOTYYHM
OoJsiee JOCTOBEPHYIO HHGOPMAIUIO O TECTUPYEMOM ycumuTene. Eciu jke ncrnoiab30BaTh «TOPMO3HYTHIN
YCUWJIMTEIb (TaKUM MOXKET OKa3aThCsl OJIMH KaHAJI TECTUPYEMOTO CTEPEOYCHIIMTENS UCTIONIb3yEeMbIH Kak
JpaiiBepHBIii), TO TECTUPYEMBIN YCHIIUTEIb MOXKET BBIIISZET JIyUIlle YEM OH €CTh Ha CAaMOM JIeJIe.

[To moBoxy Tecra Xaduepa [xon Kepn ckazan cnenyromee [ 14] (ctp. 40):

«ITpu Bcem yBaxkennu K J3Bumy Xadmaepy. Ero ycunurenb, BO3MOXHO, ITPOIIET €r0 TECT, HO ATOT
YCUIIUTENb HE CUUTACTCS «HUICATHHBIMY» HU MO0 OTHOMY CTaHAAPTY M OOBIYHO «MOACPHUUPYETCS
JTIOOUTENSIMHU, C OTMEUEHHBIM «yaydlieHneM».». Hamo monarare uto oH umen B BUAy ycunutenb XL-280.

Ha nepBb1it B35 3TO BBICKa3bIBAHUE MOXKET NIOKA3aThCs MapagoKcanbHbIM. Ha camom nerne
MHOT0€ 3aBUCHUT OT TECTOBBIX CUTHAJIOB. Eciin MCHOIBb30BaTh YHCTO CUHYCOUJAIbHBIE CUTHAJBI, TO
U3MepeHwsl OyIyT Majio OTIN4YaThCs OT u3Mepenus THD B ycTaHOBUBIIEMCS PEXXKHUME C BHITEKAOIIUMU
nocneacTBusMu. Hanbosnee onTuManbHbIi curHal i moJoO0HOTO TECTUPOBAHUS TPEYTOJIbHBIA CUTHAT
yactoror 10 kI'iy mporymennsiit uepes @®HY 100 xI'1. Takoit curHan oueHs y100€H B KauecTBE
TECTOBOTO BO BCEX OTHOILIEHUSIX, CKOPOCTh HapacTaHus/craaa GpoHTOB CUTHANIA OJM3Ka K MaKCUMaIbHON
CKOPOCTHU HapacTaHUsl BCTPEUAIONICICS B pealbHbIX 3BYKOBBIX CUTHAJIAX, @ HA BEPIIMHAX CUTHAJIA
MIPOUCXOUT U3MEHEeHHEe HanpspkeHus dV/dt xapakTepHoe 17151 TOHKUX HIOAHCOB PEaIbHOTO 3BYKOBOTO
CUTHaJA (BBISBISET CKOPOCTHBIC UCKAXKCHHS TBAXK/IBI 32 TIepro[). IMEHHO TeCT C TOMOIIBIO0 TAKOTO
CHUTHaJIa MOoKa3aji 4To Mozeib yeruauTenst XL-280 BHOCUT CKOPOCTHBIE UCKaxkeHus 10 1% u Gosee BMECTO
0,1% (6onee mogpodHO cM. IIpunosicenue 1).

HpI/I HCIMOJIb30BAHUHN CUHYCOUIAJIBHOTO CUT'HAaJIa, paBCHCTBC aMIJIMTY/] Ha BbIXOdaX YCHHHTCHCﬁ )41
OTCYTCTBUH MCKaXCHUH Pa3HOCTHBIA CUTHAN OyAET MPEACTaBIATh COOOU TaKKe CHHYCOUY, HO
CABHMHYTYIO 1O (ha3e, aMIUIUTya KOTOPOM 3aBUCUT OT 33JCPHKKHU IMPOXOXKIACHUS CUTHAJIA TECTUPYEMOTO
ycunutens (tPD):

a = 2nA*tPD/T (6)
9IS
T — mepuon curxana, MKc;



A — aMIITUTYy/1a CUTHAJA Ha BbIXOJaX ycuiauTeneil, B
tPD — BpeMs 3aJIep KKK IPOXOKACHUS CUTHAJIA, MKC

N3 popmyssl (6) BUAHO YTO YPOBEHh BEKTOPHOM MOTPEITHOCTH OOPATHO MPOMOPIIMOHATICH
nepuofy (MpsiMO NponopLroHaIeH yacToTe). [loaToMy Ha BBICIINX YacTOTax HanboJee TPyAHO
o0ecrevynTh Majble BEKTOPHbIE TOTPEIIHOCTH.

[Tpennonoxum HanpspKeHUs curdana yactoroi 3 k' Ha Beixogax ycunurenei no 60 B (ot nuka
JI0 TIMKA), a pa3HOCTHBIN curHai paBeH -70 nb (ocmabnenue B 3000 pa3), 9TO0 COOTBETCTBYET YPOBHIO
BEeKTOpHOI morpemnrHocty 20 MB (oT nuka 1o nmuka). B atom cinyyae u3 ¢popmynsl (6) tPD paBHo:

tPD = aT/2nA = 0,02*333/6,28*%60 = 0,0177 mxc = 17,7 He

IToncunTaem NpeaenbHO TOMYCTUMYIO 3aAep KKy Uit yacToTsl 20 kI’ mpu BekTOpHOMH
norpemHocTy -60 n1b, oHa cocTaBUT Bcero 8 Hc.

Hano ckasare 4T0 3T0 1OCTaTOYHO *KecTKue TpeboBanus st Y M3U, Tak Kak MojiaBisiomniee
OOJBIIMHCTBO YCHUIIUTENECH Haxoasmuxcs B okcruryaranun umeeT tPD ot 200...300 He 1o 1,5 mkc u 6onee.

Ecnu opueHTHpOBaThCA Ha aMIUTUTYAHYIO TOYHOCTh nepenadn curnana 0,01%, To B coorBercnu ¢
BbIBOJIaMH [ 12] mosoca mpomycKaHusl YCHIIUTENS C OTHOTIOIIOCHOM KOPPEKIUEH ToKHa ObITh He MEHEe:

fo=(100N2)fi = 71fi (7)

[ToacraBum B popmysty (7) BEpXHIOIO 4aCTOTY 3BYKOBOTO JIMAla30Ha, B Pe3yabTaTe MoaydrM
HE0O0X0MMMYIO Tosiocy mporyckanus 1,4 MI'. DTo o3HauaeT 4To BpeMs 3aICPKKH MPOXOKICHHS
CUTHaJIa HC JOJIKHO IMPCBLIIIATL:

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

Takum 00pa3oM B COOTBETCTBUU ¢ pacueTamu 1o Gpopmyinam Upxu JJocrana momoca mpomycKaHHs
YCUJIMTEIS TOJDKHA OBITh HEe MeHee 1,4 MI'1, a Bpemst 3a71ep>KKH TIPOXOXKJICHHUSI CUTHAIA B CAMOM
ycunurene (6e3 yuera 3a1ep>KK1 BI3BAHHOM BXOIHBIM PaaHodacTOTHBIM (puiasTpom HY) mmst
BBICOKOKaYeCcTBeHHBIX ycrunTeneit ¢ OOC He noikHO npeBbimarh 130 HC, HO B TAKOM Cily4dae 3TO He
OyZeT COOTBETCTBOBATh OoJIee JKECTKUM TpeOoBaHUsAM TecTa Xadiepa.

B HEKOTOPBIX COBPEMEHHBIX TOMOBBIX YCHIIUTENAX 3TOT IMApaMeTp CTalIM yKa3biBaTh. Hanpumep, B
TEXHUUYECKUX XapakTepucTukax Ha ycunuteab MIMESIS 9.2 yka3zaHo:

GROUP DELAY
- Propagation Delay: < 100 ns stable from DC to 200 kHz

AHaJOTUYHBIN «HYTb-TeCT» Hcnonib3oBan u bo6 Kapsep [15], puc. 15
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Puc. 15 brnok-cxema n3MepeHnss OTHOCUTEIBHOIO YPOBHS UCKAKEHUM 110 OTHOLIEHUIO K ATAJIOHY



B otnnume ot opurnHansHOTO TecTa Xadiepa, B Tecte KapBepa ncronb3yercsi CpaBHEHHE MEXTY
BBIXOJIOM «3TajoHa» X1 U BeIX010M TecTupyemoro ycunutens X2. Kak nokasan sKCepuMeHT
KOPPEKTUPOBKA [MapaMeTPOB YCUIIUTENS CPEIHEN IEHOBOM KaTErOPUH IO/ TAPaMETPhI 10POroro
«atanona» ¢ TouHocThio -70 1b (0,03%) obecnednno UACHTUYHOCTh UX 3ByYaHUSI.

Tak kaKk MbI CTpEMUMCS K UACATBHOW TOYHOCTH TO MPU MOJEITUPOBAHUH C ITOMOILBIO
CUMYJISITOPOB B KQUY€CTBE 3TAJJOHHOTO YCUJIMTEIS MOKHO HCIIOJIb30BaTh UI€AJIbHBINA YCUIIUTENh C
K03(pPUIIMEHTOM yCUJIEHUS! PAaBHBIM YCUJICHHIO TECTUPYEMOTO YCHIIUTEINSI Ha YacToTe curHaina. Torga st
M3MEPEHUSI BHOCUMBIX MCKAKEHUU TOCTATOYHO 3a/1€pKaTh BBIXOJHOM CUTHAJ UACAIBHOTO YCUIIUTEIS C
TTOMOIIBIO MICAIbHON JTMHUH 33JIEP’KKH Ha BPEMSI 3aJIEPKKU MTPoXokaeHus curHaina (tPD) B
TECTUPYEMOM yCHUJIUTEIIE.

