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HPEIUCJIOBHUE

BricokokauecTBEHHOE BOCHPOM3BEACHUE 3BYKa MOJYUIIO BceoOllee NMpHU3HAHWE 332 €CTECTBEHHOCTh 3BYYAaHUS U
BO3MOKHOCTh MOJMYYEHHS TOYHOTO MPEACTABICHHS O MY3BIKaJIbHO-3CTETUIECKOM KayecTBE IPOCITYIIHBAEMOr0
MIPOM3BEICHUS B TOMAITHUX YCIOBHSIX.

CoBpeMeHHBIE YCTPOICTBA 3BYKOBOCIIPOM3BEACHUS PEACTABIIIOT COOO0M CIOXKHBII KOMIUIEKC, COCTOSIIIIUHN U3 psAaa
ABTOHOMHBIX CUCTEM (aKyCTl/lquKl/Ie CUCTEMbI, HICTOYHHUKHN 3BYKOBBIX CUTHAJIOB, CUCTEMbI YCUJICHUSA CUTHAJIOB U T. H.),
KOTOPbIC HEIMPEPHLIBHO COBCPUHICHCTBYIOTCA. O}IHO M3 HCHTPAJbHBIX MECT B 3TOM KOMIIJICKCE 3aHUMACT SHeKTpOHHbIﬁ
YCUIIUTECIIb 3BYKOBBIX CHUTHAJIOB. Yceunureab COCTOUT U3 OTACJIbHBIX q)yHKIJ,l/IOHaHI)H])IX y3JI0B, TaKHUX Kak:
MIPEAYCWINTENb C YaCTOTHOW KOppeKuuer, (GuibTpbl, HOPMUPYIONIIME YCHIMTENH, KBaIpadOHUYECKHE EKOAEpHI,
OKOHEYHbIE JIMHEHHbIE YCHAMTENd W T. JA. Kakaslii W3 3THX Y3JI0B HMMEET CaMOCTOSITEJIbHOC 3HAueHHE |
XapaKTepu3yeTcsi CBOMMH NOKa3aTesIMU KayeCTBa, BIMSIOIMMI Ha KaUeCTBO BCETO YCHIIUTEIS B LIEJIOM.

TOHKOTO MEHHUTENS BHICOKOKAYECTBEHHOTO 3BYKOBOCIPOM3BENCHHS BCETa WHTEPECYIOT CXEMBI MPaKTHYECKUX
YCTPOUCTB, TO3BOJITIONINX IMOMYYUTH OOJBINIYIO BBIXOJHYIO MOIIHOCTh IPU €IBa 3aMETHBIX MCKAKEHUSAX M MaJbIX
YPOBHSX IMyMOB M TEM CaMbIM CO3/aTh almapaTypy C XOPOUIMMH TEXHHYECKUMH W JKCIUTyaTall[HOHHBIMH Xa-
pakTepuctukamu. Ilpemymaraemas KHHTa TIOCBAIICHA TPAKTHYECKHAM  BONIPOCAM  IMOCTPOSHHS  OTHEIBHBIX
(YHKIMOHAJIBHBIX Y3JIOB AJIEKTPOHHBIX YCHIMTEINEH BICIIETO Kiacca.

W3 Gospiioro MHOrooOpasusi cxeM (pyHKIMOHAIBHBIX Y3JI0B KaHalla YCHJICHHUS, OMYOJMKOBAaHHBIX B 3apyOe:KHbBIX
KypHasiax 3a mepuoj ¢ 1970 mo 1984 r., a Takke pa3pabOTaHHBIX aBTOpaMH, B KHHUIe IPHUBEICHBI HauOolee
HEePCIEKTHBHBIC, UMEIOINE YETKHE Pa3IM4YMTENIbHbIC NMPH3HAKM M O0ECHEeUYMBAIONIME BECbMa BBICOKHE IIOKA3aTelu.
CxeMbl, 3aMMCTBOBAaHHbIE U3 3apyOEKHBIX IyONUKalMH, MepecynTaHbl, A0paboTaHbl C YYEeTOM IPHHIHMIIA
COBMECTHUMOCTH M 3KCIIEPUMEHTAIBHO POBEPEHBI Ha OTEYECTBEHHON 3JIEMEHTHOH 0ase.

[IpuBeneHHbIE CXEMBI TO3BOJIAIOT CO3/aTh IIOJHBIH YCHIIUTENb 3BYKOBOW YacTOTBI C TEXHHYECKHUMHU
XapaKTepUCTHKAMH, YIOBIETBOPSIOMUME TpeOOBaHUAM coBpeMeHHBIX Hi — Fi ycTpoHCTB (Y4acTOTHBIN quama3oH He
menee 20 I'm... 20 kI'm, xkoaddunment rapmonux mensine 0,1%, oTHOomenue curran-mym Oombmie 60 nb). Kaxkmas
cxeMa cHaO)KeHa TaOnWIell TeXHWYEeCKUX XapaKTepUCTHK, MOIYYCHHBIX B pe3ysbTaTe HCHBITaHUi. Ecnm momydenne
BBICOKHX TEXHHYECKUX XapaKTEPUCTHK [T OTACIBHBIX Y3JI0B 3aBUCHT OT KOHCTPYKTUBHON KOMITOHOBKH CXEMBI, TO JUIS
TaKHUX Y3JIOB BMECTE C JIEKTPUUECKOM CXEMOM MPUBOIUTCS YEPTEXK M1€UATHOM IIIATHI.

B ocHOBY m3nmoxeHHs MaTepuania KHUTH MTOJIOKEH CIEAYIONIMHA MPUHINI. DJIEKTPUIECKash cXeMa KaHaja yCHUICHUSI
3BYKOBBIX CHUT'HAJIOB pa361/1Ta Ha JCBATH OCHOBHBIX (byHKLII/IOHaH])HI)IX Yy3J10B, 1<a>1<}11>1171 M3 KOTOPBIX BBIIIOJHACT
3aBCPUICHHBIC q)yHKIJ,l/II/I U MMCCT MHUHHUMAJIBHOC YUCJIO B3aMMHBI:; CBSI3EH. cDyHKHI/IOHa.]'II)HIJIe Y3Jibl BBIINIOJHAKOTCSA B
BUAC 3aBCPUICHHBIX KOHCTPYKTHBHBIX MOﬂyﬂeﬁ. }1.]'151 KaXJ0ro ysjia HOMUHaJIbHOC BXOAHOC HaNPsKEHUE, BXOAHOC U
BBIXOJIHOE CONPOTHUBIICHNS! YHU(DUIIMPOBAHBI TAKMM 00pa3oM, 4YTOOBI 00ECIIEUNTh UX AIIEKTPHUECKYI0 COBMECTUMOCTb.

st moydeHns: KOHCTPYKTHBHOM COBMECTHMOCTH MOAYJIEH pa3BojKa IeNiei CBS3M y3JI0B YHH(HIMPOBaHA, T. €.
pa3BoKa OJHOTHUIHBIX CHUTHAJOB (IHMTaHME, OOLIEro MpoBOJaA, BXOJ, BBIXOJ W T. II.) BBHIIIOJHEHa M MapKHpPOBaHA
OJIMHAKOBO.

[IpakTryeckass HampaBICHHOCTh KHUTU OIpPEIENiIa HEKOTOphle OCOOCHHOCTH W3IIOKEHHS MaTepuana. Tak,
ONMCaHWe MPUHINIIOB TIOCTPOCHUS CXeM H pPabOTHI YCTPOHCTB Oa3upyercs TOJIBKO HA YHUCTO KAYeCTBEHHBIX
npeacTaBIeHusAx. [IpuBoaumMbie GOpMYIIbHBIE COOTHOIIEHHS NAIOTCS 6€3 BBIBOJOB, HO C MOSICHEHUSIMH HX HCIIONB30-
BaHUS Ha IPAKTHKE.

Kuura cofepxur npakTHYecKue CXeMmbl (PYHKIMOHAIBHBIX Y3JI0B U PEKOMEHIALUH IO JOCTHIKEHUIO BBICOKHX
rokazarejeil kauecTBa JUIA OTACJIBbHBIX (l)yHKIlI/lOHaHI)HbIX Y3JI0B U BCEIro YCUJIMTEIBHOI'O TPAKTa B LICJIOM. Ona MOXeT
OBITh TI0JIC3HA IIUPOKOMY KPYTY KBAJTH(QHUIMPOBAHHBIX PAJUOIIOOMTENCH U PAJUOCIICIIHATICTO3, Pa3padaThIBAIOIINX
BBICOKOKAUECTBEHHYIO OBITOBYIO M TPO(ECCHOHANBHYIO 3BYKOBOCIPOU3BOISIIYIO alaparypy.

OT3BIBEI O KHHT€ MPOCHM HamparisATh 1mo anapecy: 101000 Mocksa, [TouramT, a/s 693, uznarensctBo «Pamuo u
CBSI3bY.



OCHOBHBIE TEXHUYECKUE ITOKA3ATEJIN U
XAPAKTEPUCTUKHU YCUJIUTEJIENA
3BYKOBOCITPOU3BEJIEHUA

OBILIUE CBEJIEHUA

CoBpeMeHHbIe YCHINTENH, NPUMEHAEMbIe Ul BBICOKOKAYECTBEHHOTO 3BYKOBOCHPOM3BEICHHS, NPEACTABIAIOT
COOOH CIIOXKHOE PaJHOIIEKTPOHHOE YCTPOMCTBO, COCTOAIEE W3 IIOCIEAOBATEIBHO BKIIOYEHHBIX (DYHKIMOHAIBHO
3aBepUICHHBIX Y3710B. CTPYKTYPHYIO CXEMYy COBPEMEHHOTO YCHIIMTEINSI BBICOKOKAYECTBEHHOI'O 3BYKOBOCIIPOW3BEICHHS
(YB3) MOXHO TpeCTaBUTh B BHIE COBOKYITHOCTH Pa3IMYHBIX MOJIYJeH, MPEACTAaBIIONMX co0ol (GyHKIHMOHAIBHO
3aKOHYEHHBIC YacTH YCWJINTEIbHOro ycrpoiictBa (puc. 1). K HHMM OTHOCSTCS CENEKTOpBl BXOAHBIX CHUTHAJIOB,
MIPEAYCHINTE-TTH-KOPPEKTOPBI, MHUKPO(QOHHBIE YCHIMTENH, (UIBTPBL, pEryiasITopsl TPOMKOCTH M OajaHca,
LIyMOIIOAABUTENH, PEryJsITOpPbl TeMOpa, KBaIpanpeoOpa3oBaTeNH, YCHIMTEIH MOIIHOCTH, WCTOYHHUKH ITUTAHUS H
pa3IMYHBIC Y3JIbI aBTOMATUKH. B nanbHEHIIEM 5TH MOJAYJIM YCIOBUMCS HA3bIBaTh (yHKUHOHAIBHBIMU y3iiamu (DVY).
OHE 00ecTeYnBaOT CEJCKIHWI0O CHTHAJIOB MHOTHX TEPBHYHBIX HCTOYHHUKOB (MHKPO(OHOB, 3JIEKTPO(OHOB,
MarHuTO(GOHOB, TIOHEPOB M T. I.), KOPPEKTHUPYIOT HACTOTHBIE XapPAKTEPHCTUKH OTHEIBbHBIX HMCTOYHHKOB 3BYKOBBIX
CHTHQJIOB, HOPMHUPYIOT YPOBHH CHTHAJIOB, OTAEGJSAIOT IIOJIC3HBIH CHUTHAaJd OT COMYTCTBYIOIIMX MEIIAIOLINX
COCTaBIIIOLINX, PETYJIUPYIOT YPOBEHb W TEeMOp 3BYKa, YCHJIMBAIOT MOIIHOCTH CHUTHAJIOB, a TaKXKe BBINOJHSIOT PAZ
Opyrux GpyHKOUH.
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Puc. 1. CprKTypHaﬂ cXema ycunuTtens BbICOKOKa4eCTBEHHOIro 3ByKoBoCcrnpouisegeHus

B Hacrosimiee Bpemsi nox YB3 mnoHMMamT JBYXKaHAJIBHYIO CTEPEO(GOHHYECKYIO WIM YEThIPEXKaHAIBHYIO
KBaipa)OHNYECKYI0 CHCTEMY 3BYKOBOCHPOM3BEACHHs, KOTOpas OOECIeYMBAET BOCIPHUSITHE 3BYKOBBIX KoJieOaHHMH
WCTOYHHMKOB CUTHAJIOB OpPHIMHANA, PACIIOJIIOKEHHBIX B IIPOCTPAHCTBE, a B Cilyyae KBaJIpaOHHMYECKOH CHCTEMBI — a
CHTHAJIOB BTOPHYHBIX aKyCTHYECKUX MCTOYHMKOB — OTPAKEHHH OT CTEH W JPYTMX OOBEKTOB B CTYIUH, CO37aBas
ollyleHne «armocepsl 3ana», T. €. 3p¢PeKT 00beMHOro 3By4aHHs. JTO, B CBOIO Ouepeb, 3acCTaBisieT BBOJUTH B
YCHUIINTENh HOBBIE 3JIEMEHTHI, TAaKME KaK PEeryJsTOphl OanaHca YpPOBHS I'POMKOCTH THUIOBBIX aKyCTHUECKHX CHCTEM,
KBaJpanpeoOpazoBaTely.

Paznenenne YB3 Ha psx QyHKIMOHANBHBIX Y3J0B HO3BOJSIET YHH(PHUIIMPOBATH CBA3M MEXKTYy HUMH U TEM CaMbIM
CO3J]aBaTh PA3INYHYIO 110 KAYECTBY M TEXHUYECKHUM BO3MOKHOCTSAM 3BYKOBOCIIPOM3BOSIIYO anmnaparypy [1].

Ha puc. | mnpuBemeHa CTpyKTypHas cXeéMmMa cOCTaBJICHHOr0 u3 @Y COBPEMEHHOro CTepeo()OHNIECKOro
3BYKOBOCIIPOM3BOAAIIETO TPaKTa, MAOMOJHEHHOTO KBajpanpeoOpa-30BaTeneM M JByMs KaHajlaMH yCWJINTEIeH
MOIIIHOCTH ISl TBIJIOBBIX aKyCTHMYECKUX CHCTEM (IUIsl IICEBIOKBaIpaOHMYECKOTrO0 3BYKOBOCIIPOM3BEACHUS). DTOT B
VYB3 ceituac sBusiercss Hanboyiee PacpOCTPAHEHHBIM MO JBYM mnpuunHaM. C OJIHON CTOPOHBI, OH BBHITOJEH W3
9KOHOMHYECKHX COOOPaXKEHUH (UeThbIpeXKaHaIbHbIE HCTOYHUKH 3BYKOBBIX CUTHAJIOB BECbMA JIOPOTH), & C IPyrod — OH
CO3J]aeT XOpOUIYI0 HIUIIO3HI0 OOBEMHOTO 3BYYaHWs, OKa3bIBAIOIIYI0 CHJIBHOE SMOIMOHANBHOE BO3JCHCTBHE Ha
CITyLIaTels.

Ycunurens BBICOKOKAaUECTBEHHOTO 3BYKOBOCHPOW3BEIEHHS (CM. pHC. 1) COCTOMT M3 JEBSTH AaBTOHOMHBIX DV:
MIpe Iy CHIIHTENICH-KOPPEKTOPOB CUTHAIA MAaTHUTHOTO 3ByKocHIMatens 1A1, 2A1 (OVY1); dpubTpoB BepXHAX W HIKHUX
gactot 171, 271 u 72, 272 (®Y2); perynsaropa crepeobananca Al, TOHKOMIIEHCHPOBAHHBIX PETYISATOPOB TPOMKOCTH
1A2, 2A2, nopmupyromux ycmnurenei 1A3 u 2A3 (DY 3); mymononasu-teneit 1A4 u 2A4 )(D®VY4); temOpobI0KOB
1AS u 2AS5 (DYS5); cunresatopa nceBnokBaapadonndeckoro curnana A2 |(@VY6); yeunureneir momHoctu 1A6, 2A6,
3A6, 4A6 (®Y7); nuaaukaropoB BeixogHoit momuoctu 1P1, 2P1, 3P1, 4P1 (DVY8); ycrpoiicTBa 3amuThl yCHIUTEICH
MOIIHOCTH U TpoMKoroBoputenent 1A7, 2A7, 3A7, 4A7 (®Y9); ucrounuka nutanus Gl.



ITepexmogarenem S1 BEIOMPAIOT HCTOYHHUK CUTHANA, S2 M S3 KOMMYTHPYIOT (PHIBTPBI BEPXHUX M HIDKHHUX YacToT,
S4 nepexirodaeT TPAKT U3 MOHO(QOHHYECKOTO pexuMa B crepeodoHuueckuid U1 HaoOopoT, S5, S6, S7 KOMMYTHPYIOT
COOTBETCTBEHHO 1IIeNIM  TOIOIIMIICHCALMKM, ILIYMOIOJABUTENSl W  perynsropa TtemOpa, S8 ycraHaBIMBaeT
nceBIoKBagpagoHrUecKuil pexxum padotsl YB3. Texuuueckue mokaszarenu ycwiutenei, onpexaensembic ['OCTom,
OCToM wiu APYyrUMH CIHEIHHATbHBIME PYKOBOIAIIMMH MaTepHajaMu, OOBIYHO KAcCarOTCs CKBO3HBIX XapaKTEPUCTHK
BCEr0 YCWJIHMTENBHOTO TpakTa. [lodTOMy Ui OIEHKM KadecTBa Kaxaoro @Y ycTaHOBUM CaMOCTOSITENIbHbIE
TEXHUYECKHE XapAKTCPUCTUKH.

[IprMepHbIe HOPMBI Ha TEXHHYECKUE XapPAKTCPUCTHKH OCHOBHBEIX DY yCHIMTENBHOrO TpakTa, pa3paboTaHHBIC
aBTOpaMH C YYE€TOM BO3MOXKHOCTEH COBPEMEHHOH »JIeMeHTHOW Oa3bl, mpuBeneHbl B Tabn. [ Jlna kaxmoro @Y
MpeIarafoTCs TPU YPOBHS MapaMeTpOB: HAYAIBHBIM — JUISI MPOCTHIX MAacCOBBIX KOHCTPYKLHH, CpemHHA — Ui
OTHOCHUTEIIFHO HEIOPOTHX KOHCTPYKIIMA TOCTATOYHO BBICOKOTO KadeCTBa W BBICIIHA — JJIS YHUKAIBHBIX

KOHCprKI_II/If/’I, 00eCIIeYMBaIOIINX BECbMa BEICOKOE Ka4eCTBO 3BYyYaHUs.