Meron KapBepa MOKHO UCIIOJIB30BATh U JIJIs1 U3MEPEHHUS MPUPAIICHUS UCKaKEHUW Ha
MaKCUMaJIbHON MOITHOCTH (WK JTFOOOH JAPYTroit) HapuMep, 0 OTHOIICHHUIO K BBIXOIHOW MOIIHOCTH |
Bt. JIns atoro ycunurenu X1 u X2 q0mKHBI UMETh OMHAKOBBIC TTapaMeTphl (HaTpruMep MOHOOIOKH
onHOM Mapku). Ha BeIXojie OJHOTO U3 HUX MapasuieIbHO HArpy3Ke BKIIOYAEM JIETUTENb (PE3UCTOP
KOTOPBIM COEMHEH C «00LIM» OepeM paBHBIM Harpyske, a BEpXHUHN pe3UCTOp PaCCUUTHIBAEM TaK YTOObI
B TOYKE COCJAMHEHUS PE3UCTOPOB JIEIUTENs ObLIO HAMIPS)KEHUE COOTBETCTBYIOIIEE BBIXOIHON MOIIHOCTH
1 Bt). Ocraercs B ycuiutene ¢ AeIuTelIeM NapajuiebHO Harpy3Ke BHICTABUTH BHIXOJIHYIO MOLTHOCTD
OMM3KYI0 K MAKCUMAJIBHOM, a BO BTOPOM YCHJIMTEJIE BXOJJHBIM aTTEHIOATOPOM BBICTABUTH BBIXOTHOE
HaIpspKEHUE PaBHOE HAIPSKEHUIO B TOUKE JIETIEHUS PE3UCTOPOB MEPBOTO ycunuTens. Ecnu napameTpsl
YCUIIUTENCH OTMHAKOBBIE (BaXKHO YTOOBI ObLTH paBHBI tPD), TO BeKTOpHBIE HCKaKEHUS OymyT
CKOMIIEHCUPOBAHBI ¥ B AUArOHAIM MOCTA MBI [TOJIyYMM B YHCTOM BUJE IPUPOCT UCKAKEHNN. IX MOXKHO
OLIEHUTH ¢ TIoMo1Ibi0 ociuniorpada, MHU unm ciekrpoananuzaropa.

N3 MCUXOAKYCTHKU U3BCCTHO YTO JeJI0BEYSCKUU CIIyX HaI/I6OHee YYBCTBUTCIICH K CKOPOCTH
n3MeHeHus (a3bl, T.€. K TpynmnoBoMy BpemeHu 3anepxku (['B3) u ee n3aMeHeHUsIM B 4aCTOTHOM OOJIACTH.
Ha camom pene BaxxHO nocTosiHCTBO ['B3 He TONBKO B 3BYKOBOM JIMaIla30He, HO U JIAJIEKO 3a €ro
npenenamu (BIioth 10 1 MI' u nanee).

B3auMocCBs3b BEKTOPHBIX OTPEITHOCTEH C BPEMEHEM 3aJIEPKKH HETPYIIHO MPOCIEIUTh 110

CIIEAYIOIUM pUCyHKaM, 16 — 18.
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Puc. 16. Unmoctpanus Mexanu3ma o0pa3oBaHMs CHHYCOUJAIBHOTO KOJIeOaHUs C TIOMOIIIBIO
Bpalmaromerocsa BEKTopa.

Crenyromye WUTIOCTPAIIUH TOKa3bIBAIOT B3aUMOCBS3b BEKTOPHOH MOTPEITHOCTH C BpEMEHEM
3aJIepKKH MPOXOXKIEHUS CUTHAJa. B Jarammrax Ha HEKOTOPBIE BBICOKOCKOPOCTHBIE ONIEpaIlHOHHBIE
YCUJINTENH BpeMsl 3aJIep’KKU MTPOXOXKACHUs curHasia nmpuseneHo kak tPD (time Propagation Delay).



Ha pucynxke 17 npuBeneHa uaeanbHas MOJENIb BEKTOPHOIO CIOXKEHHSI CHHYCOU/.
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Puc. 17 Moznenb BEKTOPHOTO CIIOKEHUS HaNPSKEHUN

Ha pucynxke 17 nokazaHo 4yeTslpe CUHYCOM/IbI, HO TaK KaK OHM 3aJIep>KaHbl IpyI OTHOCUTEIBHO

Ipyra Ha HeOOJbIIOE BpEMsI BU3yaJIbHO OHM ClIMBatoTcs. CHrHaN reHeparopa 4acToToi 20

kI 11 uMeeT

ammuintyny 15 B. Ilpu cnoxeHuu IByX CUTHAJIOB OIMH U3 KOTOPBIX 3aJ€pKaH Ha HEOOJIBIIOE BpeEMs
aMIUINTYZIa BBIXOJJHOTO CUTHAJIa MpaKTU4YecKu ynBaupaercs u pasHa 30 B. [y Toro 4to0Obl Bce yeThipe

curHaia ObuT OTHOM aMIuIUTYb! 11t curHanoB IN1, IN2 u tPD npumenen MHOXHTEND 2.

HavanbHblil yuacTOK CHrHaza BBIIEIECHHBIN NPSIMOYTOJbHUKOM MOKa3aH Ha CJIEAYIOIEM PUCYHKE B

pPacCTAHYTOM BH/C

20kHz_delay-10n.CIR

CHrHaN 4acToToi 20 Ky £ aMnanTygoil 30 B u IPD = 10 AS NOMyYeH CNOKEHNEM
ABYX CUTHANOB ¢ aMANUTYLOR 15 B OIMH U3 KOTOPbLIX 33JepiKaH Ha 20 NS

LlnuHa OKPYKHOCTH paeHa 2nR. neprog 20 Ky paseH T=50 uS
[inuHa BEKTOpA & CABUHYTHro Ha 10 nS paBHa: :

O amworsszaodomeonsEo00 s -@eem L _— T
oTKyAa:
tPD = aT/ 2nR \
! vector-error
01 ] . 0 g

50.000m

Qr.eem

CKOPOCTHbIE NCKaXKeHWUA MO aMnnnTyne
paBHbI NONOBNHE BEKTOPHBIX
MorpewHocTei, a No ANUTeNbHOCTH -
yasoeHHoi MB3 (tF'DJ

SD - speed distortion
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Puc. 18 HayanbHbli y4acTOK pe3ysbTaTa CIOKEHHS 2-X CHHYCOU

60.000n

W3 pucyHka 18 BUIHO 4TO NpU CIIOKEHUU UCXOAHOTO CUTHaa (UepHasi) U 3aJep:kaHHoro Ha 20 He

curHasa (po3oBasi) 00pa3yeTcs BBIXOAHOM cUTrHaJ (KpacHasi) ¢ 3aJIepKKOi BABOE MEHbILEH,

T. e. 10 Hc.

bonee TOT0, Ha HAYaJIbHOM Y4aCTKC HEM30CKHO BO3HUKAIOT HCKAXKCHUS Ha MPOTSAXKCHUN 20 HC, T. €. Ha

npotsokenuu 2*tPD. Upxu Jloctan ynoMuHaeT B CBO€i KHUIE O CKOPOCTHBIX MCKAKEHUAX

, HO HC 1acT

YCTKOTO OPCACIICHUA YTO 3TO TAKOC. S1 B3s11 HA ce0st OTBETCBTEHHOCTh HA3BaTh ATOT BUT HCKaKCHUH



CKOPOCTHBIMH, TaK KaK OHHM HEIIOCPEACTBEHHO CBS3aHbI C TAKUM CKOPOCTHBIM ITapaMeTpoM Kak tPD u
BO3HHMKAIOT B MOMEHTHI U3MeHeHHs ckopoctu dV/dt. B uneasne 3Ti nckakeHUs 110 aMIUIMTY/IE PABHBI
II0JIOBMHE BEKTOPHOM MOIPELIHOCTH (M3 IPOEKLINHU XKEJITOr0 TPEYroJbHUKA HAa TOPU3OHTAIBHYIO OCb), a
1o BpeMmenu 2*tPD. AMIiuTyaa v ATUTEIbHOCTh CKOPOCTHBIX MCKAKEHUH (SKENITHINA TPEYTrOJIbHUK)
OIpeneNnsieT UX BKJIaJ B 00NN YPOBEHb UCKAKEHUI.

Ha pucynke Tax:xe mpUBeIeH pacyeT B COOTBETCTBUU C [12] moKa3bIBaIOINI IPAMYIO
3aBUCHUMOCTb BEKTOPHBIX MOTPENTHOCTEN U CKOPOCTHBIX UCKaKeHUH oT tPD.

Uto0Obl MaKCUMaJIbHO HCIIONB30BATh 3Ty UACATBHYIO MOAETh U3MEPHM C €€ TOMOIIBIO0 CKOPOCTHBIE
HCKakeHus, puc. 19

CAMCI\DATA\PetroviGDelay\vector_distertic... [ = || = |[ 28 || [&)] Transient Analysis [E=E=H| =5
AT LN EHE-P i e 58w e 2 AN RO T [ » <A EEBEMEROIE S ¥ + 4
|0 B s e [ s S ANV AV AYEAB-EHIP(h% QS| F

L. Y & & 2 000 spesd-dist_10kHz_GD-100nS.CIR

20.000 Sdeeeans

— 0.000

= -20.000(--- - [ i
-25.000 -

0.000u  12.500u 25.000u 00000u 1125000 126.000u  137.500u  150.000u

ZNIINTY

250.000m
1£0.000m
£0.000m
-£0.000m
-150.000m [ ---
-250.000m

0.000u  12.500u 25.000u 37.500u 100.000u 137.500u 50.000u

2viinviout) Vector error
50.000m

15V 0.000m - - - FaRiN

-50.000m - ---- - f-emeemee s [ R st ko } ————— EGGEnE REETEECEEERERETRPLREE: S EGhECRCEETEEEEE L AnRh ECEEEE TRt
-100.000m -

0.000u 12.500u 25.000u 37.500u 50.000y, €2.500u 75.000u 87.500u 100.000u 112.500u 125.000u 137.500u 150.000u
2viFoiviout) speed distortion

T (Secs)
50.000m

0.000m

-50.000mf----

-100.000m

TS0u  42.850u  49.250u 50.150u 250u 50.250u 50.450u 50.550u 50.650u 50.750u 50.850u 51.000u

50.050u
Z{tPD}v{out)
T [Secs)

W AT [ v Main {Text » Models » Info Ml o[ | L=l D> [ v Main, =

Puc. 19 Pe3ynbraT nsmepeHust HICKa)KEHNUH BO3HUKAIOIUX B PE3YIBTATE BEKTOPHOI'O CIOKEHUS
JBYX HaIpsODKCHUN

W3 pucynka 19 BUIHO 4TO NpH BBIYMTAHUU BBIXOIHOTO, 3a7ep>kaHHoro Ha 100 He, curHana u3
BXOJIHOTO BO3HHUKAIOT UCKAXKEHUSI C OTPUIIATEILHBIM 3HAKOM IO OTHOIICHHUIO K TOJISIPHOCTH TIEPBOM
MIOJTYBOJIHBI BXOJTHOTO CUTHAJIA ¥ AMILTUTY/ION paBHOM MOJIOBUHE BEKTOPHON MOTPEIIHOCTH U 001Ieit
npooKUTENBHOCTHIO 200 HC, T. €. 2tPD. DTH nckakeHus: He UMEIOT HUYEro OOIIEeTo C JIMHEUHBIMU
UCKaXeHUSIMHU (HU ¢ (pa3oii, HU ¢ aMIUTUTYI0H). BOT 3T HCKa)KeHUS s1 U OTHOILY K CKOPOCTHBIM.

CuHycouJaIbHOE HAMPSHKEHUE 00pa3yeTcss BEKTOPOM ITOCTOSTHHOM BETMYMHBI BPAIIAIOIITUMCS C
MOCTOSTHHOU yTIIOBOM CKOPOCTHIO (cM. puc. 16). [Ipu mo0oM U3MEeHEeHNH Kak aMIUTUTYIbl BEKTOpa, TaK U
YIJIOBOM ckopocTH m3MeHsieTcst u dV/dt HanpspkeHus. B TH MOMEHTBI 1 BOSHUKAIOT JIOTIOJTHUTETHHBIE
HMCKaKEHHUS CBSI3aHHBIE C BPEMEHEM 3aJIeP KKH MTPOXOKIeHus curHaia (tPD).

JIJIst HaTJISITHOCTH BEKTOPHBIX MOTPEITHOCTEN co0epeM Ipyryro Mojelb, puc. 20



C:AMC\DATA\PetroviGDelay\vector_distortionvector-error_10kHz GD-100nS.CIR == |E3s] | [E Transient Analysis ===

Ao~ T LN EHEE-F i &8 e R N A28 LR D TR N T e S/ EImEEE S
o @ ¥ # BA |-« AN A RN A B P S
Tl aaa F

25,000 wector-emor_10kHz_GD-100n5.CIR

zzoool - %%
- —PUt 20,000 f---Y---f--
jn-2 150000 f----% -4 --

5.000f---
0.000f---

-10.000
-15.000 X----F-X---

V2 -20.000

-30.000
PacueT tPD AN\ TecTa meTodoM Xadnepa _a5.000

0.000u 100.000u 200.000u 200.000u 400.000u 500.000u
win-2) (v)

tPD ~= aT/2nA T (Secs)

250.000m
200.000m

roe 150.000m
a - aMNNUMTyAa BEEKTOPHOM norpelwHocTH, B; 190 000m
T- nepvog cMrHana B MKC; 50.000m
n=3,14 0.000m

A - aMNNWMTyAa CUrHanoB Ha Bbixodax ycvmwreneﬁ, B -50.000m

-100.000m} - §-

ANA Xopowero 3ey4YaHus Epemsa 3a0epXKK -150.000m

He fonxHo npesbiwaTe 100 He

-200.000m
-250.000m

0.000u 100.000u 200 000u 300.000u 400.000u £00.000u
{OUT} (V)
T (S=cs)

[ <] [ »]"\Main { Test & Models & Infe Ml v | IR v Main =]

Puc. 20 Pe3ynbrar n3mMepeHnst BEKTOPHBIX ITOIPEIIHOCTEN CIOKEHUS ABYX HAIPsKEHUN

B pesynbrare ciokeHus IByX CUTHAJIOB B TPOTHBO(DA3e 0uH U3 KOTOPHIX 3aaepkad Ha 100 He Ha
BBIXOJIE MBI TIOJTYYHIIM BEKTOPHYIO Pa3HOCTh B BUJIE CHHYCOMIATBHOTO CUTHAJA TOH YK€ YaCTOTHI
aMILTUTY/Ia KOTOPOTo nmoauuHsercs popmyre (6):

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

B peanbHBIX yCHIUTENSIX aMIUTUTY/Ia CKOPOCTHBIX MCKAXEHUN MOXKET OBITh HECKOJIBKO HUXKE YeM
0 pacyeTy — 3aBUCHUT OT BeauuuHbl tPD U ero noBeneHus Kak B 3ByKOBOH MOJIOCE TaK U 3a €€
npenenamu.

C npuMepoM aHaiM3a Ha CKOPOCTHBIE UCKAXKEHUSI MOZEJIH MPOMBILUIEHHOTO YCUIIUTEN Apex
HD50 mMoxHO 03HaKOMHUTHCS B [16].

YroObI OoJiee AE€TaIbHO BBIACIUTh MPOILYKThl HCKAKEHUH (B Y4ACTHOCTH KOMMYTAllMOHHbBIE
UCKa)KEeHHsT) HEOOXOIMMO HCIIONIb30BaTh MI€AIbHYIO 3a/1epKKy. HOo 3TO MOXKHO cenarh TOJIBKO B
cumymsatope. B xxeneze MoxkHO coBMecTuTh TecT Xaduiepa ¢ Tectom CarnoxkoBa, puc. 21.

[IepecTpanBaeMyto JIMHHUIO 3a1€P>KKH MOKHO C JIOIIYCTUMOM MOTPEIIHOCTBIO CAEIATh C IOMOIIBIO
npocroit RC-nienu nocrosiHHas BpeMeHu kotopoil paBHa tPD. KonneHcarop cienyer ucnomnb3oBarb
BBICOKOBOJIBTHBIN, Ha HanpsbkeHue He Menee 250 B, a nyn — ¢ otkanuOpoBaHHbIM Aenutenem. s
MOBBILICHUS YYBCTBUEJIBHOCTH MPU UCIHOIB30BAaHUH BMECTO OCLMILIOTpada CreKTpoaHaIn3aropa MOXKHO
BOCIIOJIb30BaThCs IIMPOKOMOIOCHBIM IpeaycuiuTenem. Eciu usmepenus OyayT npou3BoauThCs 0e3
JIEJIUTENS], TO pacueTHasi EMKOCTh JO0JKHA ObITh C yU€TOM €EMKOCTH COEIMHUTENBHOIO Kabes.
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Puc. 21 brok-cxema Xadmnepa coBMeleHHast ¢ BEKTOPHBIM aHAJIN3aTOPOM HCKaxeHui CaroykkoBa

B xauecTBe JIMHUU 3a1€PKKU B psAJIE CIIy4aeB MOKHO BOCIIOJIB30BaThCS LIENOYKOM byiie BepxHero
ycunurend. Tunosas nenodka bymie cocTouT u3 nocinenoBaresibHO BKIIFOUEHHBIX pe3uctopa 10 OM u
konzaencaropa 100 H, mocTosiHHAS BpeMeHH Takoi 1ienu paBHa 1 Mkc. Kak rmokaspiBaeT MpakTUKa BpeMs
3aJIepP>KKH MMPOXOKICHHS CUTHANIA B PEAIbHBIX YCUIIUTENAX KoeOneTcs B IIMPOKUX Mpeeax: oT
JecsaTKOB HE 10 1,5 Mkc u 6onee. [ToaToMy MOXKHO BIIOJTHE MCIIOIB30BaTh LIENOYKY byIie BepxHero
yCUIIUTENs 151 QOPMHUPOBAHUS 33I€PKKU Ha paCUeTHOE 3HAYCHHE 3aMEHOM KOHAEHCATOpa U MOATOHKOM
pesucropa R3 1o onTtumManbHOro 3HaYeHUS C YI€TOM BXOJHOM €MKOCTH Kabesst ociuuiorpada.

Ecnu 3agepskka tPD He 6omnee 100 HC, TO CKOPOCTHBIC NCKAKEHUS YK€ HUUTOXKHO MaJIbl U UMHU
MOXHO NpeHeOpedb, OHU OyIyT HA YPOBHE IPYTrUX BUJOB MCKakeHUH. Ecnu 3anepikka Benuka (MOXeT
ObITh 1,5 MKC U 6oIee), To Takast 3aepKKa CKOMIIEHCHUPYET CKOPOCTHbIE HCKa)KEHUSI, HO IPYTUE BUIbBI
HCKaXEHUU (KpOCCOBEPHBIE, HEJTMHEHHBIE) BCE PABHO MOKAXKET, 33 UCKIIOUYCHUEM TTOXKATYH UCKaKEHHI
BBI3BaHHBIX aMILIUTYIHO-(}a30BON KOHBEpCHUEH, Tak Kak (a30BbI€ U aMIUIUTYAHbIE TOTPEITHOCTH OYAYT B
3HAYUTEIbHOU CTENEHN CKOMIIEHCUPOBAHBI JIMHUEN 3a1epxkKu Ha RC-nienouke.

YacTo MOKHO yCIBIIIATh OT «TEOPETUKOBY UTO MposBieHue ['B3 B yCUnuTensx HU4em He
OTJIIMYAETCS OT UCKa)KEHNH BHOCUMBIX MpocToi RC-1ienoukoii. Takoe MOXXET TOBOPUTH TOT KTO HE 3HAET
yTo RC-11e11b BHOCHT 33€pKKY, KOTOpas IJIAaBHO NAJAET /10 HYJS 3a MOJIOCOM NPOIyCKaHUs, B TO BPEMs
Kak B ycwntensix nosenenue ['B3 (tPD) HecTabuibHOE U O4€Hb pa3HO0Opa3HOe (4acTo co
3HAYUTEIHHBIMU BHIOPOCAMHU B MOJIOKUTENBHYIO 001aCTh U IPOBaJaMM B OTpULIaTeNbHYI0). IMeHHO
xapakrep noseaeHus ['B3 u onpenenser nNpoloKUTEIBHOCTh U XapaKTep MEPEXOAHBIX MTPOLIECCOB U
BHOCHMBIX UCKQXECHUH Ha TIEPBBIX Neproaax (0COOCHHO Ha TIepBOM nonyrepuose). [lpumepsr Hanbomee
4acTo BCTpedarolmuxcs Ha npaktuke noseneHuit I'B3 B VIIT nokaszansl Ha puc. 22
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Puc. 22 Tlpumeps! BcTpeyaromuxcs Ha npaktuke nosenenuii ['B3 B YIIT

B ycunuTensix ¢ 3aKpbhIThIM BXOAOM (C pa3ieNuTEIbHBIM KOHJEHCATOPOM Ha BXOJIC U B JCIIUTENE
00C) a rakxe B YIIT ¢ cuctemoii cepBokoHTposs oBenenue ['B3 ropasno cioxuee, 4acTo ¢
«yJeTaHUEM» B OTPULIATEIILHYIO 00JIaCTh.

Ha pucynke 23 nokazaHa 3aBUCUMOCTb CKOPOCTHBIX MCKakeHUM oT I'B3 aByx ycunurenei

v

vector error-1
vector error-2

ideal Vin"Ku

real Vout

speed error-1 speed error-2

GD1 time GD2 time

Puc. 23 JIBa npumMepa 3aBUCUMOCTH CKOPOCTHBIX MCKakeHU oT ['B3

TecT ycunuTens ¢ XapaKTepUCTUKOW aHAJIOTMYHOM TTOKa3aHHON Ha pUCHKE 22 (TI0 cepeauHe)
npuBejieH B [lpunooxcenuu 1.