Taoauna 1
TexHU4YeCKAas XapaAKTEePHCTHKA Yposens
BBICIIHU cpeaHuit HAYAJbLHBIH
IIpenycuinresb-koppexTop (PY1)
Bxoanoe nanpsixkenue, MmB:
HOMHHAJILHOE 2,5 2,5 25
MakKcHMaibHoe | 200 100 25
BeixonHoe Hanpskenne, B:
HOMUHAJIbHOE 0,2 0,2 0,2
MaKcHMaJbHoe | 16 8 1,6
Koa¢dunuenr nepenauu Ha yacrore 1 kl'y,
nb 38 38 38
Ileperpy3ounasi cnoco0HOCTD, 1B, He MeHee 38 32 20
Otkinonenue AUX ot crangaprthoii (RIAA),
ab +0,2 +0,5 +2
OTHoOLIeHHe CUTHAJI-IUYM (HeB3BelleHHoe),
nb, He MeHee 75 65 60
Bxoxgnoe conporuBienue, KOm 47 47 47
BbixogHoe conporTusBiienue, kOm 1 1 1
OuabTPHI BEPXHUX U HUKHHUX 4aCTOT (PY2)
BxonHoe ¥ BbIXOHOE HanpsixkeHKe, B:
HOMUHAJIbHOE 0,2 0,2 0,2
MakKcHMaibHoe ' 16 8 2
Ko3¢pdunuenr nepegayu B nosoce npomyc-
KaHus 1 1 1
Ileperpy3ounas cnocooHoCTh, 1B, He MeHee 38 32 20
Kpyrtuzna AYX, nb Ha okTaBy (u3MeHsIeTCSH
nepekJIo4aresieM TUCKPETHO) 6,12, 18 6,12 12
Koa¢dunueHT rapMoHUK B 1HANIA30HE Ya-
crot 20...20000 ', %, He Goutee 0,01 0,02 0,1
OTHOLIEHNe CUTHAJI-IIYM (HeB3BelleHHoe) ,
nb 80 70 60
BxoaHoe conpoTuBjieHue, KOM 100 100 100
BbixogHoe conpoTusiienue, kOm 1 1 1
HopMmupyrommii yensaurenas (PY3)
BxoaHoe HanpsizkeHue, B:
HOMUHAJIbHOE 0,1 0,1 0,1
MAaKCHMAJIbHOE 2 1 0,5
BeixonHoe Hanpskenne, B:
HOMHHAJILHOE 0,8 0,8 0,8
MakKcHMaibHoe | 16 8 4
Ko3¢pdunuent nepegaqu B nosoce npomyc-
KaHus 8 8 8
Ileperpy3ouHasi cnocooHOCTD, 1B, HEe MeHee 26 20 14
Ko3¢puuueHT rapMoHUK B 1HANIA30HE Ya-
crot 20...20000 T'u?, %, He 6oee 0,01 0,02 0,1



OTHoleHne CUrHAJI-IIYM (HeB3BellIeHHoe) ,

ab, He MeHee 80 70 60
HoMmunanbHbIA AMANAa30H YacToT, I'1x 10-.. 100000 10... 100000 10...20000
BxonHoe conporuByieHue, kKOM 100 100 100
BbixogHoe conporusiienue, KOm 1 1 1
MIymononaButeab (DY4)
BxonHoe HanpsikeHue, B:
HOMHHAJILHOE 0,8 0,8 0,8
MaKcHMabHoe | 16 8 4
Koadpunuent nepenaun B mojoce npomyc-
KaHUA 1 1 1
Ileperpy3ounas cnocodHocThb, 1B, He Me-
Hee 26 20 14
Hopor cpaéaTeiBanus 2, 1B —30 -30 —30
onoca yacror (Ha yposue — 3 nb), I'ny,
He yiKe 10... 100000 10... 100000 10... 20000
Ko3¢d¢punmeHT rapMoHuK B 1Hana3oHe ya-
crot 20...20000 I uz, %, He 0oJ1ee 0,01 0,02 0,1
OTHOLIEHHEe CUTHAJI-IIYM (HeB3BellleHHOE),
nb, He menee - ® 100 80 70
Bxognoe conporuBienue, KOM 100 100 100
BoixogHoe conporuBiieHue, KOm 1 1 1
Temo6po0s0k (PY5)
HomuHa/IbHOE BXOJHOE HanpsixkeHue, B 0,8 0,8 0,8
Koy¢pumnuent nepenauu na yacrore 1 k' 1 1 1
IIpenens! peryJinpoBaHus TemMopa Ha 4ya-
crorax 100 m 10000 I'u, nb +12 +10 +8
Ileperpy3ounasi cnocooHocTh, 16, He Me-
Hee 20 10 6
Ko3¢gdunumeHT rapMoHuUK B 1uana3oHe 4a-
cror 20.. .20 000 I'?, %, He Gotee 0,01 0,05 0,1
OTHomIeHNe CUTHAJI-IIYM (HeB3BellleHHOe),
ab, ne menee * 80 70 60
BxonHoe conporuBieHue, kKOM 100 100 100
BbixogHoe conporusJienue, KOm 1 1 1
Cunresartop ncespaokpaapagonndeckoro curnana (PYe6)
BxoaHoe HanpsizkeHue, B:
HOMHHAJIbHOE 0,8 0,8 0,8
MaKcHMaJbHoe ' 16 8 4
Ko3¢pdunueHT nepegayu B 1mojoce npomyc-
KaHUA 04...1 04...1 04...1
Ileperpy3ounasi cnocooHocTh, 16, He Me-
Hee 26 20 14
Ko3¢gduumeHT rapMoHuK B 1uana3oHe 4a-
cror 20...20000 I'i’, %, He Goee 0,01 0,02 0,2
OTHoOLIEeHUe CUTHAJI-IUYM (HeB3BelleHHoe),
1B, He Menee - 100 80 70
Juana3on yacrtort caBura ¢pa3sl Ha 90°,
I'u 20. ..20000 20. ..5000 20... 2000
BxoaHoe conpoTuBjieHue, KOM 100 100 100
BbixogHoe conpoTuBjienue, KOm 1 1 1
Yeuaurenb moutnoct (PY7)
HomuHa/ibHOE BXOHOE HanpsixkeHue, B 0,775+0,05 0,775+0,05 0,775+0,05
HovmunanbHasi BLIXOAHASI MOIHOCTD, BT,
ne menee * 100 50 10
Koa¢punuent rapmonux, %, He 6oj1ee Ha
yacrtote, I'lm:




1000
20.. .20 000
IToJs10ca yacTOT NO BHIXOAHOMH MOIIHOCTH
(ua ypoBue — 3 1b), I'u, He yike
MakcuMaJIbHAs CKOPOCTh HAPACTAHUS BbI-
XOHOr0 HanpsuKkennsi, B/mke, He menee *
OTHoIIeHNe CUTHAJI-IIYM (HeB3BellleHHoe),
nb, He MeHee 5 6
BxonHoe conporusiienne, kOmM

0,01
0,05

20... 100000
25

1o
10

1 Ha wacrore 1 xI'y mpu koa¢durpente rapmonuk ve 6omee 0,5%.

2. HpI/I HOMUHAJIbHOM BXO/ITHOM HAIIPSI>)KECHUU.

0,05
0,1

20... 50000
7

80
10

3. IIpu makcumanbsaoM nogbeme AUX B ko3¢ dunmeHte rapmMonuk He 6osee 0,5%.

4 Tlpu 3aaHHOM K03 () GHUILIHEHTE rapMOHHK.
5. IIpy HOMMHAIBHOM BBIXOAHON MOIIHOCTH.

6. ITo OTHOMIEHNIO K COOCTBEHHBIM IITyMaM yCHJIATEIIS.

CKBO3HbBIE XapaKTCPUCTUKHA

annapaTypsl,

MIOCTPOEHHOH U3

@Y HavyanbHOTO YpOBHS,

0,08
0,2

20... 20000
2

60
10

YAOBJICTBOPSAIOT

MUHUMAaJIBHBIM TPeOOBAHUAM K CHCTEMaM BBEICOKOKAUYECTBEHHOTO BOCIIPOM3BEICHHS 3ByKa 10 ctaHmapTy DIN 45500;
nmapameTpsl @Y cpemHero ypoBHS 00eCleunBalOT CKBO3HBIE XapaKTEPHCTHKH, CBOMCTBEHHBIE TyUIIAM 00pa3iaM COB-
PEMEHHOW OTedeCTBEHHOH W 3apyOekHOU ammapatypsl kiacca Hi — Fi; HopMer Ha mapametpsl @V BeIcIiero ypoBHS
YCTaHOBJICHBI ~ HWCXOIS W3  aHalW3a COBPEMEHHOTO  COCTOSHHSI W TIEPCIEKTHB  COBEPIICHCTBOBAHHS
3BYKOBOCIIPOM3BOIAIICH TEXHUKH B OyaymieM. 3HaueHHs ITapaMeTpoB BEIOpPAaHBI TaKUM 00pazom, 94ToOsl Hu oauH OV B
Mpeesiax CBOETO YPOBHS HE OrpaHMYMBAJ XapaKTEPHCTUKM TpakTa B IiesoM. Mcmomp3oBanme DY ¢ pasHBIMHA
YPOBHSIMU TIapaMETPOB B OJHOM YCTPOWMCTBE HEXEJIATEeNbHO, TaK KaK 3TO NMPUBEIET K CHIXKEHUIO XapaKTEPUCTHK
YCUIIUTENS, KOTOpbIe OyIyT onpeensaThes napamerpamu @Y Xyaiero kayecTsa.
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Puc. 2. Cxema coeguHeHus @Y npwu Puc. 3. Cxema coegMHeHUS MOHTaXHbIX
06beAVHEHMN UX B 3BYKOBOCMPOU3BOOALLUN nat ®Y npu ob6beaMHeHMM UX B

TpakT 3BYKOBOCNPOMU3BOAALUNNA TPAKT

Cxemsl coenuHeHnit @Y mpu 00BeIWHEHHH WX B 3BYKOBOCIIPOM3BOMSIIMKA TPAKT IMOKa3aHBl HAa puc. 2 U puc. 3
(aymepanust BeiBosioB @Y Ha mepBOM M3 HUX COOTBETCTBYET HYMEpallMl KOHTAKTOB HAa TOPIAX MOHTA)XKHBIX IUIAT Ha
BTopoM). 3aech Beixoxg @Y1 coemmHeH HemocpeacTBeHHO ¢ BxogoM DVY2, Bexog ®V2 — c Bxomom OY3 u T. a.
[Mutanne Ha Kaxaeii @Y momaeTcst ¢ COOTBETCTBYIOMIMX LIMH O OTAEIHHBIM MPOBOAaM. UTOOB YMEHBIIUTH TOMEXH
(ona u mrymMoB), o011IHe TPOBOJIA CUTHATIBHBIX LIEHel 1 MUTaHHs (CPEIHsS TOUKa HCTOYHUKA JBYXIOJSIPHOTO [TUTAHHS)
pasgenenbl. C OTHENBbHOW IIMHOW (KOPIYCOM) COEOWHSIOT M 3KpaHbl, B KOTOPHIE IMOMEIAIOT YyBCTBHTENBHBIE K
HaBojkaM DV (cwm. c. 130).

B mpemiaraeMoM HCHOJHEHUH 3BYKOBOCIPOM3BOJAAILICTO TpakTa Hekoropeie DY (Hampumep, GUIBTPEI,
HOPMHUPYIOIIUE YCHIUTETH, TCMOPOOJIOKH H T. I1.) MOXHO TIOMEHSITh MECTaMH, & TAKXKE HCKIIOUYUTh OTACIbHBIC Y3IIbI (B
9TOM CIIydae Ha UX MECTO YCTAHABIMBAIOT KOPOTKO3AMBIKAIOIIHE MTEPEMBIYKH, COSIUHIIONINE BBIBOIBI BXO/Ia ¥ BBIXO/IA
HCKITFOYaeMOr0o y3iia). DTO OTKPHIBACT HIMPOKHE BO3MOXKHOCTH JUISI HMCCICAOBAHHA W ONTUMAILHOTO IMOCTPOCHHS
pa3pabaThIBAEMOT0 YCTPOWCTBA.

Konctpykums, moctpoerHast Ha 6aze monyneir @Y, okaspBaeTcsi BeChbMa pa0OTOCIIOCOOHON: BBIMISIIIAN M3 CTPOS
OV MOXHO 3aMEHATh 3alacHBIM WM 3aTIyIIKOW C KOPOTKO3aMBIKAIOIIUMHE (BXOJI C BBIXOJOM) IepeMbrukamu. llpu
9TOM HEKOTOpbIE IapaMeTphl YXYIIIAlOTCS, M TEPAIOTCS OTHENbHBIE SKCIUTyaTallMOHHBIE ymoOcTBa (Hampumep,
BO3MOKHOCTh PETyJIHMPOBaHUS TeMOpa NIpH BBIXOAE W3 CTPOsl TeMOpoOsIoKa), OmHAKO pabOTOCIOCOOHOCTH TpaKTa
coxpansercsa. Jlagee Oyner mpHBEOCHO OmMMCaHWe OaHKAa HCHBITAHHBIX CXeM pPa3sNUUHBIX DY, yIOBIETBOPSIONINX
nepeurciIeHHbIM TpeboBanusIM. Bece @Y coBmecTrMBbl HHDOPMAIOHHO, 3JIEKTPUYECKU U KOHCTPYKTHBHO,

ITon uH(pOPMAIMOHHONW COBMECTUMOCTBIO MOAPA3yMEBaCTCS COBMECTUMOCTh CHI-BajiOB, HECYIIMX HH(OpPMAIHIO
(Haan/lMep, 10 HOMHUHAJIBbHOMY JHala3oHy 4YacCTOT, CKOPOCTW HapaCTaHWA BbBIXOAHOI'O CUrHajlia, JUHAMHUYCCKOMY
JMarna3oHy W T. IL), MOJ SJCKTPUYECKOH — COBMECTHMOCTh IO HOMHUHAJIBHBIM YPOBHSM BXOIHBIX WM BBIXOIHBIX
CUTHAJIOB cOCeqHMX 10 TpakTy DY ¥ 1Mo BXOAHBIM W BBIXOIHBIM CONPOTUBIICHUSM, MOJ KOHCTPYKTHBHOH —
BO3MOKHOCTBh HEMOCPECTBEHHOTO KOHCTPYKTUBHOTO 00BbeanHeHNsI @Y B pe3ynbraTe 0JUHAKOBOW MPOKIAIKU JTUHHMA



CBA3U, IPUMEHCHNA OJHOTUIIHBIX PA3bEMOB U €AMHOTO IOPAAKA COEAUHEHNUA KOHTAKTOB C COOTBETCTBYIOIIUMH LETIAMA
DY.

ITOKA3ATEJIN KAYECTBA

Ycunurenu BICOKOKaYeCTBEHHOT'O 3ByKOBOCIPOU3BEACHHS JOIDKHBI YIOBIETBOPATH ONPEIEICHHBIM 00bEeKTHBHBIM
U CyObEKTHBHBIM TPEOOBaHUSIM.

Ha ceromusmHuii feHb HE CYyIIECTBYET IOJHOM OOBEKTUBHOM KOJMYECTBEHHOW CHCTEMbI OLIEHOK KadecTBa
3By4YaHHMs, OJJHO3HAYHO COBMAJAIONINX C CyOBEKTHBHBIM BIlCUaTIICHHMEM. Takue XapaKTepHCTHKH KadecTBa 3BYYaHUs,
KaK MpO3pavyHOCTh, YACTOTA 3BYKa, F3P(EKT NMpUCYTCTBUS, MATKOCTh U €CTECTBEHHOCTh 3BYKa, JI0 CHUX IOp HE MMEIOT
OOBEKTHBHBIX OIIEHOK. OJJHAKO CyIIECTBYIOIINE METOAbI OOBEKTHBHOW OLEHKH TEXHUYECKHX IapaMeTpOB MO3BOJISIOT
BO MHOTOM KOJIMYECTBEHHO H3MEPHTh M TIPEICKa3aTh IOCTHKAMOE KAadecTBO 3BY4YaHUS NPH CYOBEKTHBHOM
BOCIIPUATHU. JIOCTATOYHO TIONHBIE CBEJCHUS O TEXHHUYECKHX XapaKTePUCTHKAX YCHIIHMTENS MO3BOJIIOT 0e3
EKTPUUECKUX HUCTIBITAHUN BBISICHUTH CTEHNEHb NPHUMEHUMOCTH YCHIIUTENS AJISI KOHKPETHOTO MOTPEOHTENs, OBICTPO U
MIPaBIWIIBHO BBIOPATh M CIIPOCKTUPOBATH BECh 3BYKOBOCHPOU3BOISIINN KOMIUIEKC C yYETOM OIPEICICHHBIX YCIOBHH
DKCIUTyaTalliy, a TAK)KE OLEHUTH TPEATIONAraeMOe KaueCTBO 3By YaHusl.

K OCHOBHBIM TeXHMYECKMM II0Ka3aresisiM YB3 oTHOCSTCS BXOJAHBIE M BBIXOJHBIE HOKa3aTeNM, KOI(PPHUIHEHT
ycuneHus, norpedisiemast MoiHocTh U KI1/l, nuHeliHble W HeNMHeWHble HCKAaXKEHHs, YPOBEHb COOCTBEHHBIX MOMEX U
LIYMOB, aMIUIUTY/IHAsI XapaKTepUCTHKA, THHAMUYECKUH AHMaa3oH, cTa0MIBHOCTh MoKaszaTenel u 1p. Mbl paccMOTpUM
TE W3 HHUX, KOTOpPBIE HEIOCPEICTBEHHO OTPAKAIOTCS Ha CYyOBEKTHBHOM BOCIPHATHH KauecTBa 3BYYaHUs, a UMEHHO
YPOBHU JIMHEHHBIX U HETMHEWHBIX UCKAXEHUH, COOCTBEHHBIX TIOMEX U IIYMOB M JJMHAMWYECKUH AUana3oH yCHUINTENIS.

Jln1s1 KONMM4ecTBEHHOHM OLIEHKH ATHX IOKAa3aTelned BaKHBIM SBIISIETCS BHIOOP (DOP-MBI HCIIBITATENIFHBIX CHTHAIOB. B
OOJIBIIMHCTBE CITy4aeB HANPSDKEHWE HA BXOJAE YCHIMTEINSI M3MEHSCTCS 10 MEepHoIYecKoMy 3akoHy. dDopma kpuBoi
CHUTHAJa TPH O3TOM MOXKET OBbITh BEecbMa pPa3HOOOPA3HOW; OHAa IIOJHOCTBIO 3aBHCHUT OT XapakTepa CHTHAJOB
YCHIIMBAEMOTO HAIPSKECHUS.

Ilepuoandeckoe konebaHne MOXKET ObITh PECTaBICHO B Buae psina Dypoe:

ttgy (§) = Uy sin (@f + @1) + Uy sin (202 + o) +
+ o Upsin (ki pp)= ; Uy sin (kwt 4 gp).
=1

CorlacHO 3TOMY BBIPaKEHHUIO CIIEKTP BXOAHOTO CHUTHAJIA MPEACTABISETCS B BHJIE OECKOHEUHOIO psiia TapMOHHK C
KpaTHbIMH yacToTamu oT w=2nf 1m0 00. PeanbHO e npu 3BYKOYCHJIEHHMHM HMEIOT €0 C KOHEYHBIM JHaria30HOM
4acTOT, YTO O3HAYaeT, YTO 3a MpeAeTaMi HEKOTOPOU MOJIOCH, OTpaHIMYEHHOI BepXHEH 4acToToH f,, aMIUIMTyIBI Tap-
MOHHK PaBHHI HYIIO, T. €. Uy — 0 mpu kw>2nfp.

B oOmem ciaydae gopma HampspKeHHST 3BYKOBOTO CHTHANIA HE SIBJISETCS MEPHOAMYECKON (yHKIMEH BpeMeHH U ee
MOJKHO IPEICTaBUTh C MOMOLIbI0 MHTerpana Dypbe, SIBISIIOMIETOCS pacnpocTpaHeHneM paga Pypbe Ha OECKOHEUHO
60uIbIIION TIepHo TOBTOPeHHs (GYHKIMHU. [l 3ByKOBBIX CUTHAIOB MHTEPBAI MEX/Y 4aCTOTaMH F'APMOHUK CTPEMUTCS K
HYJIO, U MPEPHIBUCTBIM CIEKTP CHTHaja MPEBPAIIAaeTCs B CIUIOMIHON. A 3TO 3HAYMUT, YTO HAMPSHKEHHE 3BYKOBOTO
CUT'HAJIa UMEET HEIIPEPBIBHBIN CIIEKTP.

Ha npakTuke npu aHanuse W MCHBITAHUIX YCWINTENEeH 3ByKOBOM 4acToThl (34) B yCTAaHOBHMBLIEMCS PEXKHUME 4aCTO
UCIIOJNIB3YIOT B KaueCTBE BXOAHOTO CHTHAJIA HANpPSDKEHWE CUHYCOMIAIBHOM (DOPMBIL, UTO SIBISIETCSI BECbMa YCJIOBHOM U
rpy0Oii MOZENbI0 peaJbHBIX CHIHAIOB, ONPAaBIAHHOW TOJBKO C TOYKH 3PEHHS METOAWYECKOW IpocToThl. Takas
HAeN3alNs 1aeT IPaKTUIECKH YI0BIETBOPHUTEIILHBIE PE3YJIbTATHI Il IPy0O0il OLIEHKH KauecTBa ycuiureneit 34.

Buasl uckaskeHuii, BHocuMbIX ycusuTesieM 3Y. OCHOBHBIM KaueCTBEHHBIM NOKazareneM ycuiureins 34 spisercs
CTENEHb HEWCK)KEHHOTO BOCIIPOM3BEICHMS CHTHAJIOB Ha BBIXOJE, MOJBEACHHBIX KO Bxoxmy. Ilon wuckaxeHnem
TIOHUMAETCS BCSIKOE M3MEHEHHE (POpMBI CHTHAJIA HAa BBIXOAE Ug,, 1O CPABHEHHUIO C (popMOIl curHaia Ha BXOIE Uy. B
H/IaTIbHOM CITy4ae BBIXOAHOE HAIPSDKEHUE JOJDKHO OBITH TOYHO TaKOM ke (yHKIMeH BPEeMEHH, KaK U BXOIHOE, T. €.

uBbIX(t) = KBX(t)'
rae K — mocTossHHBIA KO (OUIIUEHT, He 3aBUCSIINN OT Uy, U 7.

OOBIYHO TIPH MPOXOKICHWU CHTHANIA Yepe3 yCHIIMTENb BCET/Ia BO3MOXKEH CIBHB CHTHAJa BO BPEMEHH M, UTO HE
ABJISICTCA UCKa)KEHNEM CUTHana. Toraa ycioBre HEMCKaXSHHOW pabOThl yCHIIMTENS UMEET BUA:

uBb|x(t) = Kqu(t _— nt)-

I[HSI €I'0 BBIITOJIHCHUA HeO6XOZ[I/IMO, YTOOBI B ycuiureae OTCYyTCTBOBAIN JIMHEMHBIC U HEIMHEHHBIC NCKAXKCHUS.

JInHeHbIe NCKaXKEHUS O6yCHOBﬂeHbl BJIMSTHUEM PCAKTHUBHBIX 3JICMCHTOB YCUJIUTCIIA — KOHJACHCATOPOB U KAaTYUICK,
COIMPOTUBJICHUC KOTOPBIX 3aBUCUT OT YaCTOTHI. OTH UCKaXKEHUSI UMEIOTCA U B JIMHEHHOM ycuiuTese, HalipuMep, npu
YCUJICHUU OYCHDb ci1a0bIX CHUI'HAJIOB, KOIr'J1a HEJIMHEHHOCTh aKTUBHBIX DJIEMEHTOB YCUIIUTEIA MOXKHO HE YUUTLIBATD.

K 1nHEeHHBEMM MCKaKEHHSIM OTHOCSTCS: YaCTOTHBEIC, (1)213013},16 1 MCPCXOJAHBIC UCKAKCHUS. YacToTHBIE UCKAKEHUS B
YCUIIUTCIIAX SABJISIIOTCA CJIICACTBUEM HCOAMHAKOBOCTHU KOS(l)q)I/IHI/IeHTa YCUICHHA Ha PA3JIMYHBIX YaCTOTAaxX B MNpeaciaax
33HaHHOI7I IMOJIOCHI MPOITYCKaHUA. H3-3a Hux HapyHmaroTCsa peaibHbIC COOTHOWICHUA MCKAY aMIUIUTyJaMU KOMIIOHCHT
CJIOKHOT O KOHe6aHI/I§I, a OTO 3HAYHUT, YTO MCHIACTCA 3HCpFCTI/I‘ICCKI/II\/'I CIICKTP CUTHaJIa, UCKaAXXacTCA (1)0pMa 3BYKOBOT'O
curHalia, 4To NpuBOAUT K 3HAYUTECIIbHOMY U3MECHEHUIO TCM6pa 3BYyKa. HpI/I OOJIBIINX YACTOTHBIX MCKAKEHHUIX 3By4YaHHEC
Pa3iIMIHBIX MY3BIKaJIbHBIX HWHCTPYMEHTOB TEPACT MPO3PAYHOCTDH, PEYb HEIACTCA HCpa360p‘IHBOﬁ. Ecmn KO3(1)(1)I/IL[I/IGHT



YCUIJIEHHS Ha BEPXHHX YacTOTaX 3BYKOBOIO JAMAIa30HA OONbIIE YEM HA HIDKHHX, TO MEpe/ada CTAHOBUTCSI HEHATypallb-
HOM: 3BYK TEpsIeT CBOIO COYHOCTb, TEMOp IOJIy4aeTCsl 3BEHAIINM, METAJUTMUECKUM. 1IpH CHIBHOM MOgbeMe HMKHHUX
qacToT T€M6p nepeaaym CTaHOBUTCA TJIYXHMM, BCE€ HU3KHC HOTHI OKa3bIBAIOTCA HCHATYPAJbHO NOAYCPKHYTBIMU. I[J'IH
HCUCKAXXCHHOT'O BOCIIPOMU3BEACHUA KOHe6aHHl7[ 3ByKOBOﬁ YaCTOThI HeO6XOZ[I/lMO PaBHOMCPHO YCHUJIMBATh BCC YaCTOTHI B
npesenax HeKOTOPOH TI0JIOCHL.

YacToTHBIE MCKa)XKEHHS, BHOCHMBIC YCHJIMTENIEM, OLEHUBAIOT M0 aMIUIUTYAHO-4aCTOTHON Xapakrepucthke (AUX).
KonmnuecTBeHHO OHHM ONpeNensioTcss HOPMHPOBAHHBIM KO3(QQUIMEHTOM ycwieHus M (ero 4acto Ha3bIBalOT
K0d3(p(HUIIMEHTOM YacCTOTHBIX MCKa)KEHWiH), paBHBIM OTHOIICHHIO KO3(QHUIMEHTa yCHIeHNsI Ha JaHHOW dactore K k
KO3 PUIHUEHTY YCHUICHHS Ha CpeTHnX dacTtoTax Ko.

M = K/Ks.

B norapudpmrraeckux enuaumax od paser G[nb]=201gM.

Obnacte AUX, B xoTopoit G mpaKkTH4IecKd He 3aBUCHT OT 4acToThl (Ha puc. 4 ot 200 I'm mo 10 x['m), Ha3BIBAIOT
obyacThio cpeHux 4actoT. HwpkHeil f, u BepxHed fg rpaHMYHBIMH YacTOTaMH HA3bIBAIOT Takue, Ha KOTOPbIX G
YMEHBIIAeTCS 10 3aJaHHOTo (RomycTUMoro) 3HaueHus Gpop OTHOCHUTENBHO KO3((HIMEHTa YCHICHHS Ha CPEIHMX
yactoTtax. O0JacTh 4acToT OT fy; 710 fg — pabouuii AMana3oH 4acToT, MM M0JIOCA IPOMYCKAHUS YCHIUTES.

Koa¢ppuunenTs! 4acToTHBIX MCKaxkeHUit Ha HU3MX Gy U Bbicmux Gp 4acToTax:

G. = 20 Ig [K (f.)/Ko], G = 20 Ig [K (fs)/Ko]

B MHorokackagHoM ycuiurene oOmMi KO3((GHUIMEHT YaCTOTHBIX HMCKaKEHUH Ha JIt00OIl yacToTe paBeH CymMe
K03((HUINEHTOB YaCTOTHBIX UCKAKEHU B OTAEIBHBIX KacKaJax:

GOBLI.I.=G1 + Gz"‘... + GN.
F=2e1q(k/K), 48 *
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Puc. 4. AMNnuTygHO-4acTOTHas xapakTtepucTuka ycunutensa 34

WX B3aMHOM KOpPEKIHeH MOXKHO TOOUTHCS, YTO YCHIIUTENb B [IEJIOM OyJeT MMETh HACAIbHO IIOCKyo AUX.

Ha npakTtuke ycunurenu 34, BHIIONTHEHHBIE 110 OOJBIIMHCTBY CXE€M, UIMEIOT HEKOTOPBIN CHajl yCUIeHHUs B 001acTu
HIDKHUX U BEPXHHX YacTOT M3-3a HAJMUYUS PEaKTHBHBIX AJIEMEHTOB M YACTOTHBIX CBOMCTB TpaH3UCTOPOB. CTeneHb
JIMHEWHBIX MCKAKCHHUN ycuiuTens 34 i OTEYeCTBEHHOM ObITOBOM ammaparypsl 3amgaercs mo 'OCT 24388 — 80. ¥V
JIyYIIUX 00pa3loB YCWINTEIbHBIX Y3/10B HepaBHOMepHOCTh AUX B 1namnazoHe pabouux 4acToT He JOJDKHA IPEBbHIILIATh
0,5... 1,5 nb. Jlnsg yMeHbIIeHUs] JMHEHHBIX HCKaXEHHH AMana3oH pabO4yMX YacTOT YCHIIUTENS BHIOMpAIOT MIMpe
Jyarna3oHa 4acToT, BOCIPOU3BOIUMBIX aKyCTUYECKHMU CUCTEMAMHU.

AMIIMTY THO-4aCTOTHAsI XapaKTEpPUCTHKA YCHIIMTENICH Ha TPaH3UCTOpaxX B 00JIACTH BEPXHUX YACTOT OIpenelsieTcs
€MKOCTSMH SMHUTTEPHOTO U KOJUIEKTOPHOTO IEPEX0/I0B, B 00JACTH HIKHUX YaCTOT — E€MKOCTBIO Pa3/eNIUTENbHBIX U
OJIOKMPOBOYHBIX KOHAEHCATOPOB. UTOOBI pPACIIMPUTH YaCTOTHBIM [HANa30H B CTOPOHY BEPXHHX YacTOT, JHOO
YMEHBIIAIOT CONPOTHBIICHNSI Ha BXOAE M BBIXOJE PE3MCTHBHOIO KacKajga» JIMOO BHIOMpAIOT Gosiee BHICOKOYACTOTHBIN
TpaH3ucTop. Jnana3oH yCHIMBaeMbIX 4acTOT MoxeT mpoctupathes 10 100 k[ u 6omee, 9TO MPUBOAUT K UCUE3AIONIE
MaJIbIM JIMHEHHBIM HCKaxeHHAM. OpHako 0e3 CHenualbHBIX MEp 3TO OOCTOATENBCTBO MHPUBOAMT K TaKUM
HE)KENaTeJIbHBIM SBJICHUSAM, KaK yCHIEHHEe HU3K04acTOTHhIX momex (20... 100 kI'm), cozmaBaeMbIX MPOMBIIIIICHHBIMU
yCTaHOBKaMM, T€HEpaLlUs Ha BBICOKHMX YaCTOTaX, YCUJICHHUE OCTAaTOUHBIX HanpspkeHuil ITH ¢ netexTopa nmpueMHHUKA U T.
1. [TosiBnstOTCSI HENTMHEHHbBIE UCKaXKEHNSs, BbI3bIBaEMble HHTEP(EPEHIMEN 3BYKOBBIX U MTOTHECYLIUX YaCTOT IPH padboTe
C TIOHEPOM HJIM IPUEMHHUKOM.

Jns OoppObl ¢ OSTHMH SIBICHHSIMM Ha BXOJIe YCHJIHMTENS BKJIIOYAlOT CIHELUUaJbHbIE HHU3KOYACTOTHBIE U
BBICOKOYACTOTHBIE (MIIBTPBL. JTHM oOecrieunBaeTcsi 3PQEeKTHBHOE IO/aBJICHHE COCTABISIONIMX (POHA, LIYMOB M
Mapa3UTHBIX CUTHAJIOB B TOM YacTH JHaIa3oHa, IJIe OTCYTCTBYIOT COCTABIIOLINE MOJIE3HOTO cHrHana. OnTuManbsHas
KpYyTH3HA criajia y Takux GuiabTpoB — 12 nb Ha okTaBy. PUIBTPEI 4aCTO JENAlOT IMEPEKII0YaEMbIMH, YTO TO3BOJISIET
BBIOMpATh MMPUHY BOCIPON3BOIUMBIX YaCTOT B COOTBETCTBHH C KAYECTBOM MY3bIKaJIbHOW IporpamMMel. McKyccTBEHHO
OTPaHUYIMBAThH MOJIOCH OTAEIBHBIX DY, 0COOEHHO yCHIUTENEH MOIIHOCTH, HELIEIeCO00pa3Ho, TaK KaK 3TO NMPUBEAET K
YBEJINYCHUIO JTUHEHHBIX NCKaXEHUH, 0COOCHHO (pa30-4aCTOTHBIS U IEPEXOIHBIX.

@a3oBble MCKaKECHHA SBISIOTCS PE3yJbTaTOM BHOCHUMBIX YCHIIHTENEM (ha30BBIX CABUTOB MEXIY pa3IMYHBIMH
YAaCTOTHBIMU KOMIIOHEHTaMH CJIOKHOTO 3BYKOBOI'O CUTHaJla, BCIJIJICTBHE 4YEro MCKakaercs ero ¢opma. B kauectse
npHUMepa pPacCMOTPUM TapMOHMYECKHH CUTHAN, COCTOSAIIMNA M3 OCHOBHOM M TpeThed rapMmoHuk (puc. 5, a). Ecnu B
pe3yibpTaTte IPOXOKACHUS Yepe3 YCHINTEIb TPEeThs FapMOHHMKA MOJyYUT cABUT Ha 90° 10 OTHOIIEHUIO K MEPBOH, TO,
KakK BHIHO 3 puc. 5,6, popma curnana usmenurcs. Ecin xe n nepBast rapmonuka Oyaer umers casur ¢aser 30° (pro.
5, B), TO CUTHAJI TOJILKO CIBMHETCS BO BPEMEHH, HO ()OpMa €ro He M3MEHHTCSL.

®daz0-yacTOTHBIE UCKAXEHUsI OYAyT OTCYTCTBOBATh, KOT/Ia YCHJIMTENb HAa BCEX YAaCTOTAX IOJOCHI IPOITYCKAHUS HE
BHOCHT ()a30BBIX CIABHIOB M €CiH (ha30BbIH CIIBUT, BHOCUMBIH YCHIIUTENIEM, IPONOPIIMOHAIEH YaCTOTE CUTHANA.



_ PR 200MpRuRd 4
- Guanga
3-r capMONUKT

{-7 200MOKUK T
Ceuawan
\ J-7 2aoMONUNT

T~ S@OMOKIIG u
- Lanan
3- fa’pﬂfoﬁ’a’#&

&

Puc. 5. UckaxxeHnsa hopMbl CINOXHOIo curHana npu casure dasbl OQHOW U3 €ro COCTaBIAOLLMNX

®a30BbIe HCKAKECHUS B YCHIIUTENE OICHUBAIOT MO (ha3o-gacToTHOU XapakTepuctuke (PUX). Dra xapakTepucTHKa
MPeNCTaBIsAeT co00i 3aBUCUMOCTH (pa3oBoro capura /¢ BBIXOIHOTO HAIMpPsDKEHHS (TOKA) OTHOCHTEIHHO BXOIHOTO OT
YacTOTHI IPH ACHCTBUH Ha BXOAE YCHIIUTEISI CHHYCOUAAIBHOTO CUTHAIA.

Tummaaas @YX ycunurens m3o0paxkeHa Ha puc. 6 HenpepbBHOH ynmHHEH. [lpn JI®>0 BbIXomHOE HampspKeHUE
omepexaer BxomaHoe, npu Jp<0 — orcraer. He cosmaromas uckaxenuii popma curnana ®UX mpepcrariser coOoi
JMHEHHYIO 3aBUCUMOCTb ()a30BOr0 CIBUTA OT YACTOTHI:

Ao(f)= — 2nt;(f — fo),

TZie f, — TPYIIIOBOE BpEMs 3aIa3IbIBaHUs.

I'pymmoBoe Bpems 3ama3AbIBaHus IPEACTaBiIsIeT co00i mpou3BoAHy0 1o yactote DUX, 1. e. t;=dp>(t)/(2udf). llpu
suHenHod @UX Bce creKTpalbHbIE COCTABIIAIOIINE BXOAHOIO CUTHAJIA 3al1a3]bIBAIOT HA OJMHAKOBOE BpeMs fa, YTO HE
BbI3bIBaE€T MCKakeHHs ¢(opmbl curHana. Ecnmu DUX HenuHeliHa, TO pa3iMyHbIE CHEKTPajbHbIE COCTABISIOLINE
BXOJHOTO cUrHaja OyIyT 3amas3jsplBaTb Ha pPasziIMYHOE BpeMs, (opMa BBIXOAHOTO CHTHaja HMCKa3WUTCs, BEPHOCTb
BOCIIPOU3BEICHHS MY3bIKaJIbHOTO IPOU3BEAECHUS HAPYIIUTCS.

KonnuecTBeHHOM OuEeHKON (a30BBIX HCKaKeHUH CIyXuT HenmHeWHocTh PUX peanbHOro ycuiauTelns, paBHas
pasHocTH Mexay peanpHOil OUX ycunuTens u anmpOoKCHMHPYIOMICH ee JIMHEHHON (yHKIuei B pabodeM auamazoHe
gacToT. AnmpokcumupoBaTh PUX ynoOHee ToMaHOU JHHUEH, 00pa30BaHHON MPSIMOIMHEHHBIMA OTpe3KaMu (Ha puc. 6
OTMe4eHHI Iudpamu 1, 2, 3).

[IpunsTO CuMTaTh, YTO B IIMPOKOM JAMANA30HE 3BYKOB UEJIOBEYECKOE yXO HE pearupyeT Ha n3MeHeHHe (pa3oBbIX
COOTHOIIEHUHA MEXAY OTICIbHBIMA T'APMOHHUYECKHMMHU COCTaBIIIONIMMH CIEKTpa curHaia. OT4acTH 3TO BEPHO IpHU
MOHO(OHHYECKOM BocnpousBeseHHH. OJHAKO B BBICOKOKAYECTBEHHBIX CTEPEO(OHMYECKHX M OCOOEHHO B
kBaspaoHnUeCKNX cucTeMax (a30-4aCTOTHBIE MCKaXXEHHUSI CYLIECTBEHHO BIIMSIOT Ha BEPHOCTh BOCIIPOM3BEICHUS
MY3BIKaTbHOM MPOrpamMMbl, MO3TOMY O3TH HCKaXXEHUS MOJDKHBI ObITh HOpMHpoBaHbL. CleayeT OTMETUTh, YTO B
AKTHBHBIX IICEBIOKBapapOHNIECKUX cucTeMax 3((PeKT 00BEMHOCTH 3ByKOBOro 00pasa gocturaercsi popMHUpOBaHHEM
CIEIMAIbHBIX (DA30BBIX XapaKTEPUCTHK yCHIIUTENEH THIJIOBBIX KaHAJIOB.
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Puc. 6. ®a3o-yacTtoTHasa xapakrepuctuka ycunurtens 34

[To abconmoTHOMY 3HaueHHIO (Pa3oBbIX caBUroB Ha Hu3lieil [, u Beiciet [, yactoTax cyasr 00 ycToiHYMBOCTH
ycuiuTened ¢ riryookoi oOpaTHOH CBsI3bi0. B BBICOKOKAYECTBEHHBIX YCHJIMTENSX 3BYKOBOCHPOW3BeAeHHS (a3oBbie
uckaxxeHus:t 0¢ B paboyeM jauamna3oHe 4YacTOT HE JOJDKHBI IpeBblmiath 4... 5°. Pacyersl NOKa3bIBAIOT, 4TOOBI
HEJIMHEHHOCTh (Pa30BOI XapaKTepUCTUKH B Ipeieiax padodero auana3oHa Oblla MeHbIIe 2°, I0JIOCY NPOIYCKaHUs
YCWINTENs] HY)XKHO paclMpuTh B 00€ CTOpOHBI B 2,5 pa3a, T. €. JUId YCHIHMTENEH BBICOKOKaueCTBEHHOTO
3BYKOBOCIIPOM3BEICHHUS, MMEIOLINX McUe3arolie Mable (pa3oBble HCKaXXEHUs, 10JI0Ca TPOIYCKaHUs TOJDKHA OBITH ...
50 000 I'm.

Kak ormedanoch, pealbHBI 3BYKOBOW CHTHAJI MMEET CIOKHYIO HUMITYJIECHYIO (opMy. B BBICOKOKaueCTBEHHBIX
YCHIINTEISIX TpeOyeTcsl BBICOKass BEPHOCTh COXpaHEHHUs! (hOPMBI BXOAHOTO curHaia. V3meHeHme (opMbl CHTHaNIa Ha
BBIXOZIE YCWJIMTENS 3aBUCHT KaK OT aMIUIUTYJHO-YacTOTHBIX, TaKk M (Pa30-4aCTOTHBIX HCKaxkeHHH. Oxugaemoe
n3MeHeHue (HOpMbl CUTHATAa MOXKET OBITh JIETKO ONPEAENICHO aHAIN30M NEPEXOAHBIX IPOLECCOB B LEISIX YCHIUTENs,
0OYCIIOBJICHHBIX HAJIMYMEM PEAKTHUBHBIX 3JI€MEHTOB. [103TOMy Ml KOJMYECTBEHHOM OIIGHKM HCKaXEHUH WH3-3a
HEePEXOHBIX MPOLECCOB, MPHUBOIIIMX K M3MEHEHHIO (OPMBI CHrHaNa, yJOOHO NPOAHAIM3MPOBATH IEPEXOIHYIO
xapakrepuctuky (IIX) ycunurens.

[epexonHass XapakTepHCTHKA €CTh PeakLusl /(¢) yCUIUTENs Ha Bo3JelcTBHEe equHuuHON (yHkuuu 1 (2) (puc. 7) n
MIpeACTaBIsET COO0M 3aBUCHMOCTh MTHOBEHHOT'O 3HAUCHHUS BHIXOIHOTO HAINPSDKEHUS YCHITUTENS Uy(t) OT BpeMeHH Ipu
CKauK00Opa3HOM M3MEHEHHHU HaNpsDKEHHs Ha BXoje ycuiuTens. [lepexoqHbple nCKaKeHUs! OLEHUBAIOTCS] HCKaKEHHSIMU



(GpOHTa U IUIOCKON BEpIIMHBI UMITyJIbca. OOBIMHO B YCHIMTENSIX 34 MCKaKeHUS IUIOCKOH BEPLIMHBI MMILYJIECA MOXHO
HE HUCCIENOBaTh, TaK KAaK OHM CBA3aHBl C MCKQ)XEHUAMH B HH3KOYAaCTOTHOM YYacTKE CHTHaja, KOTOpBIE JIETKO
npoaHanusuposate no AUX ycunurens. MckaxeHus (poHTa MMIyJIbca OLEHHBAIOT MO €ro JJIMTENBHOCTH ty U
BBIOpOCY Oy (cM. puc. 7). OHU IPUBOJAT K JMHAMUYECKHM HCKa)KEHHUSIM, KOTOpBIE IPOSIBISAIOTCA B BUjiE 3aBajna GpoHTa
PEe3KHUX TEepenajoB YPOBHSA pEaNbHOTO MY3BIKaJbHOTO CHIHajJa U KPAaTKOBPEMEHHOTO BO3PACTAHUS HETMHEHHBIX
HCKaKeHUH B 9TOT MOMEHT M3-3a 3alla3/(bIBaHMsl CHT'HaJa OTpuLaTeabHoi oOpaTHoii cBs3u (OOC). [ns yMeHbIIeHUs
JUHAMHYECKUX UCKKEHUH OOBIYHO MOBBIMIAIOT OBICTPOICHCTBIE yCHIINTENS U yMeHbInaroT riayonny OOC.
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Puc. 7. NepexoaHasn xapaktepuctuka ycunurtens 34

beicTpoeiicTBrE YCHITUTENST MOXHO OLIEHHTh Kak I10 JUIMTEIbHOCTH (PPOHTA, TaK U IO MOJIOCE MPOMYCKaHHS WU
MaKCUMaJbHOW CKOPOCTH HapacTaHUsl BBIXOJHOTO CUTHANA Up.c. MaKCUMallbHas CKOPOCTh HApacTaHUs NIl TUHEHHBIX
CHCTEM CBsI3aHa C IOJIOCOM NMPOITyCKaHus (ee BepXHeH TpaHuIeil) COOTHOILICHHEM:

Umax = 2n fmax UO maxs

rae fu. — MakcuMallpHas 4acToTa, lepenaBaeMas ycuiuteiaeM 0e3 uckakeHud; U, pm.x — MaKCUMajbHas
HEHCKa)KEHHAs! aMILUIUTY/1a BBIXOJHOTO CHHYCOHMJaJIbHOTO CUT'HAJA.

OnHaKO OKOHEYHBIH YCHJIMTENb OYEHb PEIKO MOXKHO CUUTaTh JOCTATOYHO OJM3KMM K JIMHEHHOH cucreme,
0COOEHHO Ha BBICOKHX 4acCTOTaX, II03TOMY bLaX sl ycunuTeneld MomHocty 34 ouennsatot no 11X.

3HadyeHne «max onpeAenstoT rmo [1X (cM. puc. 7) Kak MaKCHMaJIbHYIO IIPOU3BOIHYIO /1 (1), T. €.

o = {7 = (67 e

Yem Ooibpllle CKOPOCTH HApacTaHWs BBIXOJHOTO HAMPSIKCHUS, TEM KAYeCTBCHHEE BOCIIPOHM3BOJHUTCS 3BYKOBas
maHopama. XapaKTepHOe 3Ha4eHHUE U,,aX I BBICOKOKAYECTBEHHBIX YCHUIINTENEH MOITHOCTH cocTaBisieT §... 80 B/Mkc.
MeHHO Takue YCWIIUTENN MOJMY4YaroT BBICOKYIO OILEHKY CO CTOPOHBI SKCHEPTOB INPU ONpEACTICHHM KadecTBa
3BYKOBOCIIPOU3BEICHUS [2].