Tect Xadnepa u tect Xadnepa-CanokkoBa OCHOBaHbI Ha BEIUMTAHUU MPOMACIITAOUPOBAHHOTO
MEePBOHAYAIBLHOTO (BXOJJHOTO) CUTHAJA U3 BBIXOJHOTO CUTHANIA. OTCYTCTBUE KAKUX-TTUOO (CIIBIIIUMBIX )
OCTaTKOB JIOKa3bIBAET TO, YTO HE CYIIECTBYET TAMHCTBEHHBIX, HEU3MEPSAEMBIX cocTaBistommx. O6a
METO/a MOTYT YCIEIIHO MCIOIb30BAThCS AJIs OLIEHKH KauyecTBa paOOThl yCUIIUTEINIEH.

K nocromHcTBaM mocieqHuX METOJJOB MOKHO OTHECTH BO3MOXKHOCTB MCIIOIb30BAHUS B KAYECTBE
TECTOBBIX JIFOOBIX CUTHAJIOB, B TOM YHCJI€ U MY3bIKAJIbHBIX, @ TAK)KE UX MPEJIETbHYIO TPOCTOTY HE
TpeOyIOIIYIO JOPOTOCTOSIIEr0 CIEeUaTFHOTO U3MEPUTENHFHOTO 000PYI0BaHUSA, YTO HE MEHEEe BaXKHO.

[Ipu ucnonb30BaHNN TPEYTOJIBLHOTO CUTHAJIA MPU OAJTAHCUPOBKE JOOUBAIOTCS Pa3HOCTHOTO
HanpspKeHUs OMu3Koro kK Meanapy. [Ipu sToM ammuintyna Meanpa OyIeT 3aBUCETh OT 3a/I€PKKU
npoxoxaenust curnaina tPD crnemgyromum o6pazom:



a = 4A(tPD)/T ()

rae
T — nepuoj curHana, MKc;

A — aMIITUTYy/1a CUTHAJA Ha BbIXOJaX ycuiauTeneil, B
tPD — BpeMs 3aJIep KKK IPOXOKACHUS CUTHAJIA, MKC

IIpu ucnonap30BaHNM TECTOBOIO CUTHAJIA B BUJIE MEAH/IPa PA3HOCTHBIN CUTHAJI JOJKEH BBINIAIETh
B BUJI€ IPSAMOM JIMHUM HAa KOTOPOH HAIPOTHB (PPOHTOB CUTHAIA UMEIOT MECTO BCIIECKU BBEPX-BHHU3
aMIUIUTYA U IPOJIOJKUTEIBHOCTh KOTOPBIX 3aBUCAT OT tPD.

J1J1s KOMTM4EeCTBEHHOM OLIEHKH BHOCUMBIX CKOPOCTHBIX MCKAXEHUN (M3MEPEHMSI UX aMIUIUTYIbI U
JUIUTEIBHOCTH) JIy4IlE BCETO MOJIb30BAThCS OCHUILIOrpadoMm.

CeronHst NPOEKTUPOBAHHUE YCUIUTENIEH HE IPOUCXOAUT Oe3 MpeaBapUTEIHLHOTO UX
MoOJIeUpOBaHUs. BEeKTOpHbIE MOrpenIHOCTH MOTYT OBITh U3MepeHbI 1o JlocTany, a Bce Apyrue BUIbI
VCKaXEHU (HEJIMHENHHBIE, KPOCCOBEPHBIE U CKOPOCTHBIE) — KOMIIEHCAIIMOHHBIM METOJIOM C
MCITOJIb30BAaHUEM UJECATBHON JIMHUH 3a/I€PKKHA PABHOM BPEMEHU 33JI€PKKH ITPOXOKICHHS CUTHAJIA Ha
Tectupyemoi yacrore. IIpu npoBeneHn U3MepeHuil ¢ IeIbI0 NOBBILIEHUS] TOUHOCTH CJIEYET TIIATEIBHO
MIPOBOJIUTH HACTPOMKY: KaK MOKHO TOUHEE ONpeNeTuTh Kak Koddduunent ycunenus, Tak u tPD.

Cnoco0bl u3MepeHuid JMHAMUYECKUX HeJIUHEeMHbIX UCKaKeHu# [17].

OpavH 13 LIMPOKO MPUMEHSIEMBIX CITIOCOO0B U3MEPEHUS JUHAMHYECKUX HEJIMHEWHBIX UCKAKEHUH -
TaK Ha3bIBACMBIN CIIOCOO «CHHYC-TIPSIMOYTOJIBHBIX CUTHATIOBY. MI3MepUTEIhHBIM CUTHATIOM CITY)KHUT
MOCJIEIOBATEIHHOCTh MPSIMOYTOJBHBIX UMITYJIBCOB ¢ YacToTOM cienoBanus fi = 3,18 k['1, Ha koTOpYyIO
HAKJIa/IBIBAETCS TAPMOHUYECKUI curHai 4acToTel > = 15 k['i1. CooTHOIIIEHNE aMITTUTY/] HAPSKCHHA
curHanoB Ui : U. = 4: I, ckopocTh HapacTanus curaaioB orpanuduBaetcs HU-punsrpom Ha RC-3BeHbsX,
rpannuHas yactora ¢punsrpa fip =30 u 100 xI'1r (coorBeTcTBeHHO DIM-30 1 DIM-100). Mepoit
HEJIMHEWHBIX UCKAKEHUN CITY)KUT OTHOIIEHHE 3 (EKTUBHBIX 3HAUEHUN TPOAYKTOB MHTEPMOAYIISALIUHU K
aMILTUTY/I€ TAPMOHUYECKOTO CUTHAJIA.

Hpyroii crtocod 0CHOBaH Ha MUCIOJIb30BAaHUH U3MEPUTEIHHOTO CUTHAJIA, KOTOPBIM COCTOUT U3 JBYX
rapMOHUYECKUX CUTHAJIOB OJUHAKOBOM aMIUIUTY/bl, HEMHOTO PA3IMYAIOIINXCS M0 YacToTe. TakuMu
MapHBIMHU YaCTOTaMH MOTYT ObITh, Hanpumep, i =14 u £: =15 k['m wu fi = 19 u > = 20 x['q (CCIF-IM).
Mepoii UCKa)KEeHHIA CITY>KUT OTHOIIEHHE 3(P(PEKTUBHBIX 3HAUCHUH aMIUTUTY/] IPOAYKTOB HHTEPMOAY/ISAILNU
mfi = nf> K aMIUTUTY/Ie OCHOBHBIX CUTHAJIOB.

Tpetwii criocob - crmocod mMuIo00pa3HbIX CUTHAJIOB - OCHOBAH Ha MCIIOJIb30BAHUU CUTHAIA
MI1000pa3Hoit (OPMBI C YaCTOTOM cienoBaHus UMITYIIbcoB fi = 20 kI, KOTOPBIN MEPUOIUIECKH (C
gactotor f> = fi /256) mensieT nonsipHOCTh. VIcKkakeHus1, BbI3bIBAEMbIE OTPAaHUUEHHON CKOPOCTHIO
HapacTaHus CUTHAJIA, MPOSBISAIOTCS B BUJE MEPUOIUUECKUX (C yacToToM f> ) cMemeHuii cpeqHux
3HAUEHUH MMOCTOSSHHOW COCTABJISAIOIIEH HaIPsDKEeHKs. Mepoi HCKaKEHHM CIIYKUT OTHOLIEHUE YPOBHEN
ATOr0 HU3KOYACTOTHOTO HAINPSKEHUS U MJI000Pa3HOTO CUTHANIA.

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

Urto kacaercs npuMmeneHust OOC 11 CHMKEHUS UCKAXKEHUM, TO TI0 3TOMY MTOBOAY €CTh HECKOJIBKO
aBTOPUTETHBIX BbIcKa3biBaHui. Hanpumep, Kupun Xammep B uHTEpBBIO CcKaszan cienyromee [20]:
«besyrnpednoe ObICTPOICHCTBIE HE MEHEE BaXKHO. DTO 0COOEHHO BEPHO Il yeumutenen ¢ oomeit OOC.
TeopeTnueckast KOHIETIUS OTPULIATEIbHON 00paTHOW CBSA3U — OUEHb MOIIHAS, U YIIPOIIEHHBIE
MaTeMaTH4eCKNE yPaBHEHUS, ONMCHIBAIOIINE 3Ty KOHLEIIINIO, BCEraa octatorces B cuie. Ho onn
JIEMCTBUTEIbHBI TOJIBKO B TOM CIIy4ae, €CJIM MPOEKT YUYUTHIBAET OTPAHUUYCHUS KOHIICTIINH. 3aJepiKKa OT
BXOJIa JI0 BBIX0JIa JODKHA ObITh HyneBoi! OUeBHIHO, UTO B pEATbHON KU3HH 3TO HEBO3MOXKHO.

Ectp aBa cniocoba perieHus 3Toil mpoOiIeMsl:

1. Be1 mpocTo He mpuMeHsieTe HuKakoi orpuniateabHoi OC BooOIIe B CBOEM MTPOEKTE (OTKA3BIBASICH OT
IIPEUMYILIECTB KOHLETILIVH).
2. Bol yckopsieTe ObICTpOIEHCTBHE YCUITUTENS A0 YPOBHS HECKOJIBKO HAHOCEKYH/I 3a/1€PKKU BPEMEHHU OT



BXO0J1a JI0 BBIXOJa (COOTBETCTBEHHO Mojioca yactoT 200 MI11...), Toraa ommbKu KOMIIEHCAIUK HACTOIBKO
MaJibl, YTO HE OKa3bIBAIOT HUKAKOTO 3aMETHOTO BO3/IEUCTBUS HA 3BYK.

Kak TonbKO BBl pelnTe MouTH 0 BTOPOMY MYyTH, BHE3AITHO BO3HUKAET MHOXKECTBO HOBBIX
po0JIeM: TEIIOBbIE PEKUMBI, CTAOMIIBHOCTh HANPSIKEHUS MUTAHUS, KOHCTPYKIUS, COOTBETCTBYIOIIAS
BBICOKOYACTOTHBIM yCTPOMCTBaM, BO3HUKHOBEHHE IIYyMOB, HABOJOK U T.II.»

3/1ech yMECTHO BCIOMHUTH BhICKa3biBaHue Maptuna Kosmnomca [21]:

«VHKMHUPHUHT MOXKET MHOTOE OOBSCHUTH O MUpE 3ByKa. OIHAKO, KOT/Ia 3TO HE MOXKET OOBSICHUTH
YTO-TO, HAYMHAETCS HACToAIIEee Becesbe. HeKoTophlie acekThl BOCIPUHUMAEMOTO Ka4€CTBA 3BYKa HE
OOBSCHSIOTCS YCTOSIBILIEHCS Teopueil. PacTer momo3penune, 4To HEKOTOPBIE U3 3TUX ACTEKTOB - TIOTEePs
€CTeCTBEHHOr0 TeMOpa; CKy4YHOE, MEHEE BbIPa3UTEIbHOE NCIIOTHEHHE; MTOBBIIIEHHAS CIIyX0Bast
yCTaJIOCTh; M OTCYTCTBUE KU3HU U SHEPTHU B BOCIIPOU3BOANMOM 3BYKE - MOXKET OBITh CIECTBHEM
MIPUMEHEHHUS OTPUIIATEILHON 0OpPaTHOM CBS3H.»