Bribpoc ¢ponTa 6¢ (cM. puc. 7) ecTb OTHOCHUTEIbHAS PA3HOCTh MEXAY MaKCHMAIbHBIM 3HAUYEHHUEM BBIXOJHOTO
HanpsKEHUS Uy, U €10 yCTAHOBUBLIIMMCS 3HaUeHUEM Uy:

—U.
S = Eﬂ%y—!—-loo%.

Hanuuue BoiOpoca B I1X nmpuBOguT K «3BOHAM», K «METAJUTMYECKOMY» 3BYKY. B BBICOKOKaYECTBEHHBIX YCHIIUTEISIX
BBIOpOC O¢) He 1oJDKeH MpeBbIaTh 4... 6%.

Mexay AUX, ®UX u IIX ycunuTens CymecTBYeT CIIOKHAs 3aBUCHUMOCTb, CBsI3aHHas C TE€M, 4YTO BCE TpH
XapaKTEePUCTUKU OOYCIIOBJIEHbl HAIMYHMEM OJHUX W TeX K€ PEaKTHUBHBIX 3JieMeHTOB. OJHAaKO CyIIECTBYOLIHE
rpadguyeckue MeTojsl, nospoisitomue 1o m3BecTHBIM AUX um OUX onpenenuts [1X, 10BOJIBHO TPOMO3AKH M HE
Harsaael. Ha npaktuke npore nomyuuts [1X Ha sxpane ocumsuiorpada, mpyu Heo0X0ANMOCTH HOAKOPPEKTUPOBATH €€
U OLIEHUTH NapaMETPHL.

HenuHeilHble WCKa)kK€HUS BBI3BaHBl IIPOXOXKICHHEM CHUTHAla 4epe3 JJIEMEHTBHI, HMEIONINe HEIMHEHHbIE
XapaKTEePUCTUKH, HAIlpUMeEp, 4epe3 TPaH3HUCTOPHI, BCICACTBHE YEro MCKaskaeTcsl (hopMa KOIeOaHUs U MEHSETCS €ro
CIEKTPAIIbHBIN cocTaB. II0CKOIbKY YCHUIINTENh BHOCUT HEJTMHEHHBIE UCKAXKEHUS, TO HA €r0 BBIXOJIE MOSABISIOTCA HOBBIE
KOMITOHEHTHI (TapMOHUKH), OTCYTCTBYIOIME Ha BXOJIE, YTO BBI3bIBAET HCKaK€HHME TeMOpa 3Byka. KommuecTBeHHON
OLICHKOM HEIMHEHHBIX UCKAKEHUI ABJISICTCS KOI(D(MUIMEHT TrapMOHKK K2.

Kp= V'FeiPy

rie P, — cyMMapHasi MOIIHOCTh F'APMOHUK; P/ — MOLIHOCTb IOJIE3HOTO CHTHAJIA.

N3 Bcex TapMOHUK Han6onee WHTCHCUBHBI BTOpasA U TPCThA. OcTanpHbIe UMEIOT ropasio MCHBIIYKO MOIIHOCTbL U
MaJio BJIUSIOT Ha ()OPMY BBIXOJHOTO CHT'HAJIA.

Koa¢ddunmeHnr rapMoHMK MHOTOKacKaJHOTO YCHJIMTENS OOBIYHO OJNM30K K cyMMe KOI(QHIMEHTOB TI'apMOHHUK
OTAEJIBHBIX KackajoB. IloaToMy ecian HeNMHEHHbIE WMCKa)XEHHWsS B IIPEBApUTENBHBIX KacKalaX COM3MEPHUMBI C
HCKaKCHUSIMH B OKOHEYHOM Ka-

cKaze, To o0muit Ko PUIMEHT TaApMOHUK TPAKTa 3ByKOBOCIIPOU3BEICHHISI MOKHO OLICHUTH IO (hopMyJIe:



Kp.oﬁuj, Kr1 + Kr2 + ..+ Krm

Onnako ko3(dunueHt KT 1aeT HEMOJIHOE MPEICTABICHHE O HEIMHEHHBIX HCKAKEHHSIX B YCHJIMTEIE, TAK KaK OH He
YUUTHIBAET CHTHAJIbI KOMOMHAI[MOHHBIX YaCTOT, 00pasylolinecs B pe3ysibTare MHTep(EepeHInn MeXIy OTAebHBIMU
COCTaBJISIOIIMMHU CJI0KHOTO KoyieOanust. Hanboiiee 3aMeTHBI HeJIMHEHHbBIC HCKAXKCHUS M3-32 KOMOHMHAIIMOHHBIX YacTOT,
BO3HHKAIOIIKE MPHU MOJaue HA YCHWINTENb JBYX M OOJIBIIErO YKCIa CHHYCOMIAIBHBIX CUTHAIOB. OCOOCHHO 3aMETHBI
KOMOWHAIMOHHbIC YacToThl Buaa f1 — {2, f1l — 22, 2f1 — f2, Tak kak OHHM, KaK NPaBUIIO, HE COJEPIKATCSA B CIICKTpPE
JIaYKe CJI0’KHOT'O BXOJHOT'O CUTHAJIA.

JIJs BEICOKOKaYECTBEHHBIX YCIITUTENICH YacTO BBOJAT €IIe OIHMH MOKA3aTellb, XapaKTePU3YIONIMA X HETMHCHHOCTS,
— kK03 PHUIMEHT MHTEPMOAYIAIUOHHBIX UcKaxkeHul K, ,. [Ipu usmepenun K, , Ha BXOI YCHIUTENS MONAIOT JBa
rapMoHMYecKnx konebanms ¢ gacroramu: f1=50... 100 T'm wu f2=5... 10 k[ 0pH OTHONICHHH AaMILUIUTY]
Upx(f1)/Upx(f2)=4/l. Kospdpumment K, paBeH OTHOIICHHIO aMIUIUTYIbl BBIXOZHOTO HANPSDHKCHUS Pa3HOCTHOW
YaCTOTHI fZ — fi K aMIDINTY 1€ BBIXOAHOTO HANIPSHKSHUS YaCTOTHI f:

X o Uz (i —f1)
e Usnzx (fi)

JHomycrtumoe 3nauenne K, ,<0,1 ... 1%. UccregoBanus aBTopoB moka3eiBatoT, uto K\ = (3... 5) Ke. YuutsiBas 310
U CJIOXHOCTh H3MepeHHss KO3(dUIlMeHTa HHTESPMOIYJSAIMOHHBIX HCKaKEHWM, aBTOphl He wusMepsiin Ky, B
yCl/IJ'll/ITeIl}IX, CXEMbI KOTOpI)IX le/IBeZ[eHI)I B KHUTC.

HeHHHeﬁHble HNCKAXXCHUSA 3HAYUTCIBHO 3aBUCAT OT aMHJ’ll/ITyHl)I I1oaaBacMoOro Ha BX0J CUTrHaJ1a. Ha pI/lC. 8 IIOKa3aH
xapakrTep 3aBHCUMOCTH Kod(dduiuenta Kr oT MOIIHOCTH Ha BBIXOJIE YCHUIMTENSA. JTa KpHUBas SIBISETCS OCHOBHOMW
XapaKTCPUCTHKON JUIS OLICHKM HEIMHEHHBIX WCKakeHWd. OHa CIYKUT TarKkKe IS ONPEACICHUS MaKCHUMAIbHOW
MTOJIC3HOW MOIIHOCTH YCHJIMTEIIS 0 3a7aHHoMy K.

Koadpdumment rapmoHnK 3amaercs, Kak MPaBHUIIO, sl OOJBIIOTO YPOBHS BXOJHOTO CHUTHANA. J[s TpaH3MCTOPHBIX
YCHIINTEIEeH MOIIMHOCTH XapaKTepHO YBEIMYCHHE HETMHEWHBIX MCKAKEHUH TPH BEChMa MaJlbIX YPOBHSAX BXOIHOTO
CHTHAJIA, YTO BBI3BAHO MCKAXCHUSAMH THIIA «CTYIIEHBKA) WM «IEHTpPAIbHAS OTCeukay. [10aTOMy AJS MOIHOW OLIEHKH
KayecTBa YCHIUTENS IelecooOpa3sHO KOHTPOJIMpoBaTh Ke TakkKe MPH MalblX ypPOBHAX BXOIHBIX CHUTHaIOB. B
YCTPOMCTBAX, CXEMbl KOTOPBIX AaHbl B KHUTE, KOI(DOHIMEHT TapMOHUK HM3MEPSUICS HA MajbIX YPOBHSX BXOIHOTO
CUTHAJIa TIPY BBIXOAHOM MomtHocTH 50 MBT.
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Puc. 8. 3aBucumoctb koachduumeHTa HeNUHEWHbIX MWCKaXXeHUM OT MOLLHOCTM Ha Bbixoge
ycunutens 34

B ocHOBHOM HeIMHEMHBIE MCKA)KEHUS BO3HHMKAIOT B OKOHEYHOM U MMPEAOKOHECYHOM KacKalax. I[J'lﬂ OKOHE€YHBbIX
yCHJ’lMTeJ’leﬁ BHOCHMbIE HEJIMHEWHbBIE NCKAXKESHUS Pa3JIMYHblI Ha pa3HbIX YaCTOTax. B O6J'IaCTl/I IpaHUYHBIX YaCTOT I10JIO-
CBI TPOIYCKaHUsI OHM BO3PAcTaloT (IPH HEM3MEHHOM aMIUIMTYJe BXOAHOTO CHI'HaNa). JTO OOBSCHACTCS PEaKTHBHBIM
XapaKTepOM COIPOTHBICHUS HArpy3kd OKOHEUYHBIX TPAaH3UCTOPOB M CBS3aHHBIM C O3THM HM3MEHEHHEM (GOpMBbI
JUHAMHYECKOW XapaKTepUCTHKH Ha KpalHUX YacTOTax IOJIOCH! IPOIYCKaHusI.

JonycTrmble HeTMHEHHbBIE NCKaKEHNS 3aBUCAT OT Ha3HAYECHUs ycuwnTels. Tak, 6 ycunurensax 34, ucronbp3yeMbIX B
paauoBeIaHNK W OBITOBOW 3BYKOBOCIIPOM3BOIAMICH ammaparype, kodd¢unuent rapmonuk nmo 'OCT 11157 — 74
JIOJDKEH COCTaBIATH |... 2%. B BpIcOKOKauecTBeHHOH mpodeccronansHoi ammnaparype K,<0,05%.

B mocienHne TonBl PE3KO YIyUINWINCH TNApaMETpbl BBICOKOKIACCHON 3BYKOBOCIPOM3BOISIIECH amlmapaTypsbl.
OcoOeHHO 3aMeTHa TEHAEHIHA K CHIDKCHHIO HENWHEHHBIX HcKakeHWH. llosBummce ycmnutenun 34, y KOTOPBIX
ko durment Kr< 0,0005%. octmkeHne Ype3BbIYaiHO MaJIBIX HEJIMHEHHBIX MCKAKEHHH CBS3aHO C MPUMEHEHUEM
0OJIBIIIONO KOJIMYECTBA TPAH3HCTOPOB C BBICOKUM KOI(DGHUIIMEHTOM YCHWJICHHS M ycTaHOBIeHHeM TIiayookoit OOC.
[locnenHee  0OCTOSATENHCTBO — NMPHUBOMUT K  YXYALUIGHHIO  JWHAMHYECKMX  (CKOPOCTHBIX)  XapaKTEPHCTHK,
3aKJIroYaromemMycsa B TOM, 4TO pe31<1/1171 CKa4YOK HalpsH>KEHUA Ha BBIXOJC 3ala3gbIBA€T 110 OTHOUICHUIO K BbI3bIBAIOLIEMY
€ro CKauykKy Ha BXOJe. OJTO MPHBOIUT K <« KECTKOMY», «TPaH3MCTOPHOMY» 3BYYaHHIO, HCUE3aE€T MSATKOCTbD,
6apXxaTUCTOCTh 3BYKa IPH CYOBEKTHBHOM BOCTIPHATHH MY3bIKaJIbHOW IPOTPaMMBI.

IIpob6mema 3ameTHOCTH KO3 dUIMEHTa TapMOHUK B auana3oHe 1... 0,0005% He mMeeT 0THO3HAYHOTO TOJKOBAHUS.
MOXHO JHUIIb YTBEP)KAATh, YTO €CIM IOJYYEHBI Majible HEIWHEWHBbIC MCKAXEHHUsS, U OHM JOCTUTHYTHI HE 3a CYET
YXYOIECHUS IPYTUX MTapaMeTpoB YCHIIUTEIS, TO 3TO TOBOPUT O COBEPUICHCTBE YCHIIMTEIHFHOTO TPAKTA.

OnHako ciegyeT OTMETHTb, YTO HCIIBITAHWME YCHIIHMTENEH CO CBEpXMAJIbIMH HEIMHEWHBIMH HCKOKECHHAMHU
MIPEABSBISET BECbMa BBICOKHE TPEOOBaHMS K HEIMHEHHBIM MCK)KEHHAM HCTOYHHKA HCIBITATENBHBIX CHUTHAJIOB.
Jlydmne oredecTBEHHbIE 3ByKOBbIe TeHepaTopsl Thna ['3-102 obecneunBator Ke He menee 0,05%, T. €. UIMEIOT TOT ke
HOPSJOK, YTO M HEJIMHEWHbIE MCKAKEHMs, BHOCUMBIE CaMHM ycuinTeseM. Paspemaromias ciocoOHOCTh M3MepuTesen



HennHEeHHbIX ucKkakeHH CO6-5 Taxke cocraBmsger ot 0,02 mo 0,03%. IlosToMy TOYHBIE H3MEPEHHS CBEPXMAJbIX
HEJIMHEHHBIX HCK)KEHUH BECbMa 3aTPy IHUTCIbHBI.

Jnst vcnpITaHU CBEPXJIMHEWHBIX YCHIIMTEINEH CleayeT M0JIb30BaThCsl MPELN3NOHHBIMU 3BYKOBBIMH T'€HEpaTopamu
U aHaIu3aTopaMH CHeKTpa. XOpOIIMe Pe3yJbTaThl IPU OLEHKE CBEPXMAJIbIX HEJIMHEHHBIX HUCKAXKECHUH JaeT METOo[
KOMIIeHcauu [4].

Ilpu wucnbpiTaHMKM ONUCAHHBIX B KHUre YCWIMTENed wucnonp3oBaics reHeparop [3-102, npeaBapurenbHO
WCIIBITAaHHBIA aHAJIM3aTOPOM crieKTpa 1 obecnieunBaromuii Kz <0,02%, n u3smepurels HeIMHEHHBIX HcKkaxeHuid C6-5 ¢
paspematomieil ciocooHocThio 0,02%. Ecim nHorna ykaspiBaercst 3HaueHrne Kr, MeHblllee WM PaBHOE pa3pellaromei
CIIOCOOHOCTH M3MEPEHHH, TO 3HaYuT K, YCHJIUTENS M BXOJHOTO HCIIBITATEIBHOTO CHUTHajla HE OTIMYAINCH APYT OT
apyra.

IIpu oTcyTCTBMM CcHUTHala Ha BXOJAE YCHIIMTEIS Ha €ro BBIXOJE ACHCTBYeT HEKOTOpoe (OOBIYHO HEOOIBIIOE)
HanpspKeHne. JTOo HaIpsHKEHHE 00YCIIOBIEHO B 00« HOBHOM €0 COOCTBEHHBIMH [TOMEXaMH, CPEIH KOTOPBIX PA3IHYAIOT
¢oH, HaBOAKHM, MHUKPOGOHHBIH 3(P(EKT, TEIUIOBbIE LIYMbl PE3UCTOPOB M IIACCHBHBIX 3JEMEHTOB B aKTUBHBIMH
HOTEPSIMHU, LTYMbI YCHINTEIbHBIX 2JIEMEHTOB.

@®oH 00BIYHO MOSIBISIETCSl B pe3ysibTare HEJOCTATOYHOW (MIIBTpALMK IMyJIbCUPYIOIIET0 HANpPSDKEHUS! MCTOYHUKA
NHUTaHKs, pabOTarOWIEr0 OT CeTH IIEPEeMEHHOro ToKa. ['apMOHMueckHe cocTaBisifoline (OHA KpaTHBI 4YacToTe
MUTAIOLIEHN CeTH.

HaBoaxu o0pa3syroTcst M3-3a Mapa3uTHBIX IEKTPUYECKUX, MArHUTHBIX, TaIbBAHUYECKUX WJIM 3JIEKTPOMAarHUTHBIX
CBsI3eH 1leneil yCumTeNst ¢ HICTOYHUKaMU TIOMEX.

MuxkpohoHHBIH dPPEKT MpeacTaBIseT co0oi pe3ynbTaT MpeoOpa3oBaHMs MEXaHHUYECKHX KOJEOAaHU AIEeMEHTOB
YCHIINTENS B DJICKTPHUUECKHE, IPOXOASAIINE Ha BhIX0 ycmmTens. CriekTp 3TuX KoneOaHui 3aHnMaeT auanas3oH 0,1 —
10000 Tm. OH 3aMeTHO MPOSBIACTCS Y WHTETPANBHBIX yCHIHTENEH ¢ OompmmM Kod(dduimerToM ycuieHus,
BBIIIOJIHEHHBIX Ha OIHON MOAJTIOXKe. UTOOBI YCTPaHHUThH €ro, UCIOJb3YIOT PALMOHAIBHYI0 KOHCTPYKLHIO 3JIEMEHTOB
ycunuTens, 6ojee HalleXKHOE UX KpeIuleHue, 1eMI(pupoBaHne, IPUMEHSIIOT aMOPTH3UPYIOLIHE yCTPOHCTBA.

TemoBbIle IIyMbI 00YCIIOBIEHBI TEIUIOBBIM OECIIOPSAAOYHBIM (CITydaifHBIM) IBHKECHHEM B 00BheMe IMPOBOIHUKA (VITH
HOJIYIIPOBOJTHHKA) CBOOOJHBIX HOCHTEJEH 3apsioB (HarpuMmep, JIeKTPOHOB). B pesynbrare Ha KOHIAX MPOBOJHHKA,
00J1a1ar0IIIEro0 HEKOTOPHIM COMPOTUBIICHUEM, JACHCTBYET ciaydarHas, (iaykryanunonHas DJIC, HaseiBaemas DJIC myma
E,. Tlockonbky OHa nepuoanydeckas (QYHKIHS BPEMEHH, TO €€ CIEKTp SBISETCS CIUIOIIHBIM M IPaKTHYECKU
PaBHOMEpPHBIM B JIHalla30He YacTOT OT HyJIs 10 coTeH Merarepil. lllym ¢ mogoOHBIM CLIEKTPOM Ha3bIBAIOT OEJIBIM.

®oH, HaBOAKM M MUKPOGOHHBIH 3PQEKT B yCHIUTENE MOXHO, B NPHHIMIE, YMEHBIIUTH 10 JIIOOBIX 3a/laHHBIX
3HaueHUH. TeruoBble ke IIyMbI U OIyMbI YCHJIMTEIBHBIX 3JIEMEHTOB ITPUHIMIHAIBHO HEeycTpaHUMbl. OOBIYHO ymaeTcs
JWIIbF MUHUMH3UPOBATh JOJIO IIYMOB, CO3/IaBAEMBIX YCHJIMTENbHbIMU diieMeHTamu [5]. Ilpaktudeckue crocoOs!
TIOJJABJICHNUS IOMEX U CHIDKEHUS IITyMOB B yCHIINTEISIX 34 OyIyT ONMCaHbI Jajee.

IIlymoBBIE CBOWCTBAa BBICOKOKAUECTBEHHBIX YCWIMTENECH OLICHMBAIOT OTHOLIEHHEM curHan-wyM. Ilox »stoit
BEIMYMHON IOHMMAIOT OTHOIICHME BBIXOJHOTO HANpPSKCHUS] CUTHANA IIPM HOMMHAJIBHOM BBIXOZHOW MOIIHOCTH
yeunutenst PyoM K cyMMapHOMY HanpspKEHHIO HIyMOB Ha BeIxoae. OOBIYHO €ro BeIpaXaroT B Aenubenax. B ycunure-
JIX BBICIIETO KJacca OTHOIIeHHe curHai-myM aocturaet 60... 110 nb.

JluHaMHUYecKuil Mara3oH YCWJIUTENs — 3TO OTHOLIEHHE MaKCHMAJIbHOTO M MHUHHUMAaJbHOTO BXOJHOI'O CHTHaja
YCUJIMTENS IIpU 3aJJaHHOM ypoBHE K

I:)y = UBX maxlUBx min-

}1.]'[51 BBICOKOKAYE€CTBCHHOI'O YCUIIUTEIA MAaKCHUMaJIBHOEC 3HAQYCHUC BXOOHOI'O CUrsajia OIrpaHUYUBACTCA
HEJIMHEMHOCTBIO aMIUTUTYJHOW XapaKTEPUCTUKUA U MPUHUMAETCS PaB-BbIM HOMHUHAJIBHOMY BXOJHOMY HANpsKEHHUIO
Usxnows 0OECIICUMBAIONIEMY HOMEHAJIA HYI BBIXOJHYIO MOINHOCTh YCWJIMTENS TPH 3aJaHHOM Ko3(QQuimeHTe
TapMOHUK, T. €.

UBX max= UBX.HOM'

MunumansHOE BXOJHOC HAITPSKCHUC UBx min AOJ2KHO BI)I6I/IpaTI)C$I TaKUM 06pa30M, 4TOOBI COOCTBEHHBIE IIOMEXH U
ITYMBI YCUJINUTEISI HE MAaCKUPOBaIN BBIXOHHOﬁ CHUTHAaJI.

B MPEACITBHOM CIIyda€ OCHOBHBIMHU ITOMEXaMHU B YCHUJIMTEIIE ABJIAIOTCS IITYMBI, IIPU 9TOM

UBX min Kn UZ w.ex; rA4e Kn - UmeinIUZLu.Bx>1 — K03 GHUIUCHT TOMEXO03AIHIIEHHOCTH.
Orcroa JMHAMUYECKUH TUANIA30H YCHIIUTENs

Dy - UBX.HOMI(KHUZ Lu.BX)'

BunHo, 4T0 oTHOMIEHHE cUTHAN-IIYM, paBHOE Upy yon/Uzw 1, ONPEAETSAET TOCTIKAMBIA ATHHAMHYECKUH IHAa30H
yeunurens. JJuHaMudecknii [uama3oH SBIAETCS BaKHBIM TEXHWYECKHM ITOKa3aTelleM YCHIINTENS W OOBIYHO 3a/aeTcs
I'OCT. Ana ayqmmx BBICOKOKadecTBeHHBIX ycwiurened Dy>110 nb. VMCTOYHMKH 3BYKOBBIX CHTHAJIIOB HMEIOT
COOCTBEHHBIN JMHAMHYECKAN JHMAMa30H, PAaBHBIM OTHONICHHIO MAaKCUMAIbHOTO E, .x 1 MHUHUMaIbHOTO E, i DJC
ucrounuka curHana; Dc=Ey ,ax/Ey min ¥ B orapudmuyeckux equnniax D, [ab] = 201gD..

JuHamuveckuii auamna3oH 3BydYaHUsi CUM(OHHMYECKOro OpKecTpa MoxeT mnpebiiath 80 b, XyH0)KECTBEHHOTO
yrenuss — 30 nb.

JUist ycuileHUsl CHUTHAIa C JOITyCTUMBIMU HEIWHEHHBIMA HUCKAKCHUSMH U ITOMEXO3alUIIEHHOCTRI0 HEO00X0IUMO,
4106kl Dy>D...

JUis yBENIMYEHUST TMHAMUYECKOTO JMANa30HA YCUIIUTENS HEOOXOIMMO YMEHBIIATh YPOBEHb COOCTBEHHBIX TIOMEX,



HCIIOTB30BATh YCUIUTENBHBIE 3JIEMEHTHI ¢ 0oJiee TIMHEHHOW XapaKTePUCTHKON (IPUMEHHUTH BHICOKOBOJIBTHBIE MOIIIHBIC
BBIXOJIHBIE TPAH3UCTOPHI) ¥ MPHUMEHATH PYYHYIO MIIH aBTOMATHYIECKYIO PEr'yJIMPOBKY YCHICHHS.

B mpuBeneHHBIX B KHUTE MOKA3aTeIsaX VIS TUHAMUYCCKOTO JHana3oHa Kod(GGUIMEHT moMexo3aruiieHHoctd K
OPUHAT PaBHBIM eAuHUIC. [l03TOMY B TEXHHYECKHX XapPaKTCPHUCTUKAX ONUCAHHBIX (PYHKIMOHAIBHBIX Y3JIOB
MIPUBOJIATCS TOJIBKO 3HAYECHHUS OTHOIICHHS CUTHAJI-IITYM.

CEJIEKTOPBI BXOJIHbIX CUT'HAJIOB

Ha BX01 coBpeMEHHOTo 3BYKOBOCIIPOM3BOZSIIETO KOMIUIEKCA IMOJAIOT CHTHAJBI OT CaMbIX Pa3HBIX HCTOYHHKOB
3BYKOBBIX IIPOrpaMM, TaKHX Kak 3JEKTpoOH, MarHUTO(OH, TIOHEp, paJUONPUEMHHK, PaJHOTPAHCISLMOHHAS CETb,
TENEBU30pP, MUKPO(GOH u Ap. Kaxplit U3 NCTOYHMKOB MOAKIIIOYAIOT K YCHJINTETIO C IOMOIIBIO OTAEIBHOTO pa3beMa.
Kak mpaBuito, Ui 3TOr0 UCIONB3YIOT YHUGHUIMPOBAaHHBIE mTenicenbHble coenuautenn OHL[-BI'-4-5/16-P (mpexHee
nasBanue CI'-5) u OHLI-BI'-4-5/16-B (mpexnee nasBanue CIII-5). Pa3Boaka ueneit B HUX yHH(UIMPOBaHA U
ocymecTBisieTcs B cooTBeTcTBHH ¢ I'OCT 12368 — 68, yuInTHIBAIOIINM MEKAYHAPOTHBIE HOPMBI.

Ha Bxonx mpenBapuTENbHOrO YCHINTENSI 3BYKOBOM CHIHAl C BXOAHBIX pa3be-KOB MOCTYMAET 4YEpe3 CEIEKTOp
BXOJIHOTO CUTHajla, Ha3Hau€HHWE KOTOPOro — W30MpaTesbHOE MOJAKIIOUEHHE Ha BXOA ycuiurens 34 BbIOpaHHOTO
cllyliarelieM MCTOYHHKA 3BYKOBOW MporpaMmbl. HacTo ¢ MOMOIIBIO CEeJeKTOpa KOMMYTHPYIOT HCTOYHHMKH 3BYKOBBIX
CHTHAJIOB, YTOOBI 00ECIIeUnTh 3amKich Ha MarHUTO(OH, HaJ0XXKEHHE CHTHAJIOB C MUKPO(OHA Ha OTIEbHbIE 3BYKOBbIC
MIPOTPaMMBbI U T. II.

B cenexropax BXOJHOTO CHTHaJla MCHOJIB3YIOTCS MEXaHHUECKHE WJIM 3JIEKTPOHHBIE KOMMYTaTopbl. MexaHnueckue
KOMMYTATOpPbI NPOIIEe MO KOHCTPYKIMH, HE MMEIOT HEMMHEHHbIX neneid. OJHAaKO WX T'POMO3IKOCTb, PacIOIOKEHHE
OPTaHOB YNPAaBJICHHUS U KOMMYTALlMH BJIAH OT MEPEKII0YaeMbIX MAJIOCUTHAIIBHBIX IeTeil, Jpede3r KOHTAaKTOB CO3Jai0T
OoutpIye TPOOIEMBI B TTOJyYEHHH XOPOIIEH IMOMEX03aIUIIEHHOCTH 1 MUHIMYMa HaBOJOK. K ToMy ke OHM SIBISIOTCS
HCTOYHHKOM TPECKOB M IIETYKOB. /ISl SIEKTPOHHBIX KOMMYTaTOPOB CBOMCTBEHHO Pa3elICHNE OPraHOB YIPAaBJICHUS U
KOMMYTAIlU1 U Pa3HECEHHE UX B IIPOCTPAHCTBE, YTO MPENOCTABISIET KOHCTPYKTOPY OOJBIIYI0 CBOOOLY B KOMIIOHOBKE
MIPOEKTUPYEMOr0 allapara, MO3BOIAET HPUONM3UTH 3JIEMEHThl KOMMYTALMH HEMNOCPEACTBEHHO K IEPEKII0YacMbIM
MaJIOCUTHAIIBHBIM LIETISIM U BXOJaM NPEJBAPUTENbHBIX UyBCTBUTEIBHBIX KAaCKaJOB YCHIINTENS, YIPOILNAET HACTPOHKY
KOMMYTHPYEMBIX LICHIEH.

HcrnonHuTenbHbIe yCTpOI‘/IICTBa QJICKTPOHHBIX KOMMYTATOPOB MOTYT 6])IT]: BBITMTOJIHEHBI KaK Ha 3JICKTPOMATrHUTHBIX
peiie, TaKk 1 Ha YUCTO BJICKTPOHHBIX Yy3JIaX, IOCTPOCHHLIX Ha aHAJIOT'OBLIX MEPECKIIOYATEIIAX (Haan/IMep, Ha MHUKPOCXEME
K564KT3) i MysbTHIUIEKCEpax aHaJOroBbIX cUrHaiioB (Hanpumep, Ha KS64KII, K564KII2 u T.11.) MK Ha MOJIEBBIX
TpaH3UCTOpax. B ciyyae mprMeHEeHus 3JIeKTPOMAarHUTHBIX pejie KOHCTPYKIUS IOJTydaeTcss TPOMO3JKON U JOpOTroH, a
KOTZ[a MCHOJB3YIOTCSI HJIEKTPOHHBIE Y3JbI, BO3HHKAIOT MPOOJIEMBI, CBS3aHHBIE C IPOXOXKICHHEM CINAa0bIX CHTHAJIOB
Yyepe3 HeIMHEHHbIE HIEMEHTBHI.

Lenu ympaBieHUs aHAJIOTOBBIM IIEPEKIIIOYATENIEM CTPOATCS JIHO0 Ha 06a3e MEXaHMUYECKOTO MEPeKIIIodaTeNs, I100 Ha
6a3e nu(hpPOBBIX MUKPOCXEM.

IIpn KOHCTPYHMpPOBAHMM CENEKTOPOB BXOAHBIX CHUTHAJIOB CTPEMSTCS YMEHBIINTh IEPEXOAHBIE IIOMEXH, T. €.
IIPOCAaYMBaHKNE CUTHAJIA U3 OJHOTO KaHaya B APYroi. /il BBICOKOKa4eCTBEHHOTO 3BYKOBOCIPOM3BEICHUS JOCTATOYHO
NOJYYUTh 3aTyXaHHe MepexoaHbIX nmoMmex npuMepHo 50 nb Ha yactore 1 kl'n. 3aTyxaHue M3MepsAIOT KaK OTHOLICHHE
BBIXO/IHOTO HANPSDKEHHS CEJIEKTOpa K HAIPSHKEHUIO IPYToro, HEMOKIIOYEHHOTO KaHana.

O6LHI/IM IoKasarejieM KadcCTBa CCJICKTOPOB BXOJHBIX CHI'HAJIOB TAaKXKE SABJIACTCA YHUCIO KOMMYTUPYEMBIX
HCTOYHHMKOB CUTHaNIOB. KpoMe TOro, Ka1oMy THITy CelleKTopa (MEXaHHYECKOMY HJIM AJIEKTPOHHOMY) HPHUCYIIU CBOU
TEXHUYECKNE XapaKTepucTuku. OHU NPUBOASATCS IIPU ONMCAHUU KOHKPETHOW CXEMBI.

CesleKTOpP BXOJHBIX CHTHAJIOB HA MepeK/JovYaTesie TajdeTHOro Tuma. PaccMaTpuBaeMblil CEJIEKTOp MO3BOJISIET
MOJKJIIOYATh A0 IIECTH WCTOYHHWKOB 3BYKOBBIX MpOTrpaMM (M3 HHX /Ba MPOWIPHIBATENS M JIBA MarHUTO(OHA), BECTH
mepe3anuch ¢ MarHuTooHa Ha MarHUTO(OH WM 3alMCHIBaTh JIFOOYI0 W3 TMpOorpaMM Ha JBa MarHutodoHa c
OJJHOBPEMEHHBIM €€ ITPOCITYIINBAHUEM.

[IprHIMIHaIBHAS CXeMa OJHOTO KaHaja CEJEeKTOpa BXOAHBIX CUIHAJIOB MpHBEJcHA Ha puc. 9. CUrHaNI ¢ OAHOTO U3
pa3peMoB XS/ — XS4 moctymaeT Ha epeKiIoYaTeNlb HCTOYHUKOB TporpaMm SA 7. V3en Al xoppektupyer AUX, ecnu
YCHJIINTEbh COSAMHSETCS C ANEKTPOMAarHUTHOM TONOBKOM 3ByKocHuMMartens. K pazpemam XS5, XS6 moaximodaroT aBa
MarHuTo()OHa KaK Ha 3aIliCh, TaK M Ha BOCHPOU3BeieHHE. [Ipy HaNM4nU Yy HUX CKBO3HOTO TpakTa repexmodarens SA2
MO3BOJISIET TMPOCIYLIMBaTh 4Yepe3 YCHJIMTENb 3alllChIBAEMYIO IIPOrpaMMy WM YKE€ CJENaHHYI 3anuch (Tak Ha-
3bIBAEMBIN PEXUM «MOHHUTOPUHI®). IlepexmouareneM SA3 KOMMYTHPYIOT MarHUTO(OHBEI B pexume «3anuch». OHn
00 coemuHAIOTCS ¢ pasbeMaMu XS/ — XS4 (u Benmercst 3amuch 000 W3 mporpaMm), MO0 Mexxy coboit (mpu
niepesanucu). [lepekirouarenem SA4 ycTaHaBIMBAIOT pexUM padoThl yeuuress «Crepeo» i «MoHo». Pesuctop RS
YMEHbIIAET B3aMMHOE BIHMSHIE KaHAJOB IIPH UX MapayieIbHOM BKIIOUEHUH B pexxnme «MoHO».

B kadecTBe BXOIHBIX Pa3beMOB MOXKHO HCIIOJB30BATh IATHKOHTAKTHBIE INTercenbHble coenuuautenn OHL[-BI-4-
5/16-P wim OHII-KT-4-5/16-P, npenHazHaveHHBIE AJIS MEYaTHOTO MOHTaxa. [ mepexiroyareneid BXOIOB M pona
paboT MPAaKTUUECKH MOKHO HCIIOIb30BaTh JI00BIE NMEIOIINECS TaJIeTHBIE EPEKIII0YATENH, HAIPUMEp, THIIA IIT3.

CenexTop BXOJHBIX CHTHAJIOB: Ha KHOMOYHBIX mepekmodarensx tuma [12K. B cemexTopax BXOIHBIX CHI'HAIOB
IIMPOKO UCTIONB3yIoTcs nepexmoyarens [12K. B kagecTBe mpumepa Ha puc. 10 mpuBeaeHa cxema OZHOTO U3 HUX. DTOT
CCJICKTOP IMO3BOJIACT MOAKIIOYUTL YCTHIPE MCTOYHHKA 3BYKOBBLIX MPOrpaMM MU BECTU 3allMChb J'II060171 porpaMmMbl Ha



MarHuTOQOH C OJHOBPEMEHHBIM NPOCIYIIMBAHHEM JHMOO C€aMOro MCTOYHHMKA CHTHama, JH00 (DOHOIPaMMBI C
MarHuTodoHa. [IpenycuianTens-KoppeKTop I MAarHUTHOTO 3BYKOCHUMATENs Al BKIIIOUSH MEXIY BXOAHBIM Pa3beMOM
XS1 n nepexmouarenem SB1. 1. Uepe3 koHTakThI niepekintouatenei SB1.2 u SB1.3 BXOaHbIE CUTHAIIBI COOTBETCTBEHHO C
pa3beMoB XS2 u XS3 mocrynaroT Ha BX0J ocHOBHOro ycwimrensi. K pazbemy XS4 moAkio4aroT MarHuTOGOH Kak B
peXuMe 3amucH, Tak K BocrpousBeneHus. [lepexmouarteneM SB2 NopaloT Ha YCHIHTENb JIOOYI0 M3 3BYKOBBIX
IIporpamm, BBIOpaHHYIO NepekitroyaresneM SB/ M MOCTyHaroulylo OJHOBPEMEHHO /sl 3allMCH B MarHUTO(OH, WIH C
MarHutodoHa B pexxume BocnpowusBeneHus. Ilepexmouatenem SB3 ycTaHaBIMBAIOT CTEPEO- MIM MOHO(DOHWYECKHH
PEXUM pabOTHI yCUIIUTEIIS.
Pesucrop R3 caykuT a7 pa3Bs3KH KaHAIOB TP UX MapaJuIeIbHON paboTte B pesxkume «MoHOY.
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Puc. 9. MpuHuMnuanbHasa cxema cerieKTopa BXOAHbIX CUrHasioB Ha nepekntYarternie raneTtHoro
TNa
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Puc. 10. MpuHuMNManbHas cxema cenekTopa BXOAHbIX CUTHaNoOB Ha KHOMOYHbIX NepeKknYarensx
Tvna MN2K



B kauectBe mepexitodarens SB/ ucnonp3yercs Onok u3 Tpex mnepexirouateneil [12K c 3aBucumoii ¢ukcarmei.
ITepexmogarenu SB2 u SB3 — oauHOYHBIC C HE3aBUCUMOM (PUKCAITHEH.
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Puc. 11. MpuHuunuanbHaa cxema cenekropa ¢ yrnpasrneHuemMm Ha ungpoBbIX MUKpOCXemMax

IIpocroii cenexTop ¢ ynpapieHHeM Ha LUGPOBIX MukpocxeMax. Ha puc. 11 moka3aHa cxema IpOCTOro CEIeKTOpa,
B KOTOPOH B KauecTBE aHAJIOIOBOIO IMEPEKIIOYATeNs HCIOJIB3YIOTCS, Kak Hauboiee NOCTYIHBIC, 31€KTPOMArHUTHBIE
pene K1 — K4. ¥Y3en ynpaBiieHus: MU BBITIOJIHEH Ha MUKpocxeMax DD1 — DD7 (iudpoBoi nepekioyares ).

CoOctBeHHO 1HM]pOBOH mepekioyaress ynpasisercss kHonkamu SB! — SB4 (wmanpumep, KM-1). Ecmm
nepexnoyarens SB5 HaXxomUTCs B JIEBOM IO CXEME MOJIOKEHHWH, TO OH BBINONHSET (YHKIMH HEpeKIodaTess C
3aBUCHMOM (prKcanuei, eciiv B MPOTHBOIOJIOXHOM — TO C He3aBUCHMOH (ukcanueil. B mepBom citydae numimyisc 00-
miero cOpoca, MOCTymarmui Ha Bxoa R Tpurrepos Ha Mukpocxemax DD35, DD6, dopmupyetcst ogHoBUOparopom DD7
TP HAXXATUH JIFOOOU 13 KHOMOK SB/ — SB4. JIMUTEIpHOCTH 3TOr0 UMITYJIbCA 3HAYUTEFHO MEHBIIIE BPEMEHHN HAXKATUS
Ha KHOTIKY. DTUM JOCTHTAETCs TO, YTO BHaUajie Bce Tpurrepsl (DDS5, DD6) ycTaHaBIMBAIOTCA B HYJIEBOE COCTOSIHHUE, a
3aTeM OAMH W3 HUX, COOTBETCTBYIOUIMN HA)KaTOM KHOIIKE, MEPEBOJUTCS B €IUHHYHOE. BO BTOpOM ciryuae MMITYJIbC
cOpoca OI0KupyeTCs, ¥ KaXIblil TPUITEP MEPEKITIOYaeTCs IPH KaXI0M Ha)KaTHU CBSI3aHHOHN ¢ HUM KHOIIKH.
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Puc. 12. MpuHuunuanbHaa cxema LUQPOBOro cenekropa BXOAHbIX CUrHANOB Ha MHTerpanbHbIX
aHanoroBbIX KOMMyTaTopax

s yerpanenus npebGesra KOHTakToB SB/ — SB4 ucnonb3yeTcs Lenb, COCTosmIas U3 pe3uctopa R6, KoHAeHcaTopa
C1 n mukpocxemsl DD7. Ceroguoasl Hbl — HL4 MHIUIMPYIOT, KaKOM W3 UYeThIpEX KaHAJIOB BKIOYEH. Yucrio
KaHaJOB TP JKEJIaHHMH MOXKET ObITh yBEIWYEHO. B KadyecTBe HCIIOJHUTEIBHOTO YCTPOWCTBA HCIOJIB3YIOTCS pelie
POC55A (macnopr PC4.569.600-02), moaxmroueHHblE K MNPSMBIM BBIXOJAM TPUITEPOB Yepe3 HHBEPTUPYIOLIUH
yCHInTeNb Ha MUKpocxemax DDS, DDY. Ecnu ero BHIITOIHATH HA IUCKPETHBIX JIEMEHTax (HalmpuMep, Ha TPaH3HCTOpe
KT315), To moxHO OyzmeT MCronb30BaTh pene Ipyrux tunos, Hampumep POC10, POC15, POC22. Bmecro aByx
MukpocxeM K155TM2 moxHo ucnons3zoBats oany K155TMS, congepakartytro uetsipe D-tpurrepa.



Jlnst HopManmbHOUM paboThl CeleKTopa B IENb MUTAHWUS MUKPOCXEM BKIIOUYeHBI KoHAeHcaTopel C4 — C7 (KM-5,
K.M-6) emkoctsio 0,022 ... 0,047 Mk (110 0OTHOMY Ha KaXKIIbIe JIBE€ U3 HUX).
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Puc. 13. lMpuHuunuanbHas cxemMa UUGPOBOro cenekropa BXOAHbLIX CUrHaNoOB Ha Mynb-
Tunnekcepax KMOI cTpyKkTypbl

Indposoii ceneKTOp BXOAHBIX CHTHAJIOB HA HHTEIPATBHBIX AaHAJOIOBLIX KoMMyTaTopax. Ha 6a3ze nudpoBbix
MukpocxeM MOII-cTpyKTypsl OKa3anoch BO3MOXKHBIM H3TOTOBUTh HE TOJNBKO Y3€J YNPABICHUSI CEIEKTOPOM, HO U
HepeKIroYaTeNlb aHAJIOTOBBIX CUTHANOB, HanpuMmep Ha mukpocxeme K176KT1. Ha puc. 12 npuBeneHa cxema 0JHOTO
KaHaJla CeJIeKTOpa BXOJHBIX CUTHAJIOB HA aHAJOTOBBIX KoMMyTaTopax. OH UMeeT ClIeAyIoINe OCHOBHBIE TEXHUYECKUE
XapaKTePUCTUKHU:

Yucio moaoKeHU . ............ 4

MaxkcumanbHast aMIUTUTYJa KOMMYTHPYEMOTO curTHaia . . 4,5 B
ITonoca gacroT. . .......... 20...30000 I'g

Koadpdumment rapmonnk B mosnoce gactoT 20 I'm... 20 x['11 0,2%
Hamnpsixenune nutanus........... -9B

Muxkpocxema K176KT1 comepkuT deThipe aHAIOTOBBIX Kitoda DD2.] — DD2.4, KaXIblid U3 KOTOPBIX COAECPKHUT
aHaioroBblii Bxox A, Bbixod M BXoa C 1udpoBoro ympapieHHs. AHAIOrOBBIM CHTHAJI MOXHO I10/1aBaTh B JIIOOYIO
CTOpPOHY, T. €. KaK € BX0O/la Ha BbIXO/l, TaK U C BbIXOJAa HA BXO.