[TepBoMy IyTH MHOTO BHUMaHUS YIEIIWII 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
XOTsI IEPBBIC YCUIUTENH (POPMATEHO UMEIOT OONBIINN YPOBEHD UCKAKEHUI M3MEPEHHBIX Ha
CHUHYCOUIAJIbHOM CUTHAJIE B YCTAHOBUBIIEMCSI PEKUME B CYObEKTHUBHBIX T€CTAX MOOEIUTENSIMU Yallle
BCEr0 OKa3bIBAIOTCSI NYMEHHO OHHU.

Hampumep, [Ixedd Poynenn cunran uto «ycunurenu ¢ OOC BHOCST UCKaXEHUSI BO BPEMEHHOM
oOnacti» mosTomy pazpabdoran 6e30CHBIIH ycunurenb «model 7» B Tpex MOAU(PUKAIMIX OTIUYAIOITHXCS
Kak ycunureasmu HanpsbkeHus (YH), Tak u BeixogasiMu kackagamu (BK) — texaudecke pereHus He
pacKphIBatoTCs. XapaKTepHOH 0COOCHHOCTBIO 3TUX MOJIeNEH SIBISETCS MOCTOSTHCTBO BBIXOAHOTO
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 UMENH HEeOOJbIINE OTIINYUS, TEM HE MEHEe MOJIYUYUIIN BbICOKHE OLIEHKH Y
npodeccuoHANIOB U JIF0OOUTENeH Ka9eCTBEHHOTO 3BYyKa.

JlocTaToyHO CKa3aTh, YTO OTJENbHBIE KOMIOHEHThHI KOMITAaHUN HEBO3MOKHO IPUOOpECTH Aake Ha
BTOPUYHOM PBIHKE - Takue ycuutenu kak, "Coherence", Model 7 u Model 9, cranu papureramu u
YKUBOM JIETEHJOM Cpear MEJIOMAHOB.

Bropoii myTh HCTIONB3yeT JIereHAapHbIN pa3padoTUUK U KOHCYJIBTaHT HECKOJIbKUX ayJHOKOMIaHUN
xon Kepin (John Curl). ITpu 3TOM OH nIpuaep>KUBaeTCsI CICTYIOIINX MPABUIT:

— CKOPOCTb HapacTaHus BIXOAHOTO HanpsikeHus He meHee 100 B/Mkc;

— YacToTa MEepBOro MOII0Ca KaK MOYKHO BBIIIE 3BYKOBOTO Jana3zoHa (xkenartenbHo He Huxe 100...200
KI'm);

— MHUHHMMaJbHasi oOpaTHas CBS3b, a JIyUlle €€ OTCYTCTBUE;

— pabora BBIXOAHOTO Kackaza B kiacce A 10 10 BT u Gornee (cMArdaer KOMMyTallMOHHbIE
HCKKEHUSA);

— KakK MOYKHO HUKE YPOBEHb HEUETHBIX TAPMOHUK BBICOKOTO MOPSJIKa HAYMHAas C S5-I U BbIIIIE;

— 110 BO3MOXXHOCTH M30erars NpUMEHEHUs APOCCEIs Ha BBIXOE JIIsl 00ecTieyeH s yCTOMYMBOM
paboThI TaK Kak Ipoccceib ¢ MHAYKTUBHOCTBIO JaXke 0IM MK H BHOCHUT CYIIIECTBEHHYIO
3a/Iep>KKY U B COUETaHUHU C PEaKTUBHOM HArpy3Koil MOXKET CO3/1aBaTh MEPEXOJHBIE IPOLIECCHI
KO0JIe0aTEeIbHOTO XapaKTepa;

— KayeCTBEHHOE NMUTaHue JJIs KaXJI0To KacKasja.

OH TaKxXe MoAeNnuICs IKCIEPUMEHTOM IIPOJIEMOHCTPUPOBAHHBIM CBOMM COTPYIHUKaM OKoJ1o 40
ner Ha3aa. B xauecTBe ycumurenst Obi1 Henoib3oBaH Electrocompaniet pazpabotku Otana, a B Ka4ecTBe
BY-rpoMkoroBopuTens J€HTOUHBINM TBUTEP KoMmaHuu Pioneer ¢ monocoii 6onee 45 k['u. B kauectBe
TECTOBOTO CHTHAJIa OH MCIIOJIb30BAJT TIPSMOYTOIBHBIA CUTHAM (MeaHap) 9acToToi 5 kI 11 00paboTaHHbIH
nepekmodaembiMu ¢punsTpamu HU nepBoro mopsaka 35 u 100 xI'1. [Ipu aTom Bpemst HapacTaHus
¢ponTOB MeHsnoCh ¢ 10 Mkc 10 3,5 Mkc. Bee coTpyaHuku ycnblany pasHuUlly B 3Byke. M3 atoro
IPOCTOT0 SKCIIEPUMEHTA OH CJIEJIall BBIBOJ] YTO YEIOBEUECKUH CITyX OoJiee UyBCTBUTENIEH K CKOPOCTH
M3MEHEHUS CHUTHAJIA, YeM K (PAKTUYEeCKON YaCTOTHOW XapaKTEPHCTHUKE.

Bonee noapobHO ¢ ero naeonorueii MOXKHO 03HAKOMUTHCS B [14], a Takke B psiie BbICKa3bIBaHUM
Ha opymax, B yactHOCTH [23].

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



«ITocnenuue necarth JET elle pa3 NPoJIeMOHCTPUPOBAIIU, YTO BEICOKOKAYECTBEHHBIE YCUITUTENH C
VCKKEHUSAMM JI0JIM MAJIJTMOHHBIX M IPYTUMH [TPEBOCXOIHBIMU XaPAaKTEPUCTUKAMU HE OYEHb TOIYJISPHBI.
DTO0 Kak 4ncTas JUCTUUTMPOBAHHAS BOJIA - Y HEEe HET BKyCa, U OOJBIIIMHCTBO JIFOACH HE XOTSAT €€ MUTh. »

He ynuBuTEI-HO YTO MHOTHE IIIMPOKO M3BECTHBIC TPOU3BOAUTENHN Takue Kak: Akai, Denon,
darTZeel, Denset Beat, Krell, Lamm, Pass Laboratories, Pioneer, Rowland, Sony, Tandberg, Threshold u
npyrue Beimyckanu mozaenu 6e3 oomeit OOC. A Takue komnanuu kak NAD cranu mogHUMarh 4acToTy
MEPBOTO MOIIOCA BHIIE 3BYKOBOTO JUANa30Ha OTPAaHUYUBAs IPU 3TOM METIEBOE YCUIICHHE.

B omnom u3 unepsbio B.1lymrypun (Lamm) npuBen cienyromuii mpumep:

"V Hac Tpu ycunurens: oquH uMeet 1-2% uckaxenuil, npyroit — 0,1% nckaxkeHuit, TpeTHii —
TBICSTYHBIE TOJIM MTPOLIEHTA. Bce 3TO MBI cilyliaem dyepes aKkyCTHUECKYI0 CUCTEMY, KoTopas umeet 5%
UCKQ)KECHUU. TEeOpEeTUYECKH MBI HE JIOJKHBI CIBIIIATH Pa3HULLY — TOJIBKO ITOYEPK aKyCTUYECKON
cuctembl. Ho MBI MpekpacHO CHBIIINM, YTO YCUJIUTENM 3By4aT no-pazHomy. [lapanokc, npasaa? OTBeT Ha
ATOT BOIIPOC HAWTHU HE TaK MPOCTO. Y MEHS YIIUIO HECKOIBKO JIET, YTOOBI MOHATh, KaK HA HETO OTBETUTH."
IIpaBga OTBETOM OH TaK U HE MOAETUIICS...

U 510 He yauBUTEIBHO - 10 1iKasie PakoBckoro Kr cTouT Ha HU3IIEH CTYNIEHU KOPPEIISLIUU C
KauecTBOM 3ByKa. Kyna BaskHee ynenbHbIN BeC BBICIIMX HEUETHBIX TAPMOHUK HAYMHAS C - U BBIIIE
(ocobenHo 7-i u 9-i1).

Jlxou Kepi co cepikoit Ha Hemenkuid «CripaBOYHHK pa3paboTku paguoTpoHoBy 1941 roma
MPUBOANT TaKHE BECOBbIC KOXPPUITMEHTHI st TapMoHUK [14]: N2/ 4 (N B crenenu 2 neneHHoe Ha 4) s
Ka)KJI0M TapMOHHMKHU. B Takom cirydae BTopas TapMOHHKA UMEET BeCOBOM KO3 (UIIMEHT paBHBIH 1, a
Hanpumep, 7-s1 — yxe 12,5 (1a 22 nb Bbie).

bonee Toro, Kr He yuuThIBa€T TakoW CKOPOCTHOM MapaMeTp Kak BpeMs 3aJEPKKU MPOXOKICHUS
curHana (time Propagation Delay) u ero moBenenue nanexo 3a mpeaeiaMu 3ByKOBOTO TUara3ona. A Beb
nMeHHo ['B3 oka3wpiBaeT HanbosbIee BIUsSHUE HAa KadecTBO 3Byka. MHU u3mepsieT uckaxeHus B
YCTaHOBUBILIEMCS PEKUME (T.€. B INHEHHOM PEKHUME) U HE YUNUTHIBAET CKOPOCTHBIE U NEPEXOAHbBIE
MCKaXECHHUS.

UYro KacaeTcs BIUSHUS TAPMOHUYECKUX COCTABIISIONINX HA TeMOp 3BYKa, TO ATO ONMUCaHO Oolee
80-tm net Hazan [24]:

“Bropast rapMOHHUKa 100ABIISAET SICHOCTH U SIPKOCTH, HO HE OoJiee TOro, HOCKOIbKY OOIINH
MIPUHIIMII 3aKJII0YAETCS B TOM, YTO J100aBJIEHUE OKTAaBbl HE MOXKET BHECTH HUKAKUX pa3inuuil B TeMOpe
WM XapaKTepHOM MY3bIKaJIbHOM KadecTBe. Korna BTopas rapMOHHKA UMEET TaKylO XKe 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.