Kirou mmMeer nBa pabovMxX IMOJIOXKEHHs, 3aBUCALIMX OT YPOBHs ympasisouiero HampsbkeHus Ha Bxoge C. Ilpum
moiaue Ha Bxoa C HanpshKeHHs HU3KOTO ypoBHS (Jior. 0) oH pa3oMKHYT. [Ipu 3TOM CONMpPOTHUBICHUE MEKIY BXOIHBIM H



BBIXOJIHBIM BBIBOJAaMH OOBIYHO Ooiee 10 MOM, a TOK yTeUYKHM MeXIy HHMH He mpeBbimaer 2 MKA. Emkocts
Pa30MKHYTHIX KOHTakTOB cocTaBisieT nmpuMepHo 0,2 nd. Korma Ha Bxon C moCTymaeT HampshKEHHE BBHICOKOTO YPOBHS
:(mor. 1), xiIOY MEepPexXoJUT BO BKJIIOUEHHOE COCTOsSHHE. IIpu 3TOM CONpOTHBIEHHE 3aMKHYTOTO KJII0OYa COCTABISAET
npumepHo 300 OM. DTo 3HaYEHHE HEMUHEWHO U3MEHSAETCS B 3aBUCHUMOCTH OT aMIUIUTYAbI BXOJHOTO HanpsbkeHus. [lpu
HalpsHKEHUU CHUT'HaJIa, 6J'II/I3KOM K HYJIO, OHa MHHUMAJIbHA, a NPHU HAOPsSKEHUU CHUI'HAJIA, 6J'II/I3KOM K ITIOJIOBHHE
HalpsDKEHUS TUTaHKUs, — MakcUMalibHa. HeslmHelHble HCKaXeHHs TI0JTyJaroTCsl MUHUMAaJIbHBIMH, KOTJla AUAIa30H U3~
MEHEHHMI CONPOTHBIIEHHH KIII0Ya 3HAYMTENHFHO MEHBIIE CONPOTHUBIECHHS HAarpy3Kd, KOTOPOE JIOJKHO OBITH HE MEHee
100 kOm. ITpu ucnonb3oBannu Mukpocxemsl K176KT1 HeoOxonmumo, 4TOOB! yPOBEHb BXOIHOTO CUTHAJIA HE TIPEBBIIIAI
HaAIPsDKCHNS UCTOYHUKA IIUTAHMS, HHaYe PE3KO BO3PACTYT HENIMHEHHBIC NCKAKCHUS.

B manHOM ciyyae mpu MUTaHUM OT OJHOIOJAPHOTO MCTOYHHMKA HampspkeHneM 9 B HykHOe cMmemeHne Ha BXOJax
co3zaeTcs ¢ moMoIneio crabunmutpora VDI, CoctosHEe aHAIOTOBOTO Hepekimrouatens DD2 onpenensercs nsyms RS
tpurrepamu DD3, KOTOpbIE YIPABISIOTCS C MOMOIIBIO KHOMOYHBIX Mepekirouareneii SB/ — SB4 uepe3 mmdpartop Ha
anemenTax DDI.1 — DDI.4. CocrostHuE TpUTTEpOB AemudpupyeTcss MEKpocxeMoit DD4. B 3aBUCHMOCTH OT Ha)aTou
KHONIKA Ha OJHOM M3 BbIX0JI0B DD4 MOSBISETCS] HANpsDKEHHE BBICOKOTO YpPOBHS, KOTOpoe mogaercs Ha Bxoa C
COOTBETCTBYIOIIEr0 KII04a, U OH OTKpbIBaeTcs. [Ipu mopaye HampspkeHusl nutaHus kKonzaeHcatop C/ 3akopauuBaeT
KHOIIKY SB4, u cenexkrop KoMMyTupyeT Bxoa 4. [loaAKI09eHHBIN BX0 MHIULIHUPYETCS OAHUM U3 YEThIPEX CBETOAMOI0B
HLI — HLA.

[Tpu moHTaxe MukpocxeM cepuu KJ[76 cienyer oOpaTuts BHUMaHue, YTO0BI CBOOOIHBIE HH(POPMAIIMOHHBIE BXOIbI
ObUTH COEAMHEHB! WM C 33/IeHiCTBOBAHHBIMU BXOJAMH TOTO K€ DJIEMEHTa WM C OJHOW M3 IIMH NMUTAHMS COTJIACHO
noruke paboTel MUKpOocXeMbl. Kpome Toro, HEoOXOAMMO COOIIONATh MEpHI MPEIOCTOPOKHOCTH UL HCKITFOUCHUS
CIydaifHOro Tpo00si MHKpPOCXEMBI CTATHYECKHM OJCKTPHUUECTBOM. HampsbkeHWe TUTaHWS B yCTPOMCTBE C
HCIIOTH30BaHNEM MUKpocxeM cepur K176 MOMmKHO COOTBETCTBOBATh HANPSHKEHUIO BXOJIHOTO CUTHAIA.

Hudposoii ceeKTOp BXOAHBIX CUTHAJI0B Ha MmyJabTHIIekcepax KMOII crpykrypbl. B cocrae KMOII
MHUKpPOCXeM psifia cepuid, Hanpumep, K564, ectb MynbTH-IUIEKCep aHAIOTOBbIX W LU(poBbix curHanoB (KS564KII1).
[IpuMeHeHne ero B KadecTBE NEPEKIIoYaTels] aHaJOTOBBIX CHTHAIOB IO3BOJSET 3aMETHO YIIYUIIHTH IapaMeTpHI
CEJIEKTOpa BXOJHBIX CUTHajoB. Cxema OJHOTO KaHajua celieKTopa mpuBejaeHa Ha puc. 13. OH umeeT ciemyroiue
OCHOBHbBIE TEXHUYECKUE XapaKTEPUCTHUKH:

YuCo NoyIoKeHHH. .......... 4

MakcumarnbHasi aMIUIUTy1a KOMMYTHPYeMOro curuaia . . 7,5 B
ITonoca vacTor............ 20...40 000 I'g

Koaddunment rapmonuk B nosoce yactot 20 I'm... 20 k' 0,1%
Hanpsoxenue nuranus........... I5B

Kak BuzmHO 13 puc. 13, y3en nnupoBoro ynpasiaeHUs aHAJIOTHYEH TPUMEHEHHOMY B MPEIBIAYIIEM CEIeKTOpe (OM.
puc. 12). JIBoMUHBINA KO CHTHaNA, YHPABISIOMET0 MyIbTUILIEKcepoM DD, cauMaeTcs ¢ BBIXonoB RS Tpurrepos Ha
anemenTax DD3.] — DD3.4. B 3aBucuMocTH OT Koaa Ha Bxomax Al, A2 mukpocxemsl DDI k ee BeIxoay (BBIBOX 3)
MIOJKJIIOYAETCA OJUH U3 BXOA0B. UTOOB! 00€CIEUNTh HYKHBIH PEXHUM PaObOThI MyJIbTUIUIEKCEPA 110 IIOCTOSIHHOMY TOKY,
Ha BXonbl ) — 3 uepe3 pe3uctopbl RS — RS mopaHo HampspkeHHe co crabwimzartopa Ha crabunutpone VDI, [lns
Pa3BA3KH 110 TOCTOSIHHOMY TOKY Ha BXO/aX CeJIeKTOopa BKIIOUeHb! KoHaeHcaTopsl C1 — C4.

Muxpocxemsl cepur K564 uMeroT 3amuTy OT CTaTHYECKHX 3apsoB. s TOMOJHUTEIHHOM 3allUTHl Ha BXOAAX
YCTaHOBIICHBI Pe3UCTOpBl R/ — R4. JIyist JTydIIero coriacoBaHHUs CUTHAJI C BBIXOA MYJIbTUILIEKCEPA HA MOCIIEAYOIIHE
KacKa/ibl OCTYIAeT Yepe3 pa3Bs3bIBAIONINK Kacka]] Ha onepanunoHHoM ycuutene DA . Ero ycunenue B peaenax 5 —
10 pa3 MOXHO peryJupoBaTh NOACTPOCUHBIM PE3UCTOPOM R/ 1.

INPEAYCUJINTEJUN-KOPPEKTOPDBI
A MATHUTHOI'O 3BYKOCHUMATEJIA

I'paMMooHHBIC TUTACTHHKY B HACTOSIIEE BPEMs SIBIISTIOTCS OAHUM M3 OCHOBHBIX HOCHTENCH BBICOKOKaueCTBEHHON
3ByKOBOW wHH(popMarmu. Mx KadecTBO 3By4aHHs B OOJBIIOW CTEMEHW 3aBHUCHT OT TEXHWYECKHX ITOKa3aTeJel
MIPEABAPUTENBHOTO TPakTa Bocmpom3BeneHHus. OIHNM W3 OCHOBHBIX KAaYECTBEHHBIX IIOKa3aTeled TpakTa SIBIAETCS
AYX. B anekrpodonax Beiciiero kiacca AUX momkHa ObITh paBHOMEpHOW B amamasone wactor 20... 20 000 I'm.
AMIIUTYJHO-4aCTOTHAsE XapaKTEPUCTUKA TPAKTa BOCIPOU3BENCHMS ONPENEISETCS YaCTOTHBIMU XapaKTepUCTUKaMU
TOJIOBKH 3BYKOCHHMATEJIs, YaCTOTHOM XapaKTEPUCTHKOM KaHaja 3alliCH U TIPely CHITUTENs-KOPPEKTOPa.

AMIIUTYTHO-4aCTOTHAsT ~ XapaKTepUCTHKAa TOJIOBKM 3BYKOCHMMATENs NPEACTaBIseT co0Ol  3aBHCUMOCTh
HalpsHKEHU, pPa3BUBAEMOI'0 3BYKOCHHUMATEJIIEM Ha HOMHUHAJIbLHOMI Harpyske, OT 4YaCTOThl IPU BOCHPOU3BCIACHUU
TrapMOHMYECKHX CHTHAJIOB C HEM3MEHHOH aMIIMTYIOH KosiebaTenpHOH cKopocTH. YacToTHAs XapakTepHCTHKA KaHaia
3aIicl — 3TO 3aBUCHMOCTh KoJie0aTeNnbHON CKOPOCTH pe3lia peKopliepa OT YacTOThl CUTHajla IIpH ycioBuH, 4o DJ]C
BXOJHOTO HCTOYHHMKA OJMHAKOBAa BO BCEM JHara3oHe paboyMx 4YacToT. AMIUIMTYIHO-4acTOTHAsl XapaKTEepHUCTHKA
TIPEAYCHINTENSI-KOP-PEKTOpa 3aBUCUT OT THIA TOJIOBKHM 3BYKOCHUMATENS (TTbE30UICKTPUUECKAs WIM MarHUTHas) W
BEIOMpaeTcs TakuM 00pa3oM, 4ToOBI ¢ yueToM cobcTtBeHHON AUX obecneunts koppekunio AUX kanana 3ammcu. Ha
puc. 14 mrpuxoBoil nMHWEH Toka3aHa craHmaptHas AUX kanama 3ammcu B coorBerctBum ¢ ['OCT 7893 — 72.
OcnabrneHne HU3KUX 4Yac-TOT M TMOABEM BBICOKMX B CTaHAAPTHOH XapaKTEpHUCTHKE KaHala MEXaHHYECKOH 3amucu
MI03BOJIIET COXPAaHWUTh OJMHAKOBYIO IIMPHHY 3alHChIBAEMON KaHABKM BO BCEM paboueM [HAra3oHE dYacToT, 4TO



yaIydma€T OTHOIIECHNUE CUTHAJI-IITYM Ha BBICOKHUX 4aCTOTaxX U CHHMKACT HEJIMHEHWHbIC NCKAKEHNS Ha HU3KHUX.
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Puc. 14. CraHpapTHasi 4acCTOTHasl XapaKTepuCTMKa KaHana MeXaHU4ecKou 3anucu u npeg-
ycunuTens-koppekTopa

Kak mpaBmiio, B BBICOKOKaYeCTBEHHON ammaparype MPUMEHSIOTCS 3BYKOCHHUMATEINW C MAarHUTHBIMH TOJIOBKaMH.
Boszaukarommas B Hux D/IC mponopuuroHaibHa KOJEOAaTEIFHOW CKOPOCTH BOCTpom3Bozsmei uriel. CiieoBaTeNbHO,
OHa BOCIIPOM3BOJIUT XapaKTEPUCTUKY KaHaa 3amuch. [109ToMy BBRIXOJHOE HANPsHKEHNE 3ByKOCHUMATEINS JOJDKHO OBITh
CKOPPEKTHPOBAaHO. DTO [ENaloT B TPEABAPUTENBHOM ycwiHuTene-koppekrope. Ha puc. 14 cronomHol nuHMEH
n3o0pakeHa craanaptHasi AUX npemy-CUIuTeIsI-KOpPeKTopa A1l MAarHUTHOW TOJIOBKY 3BYKOCHUMATEIIA.

Bonbinoe BiusHHME Ha KAadecTBO BOCIPOW3BEICHHS MEXAaHWYECKOH 3allMCH OKAa3bIBAIOT, HAPSAAY C MapaMeTpaMu
MarHMTHOH TOJIOBKH, XapaKTePUCTHKH MpenycHiuTe-s-koppekropa [6]. Koppekrop, npenHasHaueHHbIN 11t paboThI B
COCTaBE€ BHICOKOKAUECTBEHHOM aIllaparypbl, J0JDKEH UMETh XOPOIINE TEXHUYECKHE XapaKTePUCTHKU: HU3KUH YPOBEHb
COOCTBEHHBIX IYMOB, HE3HAYMTENbHBIH KOAP(PUIMEHT TapMOHUWK, OOJBIIOW AMHAMWUYECKHH nuana3zoH, AUX,
obparayro AUX kanana 3amucu mo ['OCT 7893 — 72, BXOAZHOE M BBIXOAHOE COIPOTHBICHHS, OOCCICUYUBAIOIINE
COTJIaCOBaHHE COOTBETCTBEHHO C MAarHUTHOMW I'OJIOBKOW M OCHOBHBIM ycHiHTeNneM 34.

Jnst GonbIIMHCTBA BBITYCKAeMBIX B HACTOSIIEE BpEMs OTECYECTBEHHOW M 3apyO€XHOW IPOMBIIUIEHHOCTHIO
MarHUTHBIX TOJOBOK 3ByKOCHUMATENeH YHU(DHUIIMPOBAH CPEAHUI YPOBEHb BRIXOAHOTO cuTHaNa Ha yactoTe 1000 ' mpu
ammuTyAe koiebatenpHOH ckopoctu 10 cm/c. OH paBer 2,5 MB. OntumanbHOE COTPOTHBIICHIE HATPY3KH COCTABIISACT
47 xOwm. IIpu TakoM CONPOTHUBICHUN AJIs OONBIIMHCTBA TOJIOBOK TAPAHTUPYETCS OTCYTCTBUE 3aMETHBIX SJICKTPHUIECKUX
pe30HaHCOB B paboyeM Anana3oHe 9acTOT M MaKCHUMAaJIbHOE OTHOIICHNE CUTHAN-IIyM. VICKa)keHUs M IIyMbl, BHOCHMBIE
TOJIOBKOH 3ByKOCHHMATENS B OOIIMI TPAaKT 3BYKOBOCIPOHM3BEICHUS, HEBEINKHU, TIOATOMY CTETIEHb HCKAKEHUH U IITyMOB
B TPaKTE B OCHOBHOM OIIPENIENIETCS XapaKTEPUCTHKAMH KOPPEKTOPa.

HpeﬂycnﬂMTenH—KoppeKTopm MAarHiMTHBIX T'OJIOBOK 3BYKOCHUMATECIIA XapaKTCPU3YIOTCA CICAYIONIMMU «CHOBHBIMH
napaMeTpamu:

MakcumanbHoe 6xo0Hoe Hanpsicenue [MB] — HanOoubiiee nelcTBYIOIIEe 3HAYEHHE CHHYCOUAAIBHOTO BXOJHOTO
HanpspkeHus Ha yactore 1 k[ 1, mpu KoTopoM KO3 (UIIMEHT rapMOHUK BBIXOJIHOTO HaNpspKeHUs He npesbimaet 0,5%;

MakcumanbHoe bixo0Hoe Hanpsidicenue [B] — HanbOoibliee 3HaU€HWE BBHIXOJHOTO HampspkeHust Ha yactore 1 k[
ipu Koddduiente rapMonuk He donee 0,5%;

nepezpy3ounas cnocobrocms [nb] — OTHOIIEHHE MaKCHMAJIFHOTO BXOJHOTO HAMPsDKEHUS K HOMHHAIBHOMY
BXOJTHOMY, paBHOMY 2,5 MB;

KOd(hpuyuenm ycunenusi — omuouieHue BHIXOIHOTO HOMHHAJIBHOTO HAINPSHKEHUS K HOMHHAJIBHOMY BXOJHOMY,
paBHOMY 2,5 MB, Ha gactore 1 x['m;

omxnonenue AYX om cmanoapmmuoti [n1b] — MakcumaibHOe OTKIOHeHHEe AUX peanbHOro KOppeKTopa OT
cranaaptHoi AUYX mnpemycunurens-koppektopa, ompenemsiemorn 'OCT 7893 — 72 (RIAA). Hepeaxo st
YMEHbBUICHHUA TMMOMEX OT Bn6pau1/1171 JABMOIKYHICTOCA MEXaHM3Ma Ha HU3KHUX 4YaCTOTaxX yCTaHABJIMBAIOT MEHBIINHN IoaAbBEM
YaCTOTHOW XapaKTEepUCTHKH IpeayCHIUTeNsI-KoppekTopa. B aToM ciaydae oTknoHenne AUX oT craHgapTHO 3amaercs
B mmostoce 100... 20000 I'm;

omHowenue cueHan-wym (HeB3BelleHHoe) [nb] — oOTHOIIEHHE JEHCTBYIOIIEr0 3HAYEHHS HOMHHAIBHOTO
BBIXOJIHOTO HamNpspKEHHs |(IpM HOMHHAJIBHOM BXOJHOM, paBHOM 2,5 MB) Kk nelcTByIOIIEMy 3HAUYEHHIO HANpsOKEHHS
BBIXOJIHOTO IIyMa. M3mepeHust mpoBoAsT Oe3 B3BEMIMBAMOIINX (GHUILTPOB. HampshkeHne MIyMOB H3MEPSIOT PHU IIyH-
TUPOBAaHHUU BXOJa YCHIIUTEIA-KOPPEKTOpA PE3UCTOPOM, UMEIOINM conpoTuBieHne 2,2 KOM (paBHOM SKBHBAICHTHOMY
COIIPOTHBIICHHUIO TOJIOBKH 3BYKOCHUMATe s Ha gacToTe 1 k[ '1);

Kkoa¢hPpuyuenm capmonux [%)] — Haubonpliee 3HaUCHHE KOIPPUIMEHTA HEIMHEHHBIX HCKAKCHUH BBIXOJHOTO
CHHYCOUAAJIBFHOTO CUTHAJIA; €ro M3MepsioT B mosioce 9acToT 20 ... 20 000 'y mpu BxomHOM HampspkeHnn 1 B.

Janee OyayT ommcaHbl CXEMBbI MPEAYCHINTENCH-KOPPEKTOPOB, COTJIACOBAHHBIX MO BXOAY C BBIXOJIOM MarHMTHBIX
3BYKOCHHMMATeJICH, paboTamux Ha Harpysky comportusieHueM 47 kOM. J[ns BceX KOPPEKTOPOB HOMHHAIBHBIM
YPOBEHb BXOJIHBIX CUTHAJIOB 2,5 MB, BbIxoaHOe conporusierue 1 kOm.



Yro6b! KOHCTPYKIMU 00Iagany MPUBOJMMBIMHU Jajice TEXHUYECKUMH XapaKTEPHCTHKAMH, MOHTaX KOPPEKTOPOB
CIIEZyEeT BECTU B COOTBETCTBUHM C JAHHBIMU YE€PTEKAMHM II€YaTHON U MOHTAKHOM IuIaT. MI3MeHeHre KOMIOHOBKH MOXKET
NPUBECTH K YXYAUICHHIO KOA(p(HULIMEHTa FAPMOHUK M OTHOIIEHMS CUTHAI-IIYM. J[JIs1 M3rOTOBIEHUSI BCEX IEYaTHBIX
IUIAT aBTOPBI UCIIOJIB30BAIM OHOCTOPOHHUI (DOJIBIUPOBAHHBIN CTEKJIOTEKCTOIMUT TONIMHOIM 1,5 MMm. Ha kax ol miare
B OCHOBHOM pa3MELICHO JBa UICHTUYHBIX KaHajla KOppeKTopa Juisi paboThl cO cTepeo(OHNYECKON TOJIOBKOH 3BYKOCHH-
Matensa. Ilpu coennHeHMHM KOppekTopa ¢ TOJOBKOM 3BYKOCHMMATENS U C OCTaJbHBIM YCHJIUTEIEM CIEAyeT
PYKOBOJICTBOBATHCSI PEKOMEHAALUSAMY Ha C. 126.

IIpocToit koppekTop Ha ABYX TpaH3ucTopax. OH UMEET CIEAYIOIIUE OCHOBHBIE TEXHUUECKUE XapaKTePUCTUKHU:

MakcuManbHOE BXOIHOE HAIPSKEHHUE........ 40 mB
MakcuManbHO€E BBIXOJHOE HAPSKEHHUE........ 4B
[leperpy3o4nas cnocOOHOCTH, HE MEHEE ........ 24 nb
Koaddunmenr ycunenns na yacrore 1 k[1....... 100
Otknonenne AUX oT CTaHIApTHOM......... + 1 1b
OTHOIIIEHUE CUTHAI-ITYM (HEB3BEIIEHHOE)....... 65 nb
Koa¢pduuunent rapmoHuk, He Ooee......... 0,1%
Hanpsoxkenue nuranus............ 15B
Toxk noTpebiieHus . ............. 1,5 MA
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Puc. 15. MpuHUuunuanbHaa cxema NPOCTOro KOppPeKTopa Ha ABYX TPaH3ncTopax

Takoil xoppekTop sBisieTcsi Hauboyiee MPOCTHIM M pacHpocTpaHeHHBIM. HecMmoTpst Ha mpocToTy, OH oOmamaer
JIOCTaTOYHO XOPOLIMMH MOKa3aTesIMU KadecTBa, 0OecrednBaeT HeoOXoauMoe ycunenune, koppekiuto AUX 3amucw, a
TaKKe HE CJI0XKEH B M3TOTOBIICHUH U HACTPOMKE.

[IprHIMOHaTRHAS CXeMa YCHINTENs mpuBeneHa Ha puc. 15. OH cocTouT u3 BXomHOoro (Ha Tpausuctope V711) u
BbIXOHOTO (VT2) KackajoB, TPAH3UCTOPHI B HUX BKJIFOYEHBI TIO CXEMeE C OOIIMM 3MHUTTEpOM. [ ambBaHUYECKas! CBS3h
MEeXIy KacKagaMH yIyd4llaeT 4JacTOTHYI0 M (ha3oByro xapakrepuctuku ycwiurens 6e3 OOC. s crabmmmzanuu
paboueii Touku Tpanzuctopa V7T cmemenue Ha ero 0a3y mojaercst yepes pesucrtop RS ¢ smurrTepa TpaHzucropa V72.
Henb OOC Ha snemenTax R3, C2, R4, C3, yCTaHOBJIEHHBIX MEXIy KojulekTopoM VT2 u smurrepom V711, obecrieunBaer
HEOOXOJUMYIO KOPPEKILHI0O YaCTOTHOM XapaKTEepUCTHUKH IPeNyCHIIUTENs-KOppeK-Topa. UTOObBl YMEHBUINTh BIUSHHE
IyJIbCallMi UCTOYHMKA NMUTaHus uctionb3yercs RC ¢unstp CO6RICT.
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Puc. 16. NMeyaTHas (a) 1 MOHTaxHas (6) nnarbl NMPOCTOro KOppeKTopa Ha ABYX TpaH 3ucTopax

KoHCTpYKTHBHO NpemyCHIUTEIb-KOPPEKTOP CMOHTHUPOBAH Ha MEYaTHOM InIaTe, Moka3aHHOM Ha puc. 16. Ha Heit
pa3sMelIaloT AeTaly U BTOporo koppekropa. [Ipu padore ¢ MarHUTHBIM cTepeo(OHNYECKUM 3BYKOCHUMATENIEM KaXIyt0
rapy TPaH3UCTOPOB, Pa0OTAIOIIMX HA OTIEIBbHBIH KOPPEKTOp, HEOOXOIMMO 1M0A00paTh 10 KO3(hGHUIMEHTY Mepeaadn
toka. Koaddumuent npsmoii nepenaun Toka Tpansuctopos V71 B VT2 nomxken 06Tk He MeHee 200. Kpome ykazaHHBIX
Ha CXeMe MOXXHO Hcroib30Bath TpaH3ucTopsl KT3156 m KT342B. Ilpu 3TOM H3MEHATH HOMHHAJIBI DIIEMEHTOB HE
Hy’)kHO. YToOB AUX KaxXIOro KOppeKTopa HE OTKIOHAIACH OT CTaHAapTHOH Oomee weM Ha =1 nb, HOMUHAIBI
PE3UCTOPOB U KOHIICHCATOPOB B IeIsiX Koppekuuu (R3, C2, R4, C3) He HOIKHBI OTIIMYATHCS OT YKa3aHHBIX Ha CXEME



6osee yem Ha 2%.

HanaxxuBaHue ycuiuTens 3aKIOYaeTCsl B NPOBEPKE IPABHIBHOCTH MOHTaKa. [IpyM NpaBHIBHO BBITIOJIHEHHOM
MOHTa)XX€ W MCHPABHBIX JAETASIX KOPPEKTOPHI IPaKTHYECKH He HYxXJAaloTcs B HacTpodike. Ha wacrore 1 kI
K03 PHUIMEHT TApMOHUK KaXKIOro Koppekropa He moivkeH mpersimath 0,08% mnpu Ugbit=1 B. [Ijgs nuranus asyx
KOPPEKTOPOB HEOOXOMM HCTOUYHUK, 00ecrieunBaronuii Ipy HanpsbkeHut 15 B Tok He menee 3 MA.

Koppexktrop na wmukpocxeme K548YHI1. OpgHumM #3 OCHOBHBIX HEJOCTATKOB TMPOCTBIX MPEAYyCHIIUTEIEH-
KOPPEKTOPOB, COCTOSIIIMX M3 IBYX-TPEX TPAaH3UCTOPHBIX YCHJIMTENBHBIX KacKaJOB, SIBISETCS POCT HEIMHEHHBIX
HCKaKEHUH C TMOHMKEHHEM YacTOTHl BXOJIHOI'O CHI'Hala. DTO CBS3aHO C O0COOEHHOCTSAMM Koppekumn AUX 3ammcu K
ymenbiieHneM Tayonmabsl OOC Ha sTHX bacrorax. OOWH W3 MyTeld yCTpaHEHHWsS 3TOTO0 HEJOCTaTKa — IPHMCHEHHE
ycunutened ¢ OompmmM K03 (UIIMEHTOM YCHWICHHS, OXBadeHHBIX TiIyO0okoii OOC. B kadecTBe TaKOBBIX MOXKHO
HCTIOJTBH30BATh OonepanuoHHbie yemmurenn (OY).

Xopomme pe3yapTaThl naeT NpHMeHeHne Mukpocxembl K548YHI1, kotopas mMmeeT NOHMKEHHBIH ypOBEHB
COOCTBEHHBIX UIyMOB, Jy4llee NoAaBieHHe (OHA M TOMEX HCTOYHMKA mnuTaHus. [IpuHNMNManbHas cxema
Hpe1y CUIINTENSI-KOPPEKTOPa, BBIMOJHEHHOTO Ha HEll, IprBe/ieHa Ha puc. 17.

Koppektop numeer ciieayrolire 0CHOBHbIE TEXHUUECKUE XapaKTEPUCTHKU:

MakcumanbHOE BXOIHOE HAIPSKEHHUE........ 45 mB
MakcumanbHO€ BBIXOJJHOE HAIPSKEHHUE........ 59B
[eperpy3ounast ciocoOHOCTB, HE MEHEE........ 25 nb
KoadpduumenT ycunenns Ha gacrore | k[ ....... 130
Otxionenne AUX OoT cTaHOApTHOM......... +0,6 nb
OTHOIIEHHE CUTHAI-IITYM (HEB3BEIICHHOE)....... 69 nb
Koaddunmenr rapmMonuk, He 6onee......... 0,2%
Hamnpsixenne nutaHus............ 24 B

Toxk norpebaeHwsl.............. 10 MA

Mukpocxema DA/ BKIIIOYEHA 10 CXeME HEMHBEPTUPYIOLIErO YCHIIUTEINS C MCHOJIb30BaHWEM O0OMX TPaH3MCTOPOB
BXozHOrO au(depeHnnanbHoro kackaaa. OTpuuaTesabHas oOpaTHas CBsI3b MO MOCTOSHHOMY TOKY (4Yepe3 pe3ucTOpbl
R2, R4, R6) onpenensier pexxuM paboTsl MukpocxeMmsl. Konnencarops! C3 u C4, Bxomsuue B uens OOC, popmupyror
crangaptHyro AUX. Kongencatopsl C/ u C5 cayxar A pas3Bs3KU IO NOCTOSHHOMY TOKY MCTOYHHMKA CUTHAaNa U
Harpys3ku, konaeHcarop C6 ycTpaHsaeT Mapa3sUuTHYO CBA3b [0 LN MUTAHUS.
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Puc. 17. MpuHuunuanbHaa cxema Koppektopa Ha Mukpocxeme K548YH1
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Puc 18. lNMeuyaTHas (a) 1 MoHTaXxHas (6) nnaTbl kKoppekTopa Ha Mukpocxeme K548YH1

OcHoBHas mpo0iiemMa Tpu co3IaHuH Koppekropa Ha Mukpocxeme tuna K548YHI1 cBoxutes k Beibopy nermn OOC,
MIO3BOJISIOIIEH BIMCATHCSA B CTAHAAPTHYIO YACTOTHYIO XapaKTEPUCTHKY 3aIlMCH, M K BBIOOPY peKMMa PabOThI CXEMBI,
IIPH KOTOPOM JOCTHTaeTcsi OOJIBLION TMHAMHYECKUH JUAa30H BXOJHBIX CUTHAJIOB NIPH MHHUMAJIBHOM KO3 QHUIMEHTe



TapMOHHUK.

KOHCTpYKTHBHO ONHCHIBAEMBIH KOPPEKTOp pa3MemleH Ha OJHOW medaTHOH mmare pasmepamu S50X50 mm.
PacnonoxeHne TOKOIPOBOAALINX TOPOKEK U pasMelleHHe AeTalel Ha IulaTe IoKa3aHo Ha puc. 18.

B ycrpoiictBe mpumenens! koHaeHcaTopsl K.M-5, K50-6, pesuctopsr MJIT-0,125. Pe3uctopsl 1 KOHAEHCATOPHI
LeNY 4aCTOTHOW KOPPEKLHUH JIOJDKHBI MMETh pa3dpoc He Oonee 2%, uro mo3BonuT copmupoBats AUX ycumurens,
OTJIIMYAIONIYIOCS OT CTaHIApTHOU He Oojee ueM 1 gb. OcTanbHbBIE 37I€MEHTH MOTYT HMETh pa3opoc £10%.

Jlis muTaHus KOPPEKTOpa NpU HaJlaXKMBAaHUHM HEOOXOAMM CTAOMIN3MPOBAHHBIN MCTOYHHK, 00CCIICUMBAIOIIAN TIPU
Hanpspkenud 24 B Tok He MeHee 20 MA. Ilpu uchnpaBHBIX 3J€MEHTaX W MPABUJIBHO BBIIOJHEHHOM MOHTaXe
YCTPOHCTBO B HACTpOiike He Hyxkmaercsa. Ha wactore | k'l KO3QHUIMEHT TapMOHHK KakKJOTO KOPpPEKTOpa He
mpesbrmaet 0,05 ... 0,06%.

Koppekrop Ha OV K153V/12. OnepanuioHHbIE YCHIUTENH OOIIETO MPUMEHEHHS MOTYT OBITH HCIIONB30BaHBI IS
CO3JaHM MPEeaBapUTENBHBIX ycunTenei 34, B TOM 4nciIe U Ui IOCTPOEHUS Ha ux 0a3e KoppekTopos. IIpu 3ToM mo
CPaBHEHHIO C TpEABIAYIIEH KOHCTPYKIMEH YXYAIIAeTCs TONBKO OTHOIICHHWE CHUTHAJI-IIYM, 9 OCTabHBIE IapaMeTphl
MOTYT OBITB axke yiyuiueHbl. Koppektop Ha OY uMeeT ciieiyronie OCHOBHbIE TEXHUYECKUE XapaKTEPUCTUKH:

MaxkcruManbHOE BXOJTHOE HAIPSDKEHHUE........ 120 MB
MakcuManbHO€ BBIXOJHOE HANpPSDKEHHE........ 9,5 B
[eperpy3ounast ciocoOHOCTB, HE MEHEE........ 33,6 nb
Koaddunment ycunenns na yacrore 1 k[1....... 80
Otxionerne AUX oT cTaHOApTHOM......... +0,5 nb
OTHOIIEHHE CUTHAI-IITYM (HEB3BEIICHHOE)....... 61 nb
Koaddpunment rapmonuk, He 6onee......... 0,06%
Hamnpsoxenne nutaHus............ +15B
Tox notpebneHwst .. 6 MA
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Puc. 19. NpuHuunuanbHasa cxema koppekTopa Ha OY K153Y[]2

IIpuanunuaneHas cxema Koppekropa, moctpoenHoro Ha OY K153V]I2, npuBenena nHa puc. 19. Mukpocxema
BKJIFOYEHA TI0 CXEME HEHHBEPTUPYIOIIETO YCHINTENS ¢ KoppekTupyomeil nenoukoir R3C3R4C4 B uenm OOC. YtoOs
obuieryuth popmupoBanne AUX, pesrcrop R3 cocraBiieH U3 JIBYX PE3UCTOPOB, BKIFOUEHHBIX MOCIENOBATENbHO, a R4
— COGAMHEHHBIX MapajielbHO. BXOJHOE CONpPOTHBIIEHHE YCHIIUTENS ONpPElesseTcsl NPaKTUYeCKH pe3ucTopoMm R/
Konpencarop CI, 4epe3 KOTOPBINA MOCTYIAeT CUTHAJ Ha BX0J MHKpocxeMbl DA 1, BMecTe ¢ pesucropom R/ obpasyer
GUIBTP HIWKHUX 4YacTOT, OCHAONSAIOMMI HeXeJaTelbHbIE CUTHAJIBl CBEPXHU3KOW YaCTOTHI, CO3/laBacMble
MEXaHWYECKUMH JIBIDKYLIMMUCS dYacTsMH 3jeKkTpodoHa. Pesucrop R2 ompeznenser Kkodh(HUUUEHT mepenadn
KOPpEKTOpa W TO3BOJISIET IPH HEOOXOJMMOCTH YCTaHABIMBAaTh HEOOXOAMMOE ycuiieHue y3na. [Ipu ucronb3oBaHMM
JeTajeil ¢ HOMIUHAJIaMH, YKa3aHHBIMHU Ha cXeMe, ycuienne koppekropa Ha gactore 1000 ' coctasmser 80 (38 ab).

VYcTpoiicTBO CMOHTHPOBAaHO Ha medaTHOH 1wrate (puc. 20). KongencaTopsl ¢unpTpa B menmu MUTaHUs (Ha cxeMe He
moka3zanbl) KA1-5 emkocTeio 0,1 MKk® ycTaHOBIICHBI HEMTOCPEICTBEHHO B TOYKAX MOJKITIOUSHHS HCTOYHAKA TUTAHUS.

Kpome OV K153V 12 moxxHo mpumeHuTh Mukpocxembl K. 140V 17, K140V 18, K140V 16, K153V 11, K153V/I3 u
T. 1. 0e3 MepedenKky IMeYaTHOW IJIaThl WIM C HEOOJIBIIUMH H3MEHEHHSAMH (BKJIIOYAIOT COOTBETCTBYIOIIWE IETH
KOPPEKITHH ).

[Tepen moakioYeHUEM KOPPEKTOpa K HMCTOYHHUKY MUTAHUS (IBYXIOJSPHBIN CTaOMIM3UPOBAHHBIN C BBIXOJHBIM
HarpsbkeHueM +15 B) HeoOXomuMo IMpOBEPUTh HMCIPABHOCTH JJIEMEHTOB M IPABHJIBHOCTH MOHTaxa. [Ipu aTHx
YCIIOBUSIX y3€Jl IPaKTU4ecKu He Tpedyer HacTpoiiku. Eciu HeoOxoaumo, To, noadupas conpoTHBiieHne peaucropa R2,
MOYKHO PEryJIMpoBaTh K03 puuueHT nepenaun ycuurens Ha gactore 1000 'n. KoadduimeHT rapMoHUK KOppekTopa
Ha yactoTe 1 k['1 He gomkeH npesbimarh 0,03%.
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Puc. 20. NMevyaTHas (a) n MOHTaXHasA (6). nnartbl Koppektopa Ha OY K153y[12

KoppekTop Ha aByx omepanuoHHbIX ycuauteasix K140Y17. Takoii KoppeKkTop MO3BOISIET YMEHBIIUTE IIYMBI
10 CPAaBHEHHUIO C MPEABIYIINM KOpPpPeKTOopoM. OCHOBHOM HEZOCTATOK KOPPEKTOpa, BhIMogHeHHOro Ha OY obmero
TIPUMEHEHHS, TI0 CPABHEHHUIO CO CIICIMAIBHBIMA MUKPOCXEMaMH, — ITOBBIMICHHBIN ypoBeHb mryma. OIUH U3 METOMOB,
MO3BOJISIIOIINX YJIydIINTh OTHOUIEHHE CHrHal-ImyM Ha 5. 10 ab mo cpaBHEHHIO ¢ TeM, 4TO AaeT MpeAbIIyInas
KOHCTPYKIMS, 3aKIIOYAEeTCs] B TOM, YTO CHUTHAJI C TOJIOBKM 3BYKOCHHUMATEINS CHAaudalla YCHJIMBACTCS C YPOBHA 2,5
npumepHo 110 100 MB, a yxe 3aTeM KOppeKTHPYeTCsL.

KoppekTop umeer cieayole 0CHOBHbIE TEXHUYECKUE XapaKTEPUCTHUKH:
MaxkcrManbHOe BXOJTHOE HAIPSDKEHHE........ 150 MB

MakcumanbHO€ BBIXOJJHOE HANPSDKEHHUE...... 9,5B

[eperpy3ounast ciocoOHOCTB, HE MEHEE ... ....
Koaddunment ycunenns na yacrore 1 k['1.......
Otxiionerne AUX oT cTaHOAPTHOM......... +1 nb

OTHOIIEHUE CUTHAI-IIYM (HEB3BEIICHHOE) ....... 68 nb
Koaddunment rapmonuk, He 6ornee......... 0,07%
Hamnpsixenne nutaHus............ +24 B
Toxk notpebaeHwsl.............. 15 MA
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Puc. 21. NMpuHuMnuanbHaa cxema KkoppekTopa Ha AByx OY K140y[l7

IIpakTrdeckas peanmu3alis KOppeKTopa mpeacrapieHa Ha puc. 21. Kaxnaplii kaHam koppekTopa (Ha cxeme MoKa3aH
OJIMH) BBITIOJIHEH Ha ABYX ONepannoHHbIX yemnutensix DAL DA2. TpeGoBanue K mryMoBBIM XapakTepuctukam OY DA2
MOXKer OBITh MeHee >KeCTKHM. BxomHoil kackajy Ha Mukpocxeme DA/ BBIIONHEH Kak JUHEWHBIA YCHIUTENIh C
K03(hGHULMEHTOM Tepefayr MpUMEpPHO paBHBIM 25. OrpaHHYEeHHE YCWIICHHS JTOr0 Kackajga IO3BOJISIET COXPaHHTh
HIMPHHY MOJIOCHI TIPOMYCKAHUS M CIIOCOOHOCTh €ro K 3HAYMTEIbHBIM Ieperpy3kam. Ha mukpocxeme DA2 cobpan co0-
CTBCHHO KOPPEKTOp. Y CTPOMCTBO MUTAIOT OT OJHOIOJSPHOTO CTA0MIN3UPOBAHHOTO MCTOYHMKA MMATAHUS C BBIXOHBIM
HanpspxeHueM 24 B. @unbstp R10C3C4 cHUKaeT BIUSHUE MyIbCalUil HICTOYHHUKA MUTAHUS.

O06a kaHaya yCWIHMTeNsl CMOHTHPOBaHbl Ha NEYaTHOHW IUIaTe, NMpHBEIAEHHOH Ha puc. 22. Bmecro OY K140V/7,
TIPUBE/ICHHOTO Ha CXEeMe, MOJKHO HCIIOJIb30BaTh NpakTHYecKH 000l OY 001iero npuMeHeHHs: ¢ COOTBETCTBYIOIUMU
mensmu  koppekunnu, Hanpumep KHOVYO6, K153V/2, K140YA8, m 1. m Ilpm 3TOM HEOOXOIMMO BBECTH
COOTBETCTBYIOIIMC N3MEHEHHS B TICUATHYIO TIIATY.