TpeTbst rapMOHHKA CHOBA JOOABISIET HEKOTOPYIO SIPKOCTh M3-3a CBOETO BHICOKOTO TOHA, HO OHA
TaK)ke BHOCHUT pa3jndue B TeMOpe, cryiasi TOH U 100aBIsis K HEMY XPHILIBIA WIH HOCOBOU XapakTep,
KOTOPBIN MBI MO’KEM TPU3HATH OJHUM M3 OCHOBHBIX HHTPEIHCHTOB TOHA KIIapHETA.

YerBepTas rapMOHUKA, OyIydd Ha JIBE OKTABHI BBIIIIE OCHOBHOM, JOOABIISET eIie OOoJbIle IPKOCTH
¥, BO3MOXXHO, JTayKe TIPOH3UTEIBHOCTH, HO HEe 00JIee TOTo, IO y)Ke OOBSICHEHHOW MTPUYHHE.

[TaTas rapMOHKKa, TOMUMO 100aBIEHUS e1le OobIero Onecka, MpuaaeT TOHy 0OraTCTBO,
OTYACTH TOXOXKEE Ha PYIIOPHOE, a IIecTas 100aBiIsieT TOHKYIO TPOH3UTEIFHOCTh HOCOBOTO Ka4eCTBa.

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

OpHako cenpMasi TapMOHKKA BHOCHUT JIEMEHT JUCCOHAHca. To e caMoe BEpHO JJIs ICBATOM,
OJIMHHAIIIATON, TPHHAIIATON M BCeX 00JIee BRICOKMX HEUETHBIX TAPMOHHK; OHU TAK)KE TOOABIISIOT
JMCCOHAHC KaK Pe3KOCTh OCHOBHOTO TOHA U, TAKMM 00pa3oM, MPUBHOCST rPyOOCTh WIH PE3KOCTH B
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COCTaBHOM 3BYK. Pe3ynbTUpylroliee kKa4eCTBO TOHA YACTO OMUCHIBAETCS KaK "METaUTMYeCKUN

Emé B 50-x ronax Teo BunbsaMcoH nucai, 4To /i BHICOKOKaUE€CTBEHHOIO YCUIIEHUS 3BYKOBOTO
CUTHaJIa I0CTaTOYHO, YTOOBI Ha MakcUMabHOU MomtHOCTH Kr Ob11 HE Oonee 0,1 %. B Takom ciaydae
cofiep>KaHue rapMOHUK (DAaKTUYECKH HE OOHAPYKMBAEMO B CAMbIX YTOHYEHHBIX TECTAX MPOCTYIIMBAHUS
(oueBUAHO OH MMeI B BUY JIAMIIOBBIE YCUIIUTEIHN ¢ KOPOTKUM CIIEKTPOM, K COBPEMEHHBIM
TPAH3UCTOPHBIM YCHIIUTEISAM 3TO HE OTHOCUTCS). OH TakkKe OTMETHII, YTO (pa30BbIe CABUTU MEKIY
rapMOHUYECKMMHU COCTABIISIOIMMHE CI0KHOTO CUTHAJIA B IMHAMHKE, OCOOEHHO Ha aTakaX 3BYKOB,
OKa3bIBaIOT CYILIECTBEHHOE BIIMSHNUE HA €CTECTBEHHOCTh 3BYYaHUSI.

N3BecTHO, 4TO YCHIMTENH C HU3KUM MEPBBIM MOJIIOCOM UMEIOT (ha3y neTieBoro ycuieHus 90



rpaj. MpakTUYEeCKU BO BCEM 3BYKOBOM auana3zoHe. Bot uto o atomy nosony nuiet C. Arees [25].

«IIpu da3zoBoM yrIIe IEeTIIEBOTO ycriieHus, Oim3koM K £90 mmu +270 rpaa., aMITUTyTHbIC
HEJIMHEWHOCTH MCXOIHOTO YCHIIUTEISI MPAKTUICCKHU TIOTHOCTHI0 KOHBEPTUPYIOTCS B (ha30BbI€C (T. €. B
napasuTHYIO (pa3oByr0 MOIYISIUIO, TyCTh M ociadiennyto B [bK| pa3). [Ipu aTom mapasutHas MOIyIsIus
aMILTUTYbI TPAKTUYECKH UCUE3AET, U MOIYyYaeMble PE3yJIbTaThl U3MEPEHUN HHTEPMOIYISLIMOHHBIX
HcKakeHu MoryT ObITh Ha 20...30 n1b Gonee ONTUMUCTUYHBIME, YEM HA CAMOM JIEJIC TTIOKAXKET
aHanu3aTop cnekrpa (u ciyx B ciayyae YM3Y). K coxxanennto, MIMEHHO Tak U 00CTOAT jeia
¢ 6onpmmHCTBOM OY M MHOTHMH Y M3U».

BbuH MONBITKM UCKYCTBEHHO PACIIUPUTH 001aCTh MOCTOSHHOTO METAEBOTO YCUIICHUS C TIOMOIIBIO
JIByX-TTOJIFOCHOM Koppekiuu. Ho 3To maet Tonpko yinydmenue udmepsiemsix napamerpos (THD), kagecTBo
3BYKa IIPU 3TOM TOJIBKO YXYAIIAETCsl U3-3a U3MEHEHUH XxapakTepuctuku ['B3.

Yro KacaeTcsi CKOPOCTHBIX IAPAMETPOB COBPEMEHHBIX YCUIUTENEH, B YACTHOCTH CKOPOCTH
HapacTaHus BBIXOJHOIO HANpPSKEHUs], TO, HallpuMep, TonoBeli ycuintenb NAD M3 nMeer ckopocThb
Hapactanus (SR) 1000 B/mkc; 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 # T. . — TiepedeHb MOXKHO TTPOJOKATh U MPOJIOJIKATb...

Haneroch uto npeacTaBiaeHHbIN MaTepuai NO3BOJIUT IO HOBOMY B3IJISIHYTh HA JaBHO U3BECTHYIO
nHGOpPMAINIO KaK K TPEOOBaHUSAM MPEIbSIBISIEMbIM K YCUIUTENSM BbICOKOKAYeCTBEHHOTO
3BYKOYCHUJIEHUS, TaK U K METOAAM MX TECTUPOBAHUS ISl MOTYUYEHUSI MAaKCUMAJIbHOU KOPPEISIUU
PE3yJIBTAaTOB U3MEPEHMM C KAYE€CTBOM 3BYKA.
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lpunoxeHue 1

SWDT Xadonepa B gencreumn

Kak y>xe oTme4yeHo B cTaTtbe nges Xadnepa 3aknoyaeTcsl B CHMXXEHUMN BEKTOPHbIX
norpeLuHocTen B obnactu Bblcoknx yactot go -60 ab (1000 pas) n Huxe, a B 06nactn cpegHmnx
N HN3KMX vacTtoT Huxe -70 ab (3000 pas).

PaccmoTtpum noaxon O.Xadnepa K NpoeKTUPOBaHUIO U TECTUPOBAHUIO HA NPUMEpPE ero
AemMoHcTpaumoHHoro yeunutens Hafler XL-280 Excelinear, puc. 1
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Puc. 1 Cxema ycunutena XL-280

C nomoubto MmecTHbix OC R26, R28 Xadnep nogHsan yactoty nepsoro nontoca go 30
Kl y. Mpwn aTOM NeTneBoe ycuneHne BO BCEN 3BYKOBOM NOMoce NOCTOAHHO U 4yTb 6onee 30 ab.

C nomouybto uenm R6, C2 oH ckomneHcupoBan BnvsiHue koHaeHcatopa C5 B genutene OOC.

C nomoLublo nepectpanBaemoro koHgeHcatopa C6 BBeaeHa perynmpoBka 3agepiku
NpOXoXaeHnsa curHana B 3BykoBou nonoce. KongeHcatop C6 coBMecTHO ¢ koHaeHcaTtopamun C7
n C8 cospgatot pesoHaHc Ha YactoTe 450 kl'y ¢ nogbemom AYX o 6 ob.

CHnmem amvarpammy neTrneBoro yCUneHus ¢ peakTuBHom Harpyskon ot 50 HO o 2 mkd
BO BCEM Jmnana3oHe nepecTtponkun koHaeHcartopa C6 oTBevaroLLero 3a BpeMsi 3a4epXKu
NPOXOXAEeHNsa curHana, puc. 2
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Puc. 2. Qnarpamma Boae nexogHon cxembl (L1=0)

W3 gnarpammbl boge BMAHO 4TO € KOHAEHcaTopoMm B Harpy3ke 0,5 mk® n 6onee mogens
ycunutens 6e3 MHOYKTMBHOCTU Ha BbIXxode HeycTondmBa (HeT 3anaca no ¢ase).
Bocnonb3yemcsa ctaHgapTHbIM NpyeMom Anst obecnedeHnst yCTOMYMBOCTU C NOMOLLbIO

apoccens, puc. 3.
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20,000 Hafler_XL-280_Loop-Gain.CIR CL=0...2u C&=

20.000-

-160.000f -
-180.000
20000055 100 1K 10K 100K I 10M 100M
gBiloopGain phiLoopGain) (Degrees)
F(Hz)
~ ] ] » | M| Open —

Puc. 3. lNeTtnesoe ycuneHne ¢ gpoccenem

OnTumManbHbIM 3HAYEHNEM MHAYKMBHOCTM Apoccens okasanochb 3 MKIH, a onTuManbHbIM
LWYHTUpYOLWMM pesuctopom 2,7 Oma.

CHumem gunarpammy boge, puc. 4
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Puc. 4 [Ouarpamma boge v npegensl perynnposku tPD

W3 gnarpammbl boge BnaHo 4to B gnanasoHe vactot ot 200 Ny n novtn go 100 klMy MB3
NOCTOSAHHO, ogHaKo Ha YyacTtoTte 450 kl'y umeet mecto noabem B3 oo 1,3 mkc, a B obnactn HY
(npumepHo 25 Ny) MB3 npuHMMaeT oTpuuaTensHoe 3Ha4YaHue 4o MUHYC 2 MKC. IMeHHO BbIGpocC
B3 Ha yacTtoTe 450 k'Y 1 onpeaensaeT CKOPOCTHbIE UCKaXKeHMs!

Bes koHgeHcaTopa C6 B3 paBHO 550 HC (4TO oveHb MHOro) go 100 klMu, aanee
HacTynaeT nnaeBHbIi cnag. Takum obpasom 6e3 koHgeHcaTtopa C6 B3 6onee yem B 4 pasa
NpPeBbILAET YPOBEHb AONYCTUMbIV AN BbICOKOKAYECTBEHHbIX YCUNUTENEMN.

N3amepum nckaxkeHna BHocMMble Mogenbto yeunutens Ha yactote 10 kl'y. [nsg atoro
BOCMONb3YEMCSl PEXEKTOPHBIM hnbeTpoMm, puc. 5
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Puc. 5. Cxema pexektopHoro cpunstpa 10 kl'y,
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[unarpamma boge Takoro punstpa nokasaHa Ha puc. 6

10kHz_notch-filter.CIR
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Puc. 6

W3 gnarpammbl boge BuaHo, Yto nogaesneHne curHana vactorom 10 kl'y 6onee 120 gb.
Mopagnm Ha Bxoa Takoro punetpa curHan Yyactoton 10 k', ypoBHem 10 B(nmk) n curHana
yactoton 30 kl'y (3-a rapmoHuka) ypoBHeM 1 MB(NnK) n NOCMOTPUM Kak punbTp cnpaBuTcs
N3MepeHNeM UCKYCTBEHHO AobaBNeHHON 3-1 rapMOHUKK, puC. 7
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Puc. 7 Pesynerat namepeHus 3-l rapMOHUKU

Kak BngHo 13 pesynsrata TeCTUPOBaHUS NepexodHble NpoLecchl B caMoM ounbTpe
3aHMMaloT okono 1 mc (He meHee 10 nepnogoOB OCHOBHOIO curHara). TpeTbsi rapMoHUKa

BblAeneHa ¢ BbICOKOW TOYHOCTbIO MO amMnnuTyae u HebonbLlnMM cMeLLeHnem no gase (4to
3aKOHOMEPHO).
MpuMeHuM Takon punsTp AN OUEHKU NCKaXXEHU BHOCUMbIX MOAESNbIO YCUNUTENS, pUcC.



Hafler_xL-280_10kHz-dist.CIR

35.000
30.000
25.000F--
20.000F--
15.000--,
10.000FF---
5.000
0.000
-5.000
-10.000
-15.000p--
-20.000f--
-25.000p--
-30.000

735'0001 500m 1.600m 1.700m 1.800m 1.900m 2.000m

10.000m

5.000m

0.000m

-5.000m

crossover distortion

~10.000m S50 ) . 1600m 1700m 1800m 1.900m 2000m
wdist-3m  distortion 0.0002%{out)
T(gecs)

Puc. 8. PesynbraTt namepeHus uckaxxeHnn mogenu Ha yactote 10 kly,

B cnekTpe nckaxeHuit Mbl BUAUM B OCHOBHOM 3-t0 FapMOHMKY 1 COM3MEPUMBIE C HEW Mo
amMnnUTyne KOMMYTaUNOHHbBIE UCKAXKEHWS.

A Tenepb BOCMNONb3yeMcsl TECTOM Xadorepa ANns M3MepPeHNsi BEKTOPHbIX UCKaXXeHWI 1
KOMMNEHCaLMOHHBIM METOAOM AN UBMEPEHUSI BCEX BUAOB UCKaXXeHWI, puc. 9

Hafler_XL-280_burst-10kHz SWDT.CIR
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Puc. 9 SWDT - tect no Xacnepy

Ha BTOopom rpacuke (CUHAS) Mbl BUOUM BEKTOPHbIE NMOrPELLUHOCTM NONYYEHHbIE
BblYMTAHMEM NPOMacLUTabnpoBaHHOIO BXOAHOMO CMrHana u3 BbIXogHoro HanpsikeHus. OHm
BMofHe oTBevatoT TpeboBaHnam Xadnepa — nogasneHue -60 gb (1000 pa3s), T. e. go 30 mB ot
30 B. Ecnu nonb3oBatbca metogom Xadhnepa hopmarnibHO UCnonb3ya PUKCUpOBaHHbIE
4acTOTbl, TO Mbl MOMY4YMM pe3yrbTaT Mano OTNNYaLWUNCA OT U3MEPEHUS rAPMOHNYECKNX
NCKaXXEHNI B yCTaHOBMBLUEMCS pexunMme. Mbl Takke ybeannumcb 4To pesynstaTbl USMEPEHUI C
NMOMOLLbIO PEXEKTOPHOro omnbTpa M KOMNEHCAUNOHHBIM METOAOM coBnaaatoT (4-1 rpaduk).
OpaHako B Havyane 6ypcTta 1 B €ro KOHLUE Mbl BUAUM 3HAYUTENbHbBIE NCKAXXEHNA aMNUTYO0M
okoro 250 MB. 3TO 1 eCTb CKOPOCTHbIE UCKaXXEHNSA KOTOPble HEe ONpeaensalTca ApyrMMu
MeTogamMMu.

Takmum obpasom Xadnep sBHO 3abnyxgancs cymtas 4T0 UMEHHO BeNMMYMHA BEKTOPHbLIX



NorpeLLHOCTEN CBA3aHHAasA C BPEMEHEM 3a4ePXKKN NPOXOXKAEHNS CUrHana oTBevaeT 3a
BHOCUMbIEe ycunutenem nckaxeHusi. OH He pasobparncs B npudnHax BO3HUKKHOBEHMS
AONOMHUTENBbHBIX UCKaXXEeHUW CBA3aHHbIX C noBegeHueM B3 3a nonocon nponyckaHus.

MckaxeHns BO3HMKatoLWwme B Havyane cuHycoungbl (pam ManHapa (Graham Maynard)
Ha3sblBan UcKaxxeHnsMu nepsoro nepuopaa - "first cycle distortion" (FCD).
https://www.diyaudio.com/forums/solid-state/32758-cycle-distortion-graham-post379900.html

Cnegylowmn curHan KoTopbli odeHb yaobeH ans npumeHeHuna B8 SWDT TecTe aT10
TpeyrosibHbIM curHan yactoton 10 klu, puc. 10.
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Puc. 10. Tect SWDT ¢ nomoLLbiO TPEeYrorbHOro curHana.

Ha BTOpOM rpadmke nokasaHbl BEKTOPHbIE MOrpeLlHoCcT no Xadrepy (CUHAS).
HanpoTuB BepLUNH TPEYronibHOro curHana Mol BUAMMm Bblbpockl amnnutygon 380 mB unu
1,27%. Ha HuxHeM rpadumke (YepHas) nokasaHbl BCe BUAObI UCKAXXEHU NOMYyYEeHHbIe
KOMMeHCaUNOHHbIM MeToaoM. KpuBnsHa nNnHUM Mexay CKOPOCTHBIMU UCKaXKEHNAMU rOBOPUT O
NNHEHNHOCTN NepeaaTo4yHON XapaKTEePUCTUKM.

PacTtaHem y4acToK O4HOM 13 BEPLUUH U MOCMOTPUM CKOPOCTHbIE UCKaXXEHUS «Noj
MUKpPOCKOMom», puc. 11.
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Puc. 11. CKOpoCTHble UCKaKeHUs


https://www.diyaudio.com/forums/solid-state/32758-cycle-distortion-graham-post379900.html

CKOpOCTb HapacTaHUA Takoro CUrHasna Ha BbiIXO4e YyCunuTensa npyu aMmnnmtyae oT nuka oo
nuka 60 B n npogomkutensHocTn 50 mkc 6yaet pasHa: 60/50 = 1,2 B/MKc, T.e. B 4€CATKM, @ TO U
COTHU pa3 HMXe CKOPOCTWN HapacTaHWs BbIXOOQHOMO HanNpPsXKeHUst yCunuTenen.

MpoBepum Kak ycunueaetcsa curHan Yactoron 20 Iy, puc. 12
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Puc. 12

TecT Ha BypcTe nokasan 4To B curHane nosiensietcs cmewenme ao 100 mB kotopoe
3aBUCUT OT NONAPHOCTM NepBoro nonynepuoga. Kak yresepxgatrT «3010TOyXMe» CMeLLeHne +-
25 MB yXe CrnbILWHO 1 oTpULaTernbHO CKasblBAeTCA Ha KayecTBe 3ByKa. Bo3aMoXxHO nposiBnsieTcs
B Kakom TO cTteneHun acppekt [onnepa (MOXHO NocyMTaTb KOHEYHO, HO NleHb) U3-3a
aononHuTensHon moaynsaumm CHY-BY coctaBnsaowmnx curHana.

[MpoBeprM Ka4eCcTBO yCcuneHus NpsMoyronbHoro curHana yacroroun 20 My, puc. 13.
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Pwuc. 13.

T (Secs)

M3 pucyHka 13 BUOHO YTO NOSKM CUrHana ropu3oHTarsnbHbl, T. €. HET ABHO BblPaXXEHHbIX
ncKkaxxeHUn. U ato He yamMBuTENbHO, Bedb 3TO yCUnNuTenb NOCTOSAHHOro Toka (YIT).



lMpumeyaHue. lNeped nodayeli cucHana Ha 8xo0 OH nponyuweH Yepe3 ®HY c

Yyacmomou cpe3a 100 kI'y,

Monpobyem gopaboTtaTb Mogernb Tak, YTobbl ymeHbLWNTb BbiOpoc B3 oTBevatowwmin 3a
CKOPOCTHbIE UCKaxeHus, puc. 14
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Puc. 14. Cxema gopaboTaHHOM Mogenu

C uenbto paclumpeHunsi ropmsoHTanbHoro yyactka N'B3 B obnactn HY yBennyeHa eMKoCTb

kKoHaeHcatopa C2. YoaneHune koHgeHcatopoB koppekumm C3, C4 n C8 cHu3uno BbiOpoc Ha
yactoTte 450 kl'y ¢ 1,5 mkc go 300 HCc u cmecTuno ero Ha vyactoty 1,5 Ml'y, puc. 15, a Takke

noBbIcuI10 YactoTy nepsoro nomntoca ¢ 20 kl'y go 120 k'y (B 6 pa3). Mpy aTOM pexunmbl

KacKagoB Mo NoCTOAHHOMY TOKY OCTaJTIUCb MPEXHUMMN.

Ha camom gene KOHAEeHCaTop C8 He HY>€EH, TaK KaK BXOAQHaA €eMKOCTb CrapeHHbIX

BbIXOAHbIX TPAH3UCTOPOB KOHBEPTMPYETCA C Bbixoaa bydepHoro kackaga (Q10, Q11) Ha ero

BXO[.
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[NpoBepumM neTnesoe ycuneHne u 3anacbl yCTOM4YMBOCTU, pUC.16
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Puc. 16. Npadumk neTneBoro ycuneHnsa npyn Bcex BO3MOXHbIX 4eCTabunmsnpyroLmx
dakTopax (nepectponka Bl n peaktnBHas Harpy3ka ot 50 HO go 2 MKD).

Bocnonb3yemca pexXeKTopHbIM hUsTPOM 1 U3MEPUM UCKaxXeHus Ha JacTtoTe 10 kl'y,
puc. 17.
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Puc. 17. Pe3ynetat namepeHus UCKaXKeHU ¢ NOMOLLbIO PEXEKTOPHOro ounestpa

Kak crnenyeT 13 Tecta CnekTp HU3LINX FAPMOHUK 1 €r0 YPOBEHb OCTanCcs NPEXHUM, B
OCHOBHOM 3-51 rapMOHWMKa YpoBHEM 0Koro 4 MB(nuk). OgHako ypoBeHb KOMMYTALMOHHbIX
NCKaXXeHWI CYLLLECTBEHHO CHU3WUICS YNYYLLUICS U UX CNEKTP, UCKaXeHUs cTanu 6onee
«rmagkMmMmy brnarogapsi NOBbILLEHHOW YacToTe NepBoro rnostoca.

2.000m

MpoBenem TecT Xadnepa n namMepum UCKaKeHUs KOMNeHcauMOHHbIM MeToaoMm, puc. 18



Hafler_XL-280M_10kHz-SWDT.CIR
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Puc. 18. Pe3ynbrat namepeHui ¢ noMmoLLbio Tecta Xadnepa (Tpetuin rpaduk) u
KOMMEeHCaUNOHHbLIM METOAOM (YeTBEPTLIN rpadunk)

Mo cpaBHEHUIO ¢ TeCcTOM opurnHanbHoun cxembl B3 Bbipocno ¢ 13 He go 80 He Gonee
yeMm B 6 pas, OTcloda BO CTOSLKO e pa3 BbIPOCNN U BEKTOPHbIE norpeluHocTn (4o 150 mB(nuk)).
Mpy 3TOM CKOPOCTHBbIE NCKaXeHUs ymeHbLumnnuck ¢ 250 mB go 40 mB (B 6 pa3). B
YCTaHOBUBLLEMCS PEXNME UCKAKEHUS TaKME Xe KakK N U3MEPEHHbIE C MOMOLLbIO PEXEKTOPHOIO

duneTpa).

KoMMmyTaUnoHHbIE (KPOCCOBEPHBIE) UCKAXXEHUS BO MHOIMX yeunuTensax knacca AB
XOPOLUO CriblLLHbI, HE 3PSt MHOMME NpeanoyYMTatoT yeunmutenm knacca A. A ecnm y4ecTb YTO B
pearibHOM My3blKanbHOM CUrHase nepexodbl Yepes HOSb Yallle coBnanarT C HU3KOYaCTOTHbIMU
curHanamm (NPoMCxXoasaT CPaBHUTENBHO PEAKO), @ BbICOKOYACTOTHbLIE COCTaBMSAKOLME U UX
rapmMoHUKKM ropasgo Yauwe nameHsot dV/dt (0T KOTOPOro 3aBUCAT CKOPOCTHbBIE UCKaXXEHWUS), TO
HaQEeCb, CTAHOBUTCS MOHATHO OT YEro Ha CamMoM Aene 3aBUCUT Ka4yecTBO 3BYKa.

AnekcaHdp lMempoe



Ilpunoscenue 2.

[IpoBepum BiMsIHUE BPEMEHU 3a/1€P>KKU POXOKIeHUs curHaia (tPD) Ha monenu peanbHOTO
ycunurend. B kauectBe Takoro ycunutens BosbMeM Apex HD5O0, puc.22.
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Juarpamma 6oze mokasaHna Ha puc. 23

Apex_HD50-original_tPD.CIR
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Puc. 23

100

10K

F(Hz)

W3 muarpammel boae BugHo uto tPD moutn 500 He (Tounee 478).
[Tomagum Ha BxoA ycumutens Oypcetbl yactoTor 20 kIl pa3HON aMIUTUTYIBI U CIIETYIOIIUE APYT 3a

npyrom 6e3 paspeiBa ¢azbl. [Ipu 3ToM BBIXOIHOM CUTHAN reHeparopa nponyctum yepes ¢puinstp HY ¢
yactoToi cpesa 100 k"1, puc. 24



Apex_HD50-original_speed-error-20k&filter-100k.CIR.
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Puc. 24

TiSecs)

B nauane nepBoro Oypcra 15 B(muk) Mbl BUIUM KPaTKOBPEMEHHBIE CKOPOCTHBIE UCKAKECHUS
amruintyaoi 6onee 150 MB, uto ot amrmuutyast 15 B coctaBnser 1%. Takolt ypoBeHb CKOPOCTHBIX
MCKa)XCHMI BO3HUK U MIPHU OKOHYaHHH nocienHero oypcera (0,5%).

UTo0BI IPOBEPHUTH KaK OYIIET BECTU ceOsl YCUITUTEIh C CUTHAIIOM MPUOJIMKCHHBIM K 3ByKOBOMY
MoJa M Ha BXon ycunutens 1/3 okraBHbIii niceBaouryM yactoroil 10 kI'u. [IpeaBapurenbHO HACTpOUM
MoIeTh (THaTebHO noadepeM MHOKUTENb Ky n yrouanm tPD) Ha curyconae wacroroit 10 kI'm, puc. 25

Apex_HDS50-original_10k.CIR.
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Puc. 25

T(Secs)

Pesynbrar usMepeHus HCKa)KeHU ITyTeM IIPSIMOTO BBIYUTAHUS BBIXOJHOTO CUTHAjA U3
3aJIep>KaHHOTO BXOHOTO J1ajl YPOBEHb FApMOHMK HU3KOTO Hopsaka ammuTynoit 1o 3 mB (0,01%) u
HEeOOJBII0N YpOBEHb KPOCCOBEPHBIX UCKaXEHUH (HAIIPOTUB MEPEXO/I0B Uepe3 HOIb).

He MeHnsts1 HacTpoek cMeHUM CUHyCcOMy Ha rniceBaomyMm. [IceBnonrym uenonb3yem B BUIE wav-
¢aiina, koTopblii epen nogadeil Ha BXoJ Mojieu nmponyctium yepes ¢punstp HY beccens 4-ro nopsiaka ¢
yacrotoit cpe3a 30 k', puc. 26
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Puc. 26
YpoBeHb NPOAYKTOB UCKaKEHHI HA MICEBOIIYME BBIPOC MPUMEPHO B 5 pas, T. €. 10 0,05%.
A Tenepb He U3MEHSS PEKUMOB (TOK MOKOS BHIXOTHBIX TpaH3ucTopoB 110 MA) mopabotaem
MOJIETTb C 1enbio cHuxkeHus tPD, puc. 27
RS
| .
o1 Re 2K [HFU.]. ﬁﬂzn R23
i i 3 100
100 1.2k 1.8k =L o7
. Qs 24p
ﬁ - l I, 2541360 as 1 va
RS ca % 40V
Iy X 05 | 5ok 3.6pT } 25cz422 i1
D7 K25c3503
iy x Q2 O3 M Q13
D4  2nS551 | 2NSSSL zscsz0p
4.3 220 220 R22 R24
Al Tl Fit gji 12K 5% Rog
R8 032l probe1 | R31
:]-I——i:l— 1
I 22k RiS R19 a1p |cs | zsqaezs Sigﬁ io H432 J__
R7 220 sop | Q4| ZNS401 =2 b
L 1k :—E_. I & L% fyrer R28 . 10
260 Sip azs ——1.3,_,[ i [l22a zzn
— onss01|Qi| R13 c3 be [] as Qiz
- o -—K25A1 943
RE RiE i b zsa1z81 Ku=22 50132
7.5k be X 12k cs | Qe 1wvs
CI'C4}__ KESAIBGD 40
| Qs o
25C3423
R1Z R21 ::::?g?‘
RiD [ﬂl.Ek @l.sk Eguﬁ :
2k

Puc. 27

Huarpamma bone nopaboTaHHOTO BapuaHTa MOKa3aHa Ha PUCYHKE 28



Apex_HDS0_tPD.CIR
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F(Hz)

N3 nuarpammel boae BuaHo uto tPD cHu3miiock noutu B 5 pa3 u crano yyte meree 100 He,
npuyeM JiHelHo Oomnee yeM a0 1| MI'm. [Ipoaenaem te xe TecThl ¢ qopaboTaHHON MoeNbl0. 3Mepenune
CKOPOCTHBIX HCKaXeHHH Ha Oypcrax yactortoii 20 kI'1 mpeacrasneHo Ha puc. 29
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Puc. 29

550.000u 600.000u

300.000u 350.000u 400.000u 450.000u 500.000u

U3 pesynbraTta TECTa BUJIHO YTO aMIUIUTY/AAa CKOPOCTHBIX UCKa)KEHUI B Havyasle U KOHIE OypCTOB
ymenbmiack co 150 MB 1o menee 5 MB (6onee yem B 30 pa3), yMEHBIIHMIICS U YPOBEHb TAPMOHMYECKUX
COCTaBJISIFOIIMX U Ha MEPBBIN IJIaH BBIILUIA KOMMYTAIIMOHHBIE UCKAXKEHUSI KOTOPBIE ITOYTH JOCTUTAOT
YPOBHS CKOPOCTHBIX MCKa)KEHUU. B peanbHbIX cUrHanzax Takod ypoBeHb cUrHaioB yactotoi 20 kI
KOHEYHO ke He Oy/IeT, TO3TOMY U peajibHO BHOCUMbIE KOMMYTAIIMOHHBIE UCKaXKEHHsI OY/IyT CYILIECTBEHHO
HUXKE.

[Iponenaem ananoruyHbie TeCThl Ha niceBnomyme yactoror 10 kI'n, puc. 30 u 31



Apex_HD50_10k- CIR
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Puc. 30 BekTopHble NOTPEMIHOCTH U UCKAXKEHUS MOJIEH MTOJIyY€HHbIE METOJJOM IIPSIMOTO
BBIUMTaHUA Ha cuHycoue yactoror 10 kI'ny
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Puc. 31 BekropHble TOTPENTHOCTH M UCKAKEHHS MOJIEIH MOTYyYEHHbBIE METOAOM MPSIMOTO
BbIuMTaHus Ha 1/3 okraBHOM miceBnomryme yactoton 10 kI'.

Ecnn BHUMaTEIbHO NPUCMOTPETHCS K TPETHUM IpadukaM 000HUX TECTOB TO HETPYIHO YOETUTHCS
YTO OHU MPAKTUUECKH UIEHTUYHBI. DTO TOBOPUT O TOM YTO IIPH 3aJiepKKe MpoxoxkaeHus curnana 100 He
u MeHee (mpu ycaoBuu uto I'B3 HocuT npsiMonuHeRHbIH XapakTep U He UMeET 3HAUUTEIbHBIX BEIOPOCOB

B nojioce 0,2 ... 1 MI'ty) ckopoCTHBIE NCKaXKEHUS yXKE TPAKTUYECKH HE TPOSIBIISIOTCS.

Anekcangp Iletpos