ITepen MoHTa)kOM HEOOXOIMMO TIPOBEPUTH MCIIPABHOCTH 3JIEMEHTOB, a MOCJIe MX YCTAHOBKH HA IMEYaTHOU IIIaTe —
MIPaBHIBHOCTh MOHTaXa. [IpH mcrnonp30BaHum 1eMeHToB (R6, R7, C5, C6), nMeIomux KiacC TOYHOCTH He Xyxe 5%,



KpHBasi KOPPEKLMH OylIeT BbIACp)KaHA C TOYHOCThIO He Xyxe 1 nb. Ecny MOHTax BBINONHEH MPaBHJIBHO, Y3el
paboTaeT nmpakTUIecKH 06€3 HaCTPOHKH.
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Puc. 22. NMeyaTHas (a) 1 MOHTaXHasA (6) NnaTbl KOppeKkTopa Ha aByx OY K140Y[Q7

Koppekrop Ha onnom OV K140V [7 ¢ ManomymsimuM TpaH3UCTOPHBIM KackaloM Ha Bxofe. B aTom xoppekrope
JUIL YMEHBIICHHS IIyMa HA BXOJC yCTaHOBIEH An((epeHINaIbHbINA Kacka Ha MAJIONIYMSIIMX TPaH3UCTOpax, YeM
JOCTHTAETCSA COYETaHHWE MPOCTOTHI KOPPEKTOpa Ha MHKPOCXEME C BO3MOXKHOCTBIO INOJYUEHHs Majoro IIyma 3a cyeT
HCIIOJIb30BAHUSI TAKOTO BXOAHOTO Kackana. KoppekTrop uMeer cieyromye OCHOBHbIE TEXHUIECKHE XapaKTCPUCTHKH:

MakcuManbHOE BXOIHOE HAMIPSHKCHHUE ........ 120 MB
MaxkcruManbHOE BBIXOAHOE HampsDKEHHeE . . . ... ... 9,5 B
[Teperpy3o4Hasi cioCOOHOCTh, HE MEHEE ........ 33 nb
Koa¢ppuuuent ycunenus Ha yacrore 1 k['i....... 80
Ortknonenne AUYX OT cTaHAApTHOM......... + 1 1b
OTHOIICHUE CUTHAI-IITYM (HEB3BEIICHHOE)....... 66 nb
Koaddunment rapmonuk, ve 6oxee . . . ..... 0,08%
Hanpsoxenue nurasus............ +15B

Tok motpebneHus............. .10 MA

[TpakTHyeckas cxema Takoro ycTpoicTBa npuBeneHa Ha puc. 23. OHO COCTOMT U3 BXOAHOTO JU((epeHIHanbHOro
Kackaga Ha TpaHsuctopax V711 m VT2 u BBIXOZHOTO Kackama Ha Mukpocxeme DAI. Jlyng momydeHus MHUHUMAIbHOTO
IIyMa BXOJHOTO KackKaga KOJJICKTOPHBIM TOK TpaH3ucTopoB V7! m VT2 ycTaHOBICH MUHHUMAJIBHBIM, IpuMepHO 50
MKA. Konzaencatop C2 obecrieunBaeT cTabMIBHOCT Pa0OThI KOPPEKTOpa. J[pyrux ocoOeHHOCTEI KOPPEKTOP HE UMEET.
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Puc. 23. NMpuHuunuanbHaa cxema koppektopa Ha OY KHOY[17 ¢ audcpepeHumanbHbIM Kackagom
Ha Bxope

Ha puc. 24,a noka3zana nedaTHas miaTa (CO CTOPOHBI TOKOIPOBOSIINX TOPOXKEK) IBYX KaHaioB ycwinurems. Kak u
B TIpeABLAYIINX ciy4asx, BMecTo Mukpocxembl K140V 17 moxxno npumennts OV, Hanpumep K153V/(1, K153V]12,
K140V 16, K140Y A8 u T. 1. C COOTBETCTBYIOIIUMH LETSIMHA KOPPEKITHH.

Bu miathl co cTOpOHBI AeTaieil n300paxeH Ha puc. 24,6.

HpOBepI/lB HCIPAaBHOCTb 3JIECMCHTOB U MPAaBUWIBHOCTH MOHTaXKa, IJIaTy MOXHO MNOAK/IKOYAaTh K UCTOYHHUKY IMUTAHUA
(IBYXIONISIPHOMY CTaOMJIM3UPOBAaHHOMY C BBIXOIHBIM HanpspkeHueM +15 B). Ilpu sxenanuu, nonodupas pesucrop RS,
H3MEHSIOT YCHJIEHHE KOPPEKTOpA.
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Puc. 24. I'quaTHa;l (a) m MoHTaxHasa (6) nnaTbl Koppektopa Ha OY K140YQ7 c paud-
depeHUManbHbLIM Kackagom Ha Bxoge

BbICOKOKaUeCTBEHHBIM KOPPEKTOp Ha TpaH3UCTOpax. MOXKHO 3aMETHO YIy4llIUTh HapaMmeTpbl KOPPEKTopa,
HECKOJIBKO BUZIOM3MEHHB CXEMY IIPOCTOr0 KOPPEKTOpa Ha JIByX TPaH3UCTOpax (cM. puc. 15), MOJKITIOYNB K €ro BBIXOIY
JBYXTaKTHBIA SMHT-TEpPHBII MOBTOPHUTEIND. [IpUHIMITHANIBHAS CXeMa TAKOTO YCHIIMTENI-KOPPEKTOpa IPHUBE/IeHa Ha PHC.
25. OH nMeeT cIeyIoIne OCHOBHBIC TEXHUUECKHE XapaKTEPUCTHKH:

MakcuManbHOE BXOIHOE HANPSHKEHHE......... 200 mB
MakcuManbHOE BBIXOJIHOE HalpsHKEHHE........ 8B
[eperpy3o4nas ciocOGHOCTH, HE MEHEE........ 38 nb
Koa¢pouuuent ycunenus Ha yacrore 1 kl'i....... 40
Otknonenrne AUX OT CTaHIApTHOM . ......... + 1 nb
OTHOIICHUE CUTHAI-IITYM (HEB3BEIICHHOE)....... 66 n1b
Koaddunment rapmonuk, He 6onee......... 0,02%
Hanpsoxkenue nuranus............ 24B

Tok motpebneHus.............. 5MA

BxomHOW Kackaa 3TOTO YCHIIUTEN Ui yMEHBIICHHUS ITyMa BBIIONHEH Ha Tpausuctope KT3107J1, paboratomem B
pexxuMe ¢ MaJbIM TOKoM Koiutekropa (okoso 100 mxA). Tpansuctopsl V11 u VT2 obecrieuuBaroT OCHOBHOE YCHIICHHE;
BbIXOomHOW Kackax (V713, VT4) ymeHbIIaeT BERIXOQHOE CONPOTHUBIICHUE Y3714, OCNabiss TeM CaMbIM BIMSHHE HArpy3KH
Ha AUX ycunurens. [octosHHas cOCTaBIAIOMIas TOKAa AMHUTTEpA TpaH3UCTopa V71 Mcrmons3yercs A CTaOWIH3auu
pexrMa paboThI BBIXOAHOTO KacKaja.
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Puc. 25. MpuHuMnManbHas cxema BbICOKOKa4eCTBEHHOro KOppeKkTopa ¢ MMHUMarbHbIM YUCIIOM
KOMMOHEHTOB



AMIUIATYTHO-9aCTOTHAsI XapaKTepUCTHKa Koppekropa hopmupyercs nensio OOC R3IR8C4C7C8. Konnpencarop C5
obecrieunBaeT yCTOWYMBOCTh PaboThl ycTpoicTBa. Pesucrop R/6 MO3BOJISET yCTAaHOBHTh HEOOXOAMMOE BBIXOJHOE
HaInpsoKeHUe.

[MeuvarHas ruiaTa ajst AByX KaHajioB u3oOpaxeHa Ha puc. 26. Tpausucropsl V11, VT2 nomKHBI UMETh JIOCTATOYHO
BbIcOKMH Kodddunment nepenaun Tok» (150... 200), a V74 u VT3 — opnHakoBbli. [loMMMO yKa3aHHBIX Ha cXeMe
MOYKHO NMPHUMEHATH (C HEKOTOPBIM YXYJIIEHHEM XapaKTepUCTUK KoppekTopa) TpaHzucropsl tTunoB KT3156, KT3615,
KT342B, KT203, KT208 u T. 1., konaencatopsl K50-6, KM-4, KM-5, KM-6, pe3uctopst MJIT-0,25.

Jns muTaHns KOpPPEKTOpa BO BpeMs HaJlaKMBAHUS HEOOXOIUM CTaOMIM3MPOBAHHBIH HCTOYHHMK C BBIXOIHBIM
HanpspkeHneM 24 B. VcmpaBHble 37€MEHTHI M NPAaBWIIBHBI MOHT@X Y3Jla IO3BOJSIIOT HCIOJB30BATH KOPPEKTOP
npaktudeckn 0e3 HacTpoiku. Ilpw kemanmm ycraHOBUTH Oonee TouHO AUX KOppekTopa, HEoOXOoAnMO Momo0paTh
3JIeMeHTHI 1ien Koppeknun (R3, RS, C4, C7, C8).
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Puc. 26. MeuyatHasa (c) M MoHTaxHas (6) nnaTbl BbICOKOKAYEeCTBEHHOrO KOppeKTopa ¢
MUHUMaANbHbLIM YACJTOM KOMMOHEHTOB

Koppekrop Ha IUCKPETHBIX 3JEMEHTaxX C HCIoJb30BaHUeM cxemorexHukn OVY. M3-3a cBoeoOpasusi 4acTOTHOU
XapaKTEePUCTUKU KOPPEKTOpa JUIi MarHUTHOW TOJIOBKM 3BYKOCHHMATEJS, JUISi COXPAHEHHS JOCTATOYHO BBICOKHX €ro
XapaKTepUCTUK TpeOyeTcss yCWIuTedb C OONbIIUM KOA(PQHUIMEHTOM ycwieHHus npu pasomkHyToit menu OOC.
[Ipumenernne OV B MHTErpalbHOM HCIOJHEHHWHU JA€T B LIEJIOM XOPOIIHE Pe3yJbTaThl, HO IIYMOBBIE XapaKTePUCTUKU
9THX KOPPEKTOPOB OKAa3bIBAIOTCS HEBBICOKMMHU. CyIIECTBYIOT pPa3iIM4YHbIE CIIOCOOBI pEIIeHUs] 3TOH MpOOIJIEeMBI,
HEKOTOPBIC U3 KOTOPBIX YKe ObLTH onucanbl. Hanbosee BEICOKHE XapaKTEPUCTUKU KOPPEKTOPA YAACTCsI TIOYYUTh IPU
BEITIOJIHEHUH €T0 Ha JUCKPETHBIX 3JEMEHTaX C HCIOJIb30BaHHEM cxeMoTexHHKH OY. OmucaHHBIN majiee KOPPEKTOp
HAMEET CJICIYIONIIE OCHOBHBIC TEXHUICCKHUE XapaKTePUCTHUKU:

MakcuManbHOE BXOIHOE HAIIPSKEHHUE...... . 100 MB

MakcuManbHO€E BBIXOJHOE HAIPSKEHHUE........ 8B

[Teperpy3ouHas cnocoOHOCTh, HE MEHEe 32 nb

Koadduument nepenaun Ha gacrore 1 k[1I....... 38 nb

Ortknonenne AUX OT cTaHAAPTHOM. ........ +1 nb

OTHOIIIEHUE CUTHAI-ITYM (HEB3BEIIEHHOE)....... 68 n1b

Koa¢pduuunent rapmoHuk, He Ooee......... 0,01%

HanpsixeHue nutaHus............ +15B

Tok noTpebiieHus . ............ 10 MA

Bxoanoii kackax koppekropa (puc. 27) — muddepeHInanbHbI yCHInTeNb Ha TpaH3ucropax V12, VT4 —

MOCTPOEH Tak ke, kak u OY. Jlng mocTikeHnst 607pmI0ro Ko3(h(GUIHUeHTa yCHICHHS 3MUTTEPHBIE W KOJJIEKTOpHAS
[eNH MUTAITCA OT WCTOYHHWKOB TOKa Ha TpaH3ucropax VT, VT3. Pexumsl TpanzuctopoB V712, VT4 BeIOpaHBI U3
YCIIOBUSI TIOJMydEHUs] MUHUMAJIBHOTO IIyMa, IUIS Yero KOJJIEKTOPHBIM TOK KaXIOTO M3 HHUX YCTAHOBJIEH NPHMEPHO
paBapIM 100 MKA. Mctounmk Toka Ha TpaH3ucrope V73 ymydmiaer mofaBiieHHEe (DOHA W IyJIbCAIlM HMCTOYHHKA
nMUTaHuA. [ yMEHbIICHUs] HEMHEHHBIX MCKaXXEHHH YCHIICHHE KacKala BbIOPAaHO MAaKCHMAaJIBHO BO3MOKHBIM, YTO
JOCTUTAeTCA BKIIOYCHHEM IWHAMHUYECKOH HAarpy3kd Ha TpaHsuctope V71 B KoiuieKTopHyo nemb V712, UrtoOsr
NPEOTBPATUTh MEPErpy3Ky BXOIHOTO KacKajga M yBEJIHUYUTb €r0 YCHJIEHHE, MCIOJIb30BaH COIJACYIOIUI KacKal HT
Tpansucrope VT5. [Ins nonaydyeHUss MakKCHMajabHOIO YCWIEHHS M YBEIUYEHHUs JIMHEHHOCTU B KadyeCTBE HArpy3Ku
BBIXOJIHOTO KacKaja Ha TpaH3ucrope V76 ncrnosbs3yercst uCTOUHUK Toka (V717).

Lenp koppekuuu cocTtouT M3 3neMeHToB RIl, RI12, C5, C6. Pesucrop RI3 u xonuencarop C4 omnpenemnsor
YaCTOTHYIO XapaKTEPUCTUKY yCHWIINTENS Ha 9acToTax Bhine 50 k.

Kaxxmprit xaHanm KoppeKkTopa CMOHTHPOBAH Ha OTAETBHOHN meuaTtHO# mare (puc. 28), Pesucrop R9Y pacmasH co
CTOPOHBI TOKOTPOBOISIIMX JOPOKEK Ha BBIBOAAX KoHAeHcaTopa C3. BMecTo yka3aHHBIX Ha CXeMe MOXHO IPHMEHSTh
TpaH3UCTOpPHl W JOpyrux tumo, Hampumep, KT315, KT361, KT209, KT203 m T. n. OmHako TeXHHYECKHE



XapaKTePUCTHKH KOPPEKTOPa IPU 3TOM HECKOJBKO yXyAmaTcs. TOYHOCTh AJIIEMEHTOB IIEMH KOPPEKIUH JOJDKHA OBITh
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Puc. 27. MpuHuunuanbHaa cxeMa KOpPpPeKTopa Ha AUCKPETHbIX 3fIeMeHTax Nno cxeMoTexHuke OY

[Ipy MCHBITAHUSX YCHIIMTEINS CIEIyeT HCIIOJIb30BaTh NBYXIOJSIPHBIN CTAOMIM3MPOBAHHBIA MCTOYHUK NMUTAHUS C
BBIXOZHBIM HanpsbkeHHeM 15 B. Ecim MOHTaXK BBINOJHEH NMPABWIIBHO M 3JIEMEHTHI HCIIPABHBI, yCTPOWCTBO paboTaeT
6e3 HaCTPOWKHU 1 00ECIICUNBACT IPHUBEACHHBIE XapPaKTEPHCTHKH.
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Puc. 28. MNeuyatHas (a) u MoHTaxHasa (6) nnaTbl KOppekTopa Ha AUCKPETHbIX 3NeMeHTax no
cxemoTexHuke OY

BbicOKOKauecTBEHHBI KOPPEKTOP Ha YCHWIIMTENE C IapaulelibHOi 00paTHOil CBsA3bI0. M3BECTHO, YTO MPUMEHEHHE
MapaJulelbHOW  OOpaTHOW CBSI3M N0 HANPSHKEHUIO (OpMHUpYET HWCTOYHHMK HANpsDKEHHS (BBIXOZAHOE MOJIHOE
CONPOTUBJICHHE KOTOPOTro OJNM3KO K HYJI0). JTO MO3BOJSET CTPOMTH YCHIIUTENh C XOPOLIMMH Harpy304YHBIMH
xapakrepuctukaMmu. CieyeT OTMETUTh, YTO yCHIHUTENb ¢ napamiensHoi OC Takke UMeeT Ty4dIlylo, 10 CPABHEHUIO C
TIOCIIEA0BATENbHOM, IEPEXOAHYI0 XapaKTepUCTUKY. KoppeKkTopsl, MoCTpoeHHbIE Ha 0a3e yCHIMTENeH ¢ napajuienbHON
OC, npu IPOCTHIX CXEMHBIX PEIICHUIX TO3BOJISIOT MOTyYHUTh IOBOJIFHO BHICOKHE TEXHUIECKUE XaPAKTCPUCTHKH.

BpIcOKOKaueCTBEHHBIH KOPPEKTOP Ha YCHWIIUTENE C MapayieIbHOW 00paTHOM CBSI3bI0 UMEET CIIEIYIONINE OCHOBHBIE
TEXHUYECKNE XapPaKTEPUCTUKH:

MaxkcrManbHOe BXOJTHOE HAIMPSDKEHUE . ....... 40 mB
MakcumasbHOE BBIXOHOE HAPSDKEHHE. ... 4B
[Teperpy3o4Hasi CHIOCOOHOCTS .......... 24 nb
Koaddunment ycunenns na yacrore 1 k['1....... 100



Ortknonenne AUX OT cTaHAAPTHOM. ........ +0,5 nb
OTHOIIEHHE CUTHAI-IITYM (HEB3BEIICHHOE) . . . . . . . 70 nb
Koa¢pduument rapmoHuk, He Oosee ......... 0,01%
HanpsoxeHue nutaHus............ +15B

Tok morpebneHus.............. 10 MA

Ha puc. 29 npusenena cxema 3Toro koppexkropa. OH COCTOUT U3 BXOJHOTO KacKaja Ha TpaH3uctopax VIl — VT3 u
JIBYXTaKTHOTO BBIXOJHOTO Kackaaa (Tpan3uctopwl V714 — VT7), paboraromiero B pexxume A. BxomHo#l kackan uis
MOJIy4eHHUsT MAaKCHUMAaJIbHOTO YCWJICHHUS BBIOJHEH MO KaCKOIHOHM cxeme Ha TpaHzucropax V712, V13, ¢ NCTOYHUKOM
TOKa Ha TIOJIEBOM TpaH3ucTope V7 B KadecTBe €ro Harpy3Kh. YCHICHHE Takoro kackama Ha dactore 100 I'm
cocrasszer okosio 50 000, 9To maeT BO3MOKHOCTH BBOAUTH Ty0okyto OOC, yMEHBIIAIONIYIO HCKaKeHNEe curHama. s
COTJIACOBAaHMUs C HArpy3KOW MCITOJIb3YeTCsl MBYXTaKTHBIN BBIXOJHOW Kackan (TpaHsuctopel V14, VI6 w VTS5, VI7).
BbIxogHass MOIIHOCTH KacKala OKa3bIBACTCSl JOCTATOYHOM [UI HEMOCPEICTBEHHOTO IOAKIIOUEHHS TOJOBHBIX
TeneoHOB. B naHHOM ciydae B KayecTBE HArpy3kd MOXKHO HCIIOJIb30BaTh BHICOKOOMHBIE T'OJIOBHBIE TeJe(OHBI,
nanpumep, TIC-5. B atom ciy4ae ypoBeHb T'POMKOCTH PEryJIHPYIOT pe3ucropoMm RI5. HeoOXoauMyr 4YacTOTHYIO
xapakrepuctuky ¢opmupytor nernu R5C5 u R8C6.
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Puc. 29. MpuHuunuanbHaa cxema KOppeKTopa ¢ napannenbHOn o6paTHOM CBA3bIO

[Tewatnas miara koppekropa (puc. 30) paccunTaHa Ha MOHTaX ABYX KOppekTopoB. Pesuctopsl R2 u R11 — CII3-
22, R15 — CII3-12a ¢ 3KCIIOHEHIMAIBHOM 3aBHCHMOCTBIO COMIPOTHUBIICHHS OT yTJIa TIOBOPOTA JIBHKKA.

[TepBoHauanpHO, yCTaHABIHMBas pe3UCTOpoM R// Ha TOJOXHUTENBbHOW 0OKIaake KoHAeHcaTopa C8 HampshKeHHE
+7,5 B, HeoOX0IMMO cOaTaHCUPOBATHL KOPPEKTOP, 3aTeM pe3ucTOpoM R2 HYKHO JOOUTHCS, YTOOBI KOJUIEKTOPHBIN TOK
BBIXOJHBIX TpaH3UCTOPOB ObLT paBeH 10 MA. Ilociie 3TOro MOBTOPHO MPOBEPUTH OajaHC U, €Cii HE0OX0aUMO, BHOBb
nojctpouts K.71. Ha sToMm HanaxuBaHue 3akaHuyuBaeTcs. [ MUTaHUs KOPPEKTOPOB BO BPEMS HATAKUBAHUS CIIEYET
UCIIOJIb30BaTh CTA0MIM3UPOBAHHBII HCTOYHKK, O0ecTieunBaloNIMi pu HanpsbkeHuu 15 B Tok He menee 100 MA.
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Puc. 30. NMevyaTHas (a) n MOHTaXKHaA (0) nnaTbl ycunurtens ¢ napannesibHON o6paTHOW CBA3bIO.

MUKPO®OHHBIE YCUJIMTEJIN

Mukpo(hOHHBIE YCHIIUTENN MPeAHA3HAYECHBI JUIS YCHJICHUS ClIa0bIX CHI'HAJIOB MHKPO(OHA M COIJIACOBAHUS €ro C
HOCJIEAYIONMMH  YCHJIMTENIBHBIMA ~ KacKaJaMyd  3BYKOBOCHPOM3BOISIEro  Tpakra. KoadduuumeHt ycuineHus
MHUKpPO(OHHOTO YCHJIMTENsT BBIOMPAIOT TakuM 00pa3oM, 4ToObl O0ECHeyrTh Ha BXOAE OCHOBHOTO YCHJIMTEIS
HOMHUHAJBHBINA ypoBeHb HanpspkeHus oT 200 mo 400 mB. Ilpn HeoOX0IMMOCTH B MHUKPO(OHHBIH yCHIIUTENb BBOASAT
YaCTOTHYIO KOPPEKILHUIO, YTOOBI KOMIIEHCHPOBaTh HepaBHOMepHOCTh AUX ucnonbp3yemoro MukpodoHa.

OcoOeHHOCTSIMM MHUKPO(OHHOTO YCHJIMTENs SIBISIFOTCS: paboTa MNpHM MalblX YPOBHSAX BXOJIHOTIO CHUTHala
(mommuanpHas DJIC, pa3BuBaeMas pa3sHBIMH THIIAMH MHKpOQoHOB, coctaister 0,1... 0,8 MB); coBmecTHas padora ¢
HCTOYHUKOM CHTHAJa, MMEIOIINM HHU3Koe BHyTpeHHee comportusieHune (500 ... 2000 Om), KoTOpoe ocTaercs IIo-
CTOSIHHBIM B HIMPOKOM JIHana3oHe pabounuX 4acToT.

OCHOBHBIE CIIOKHOCTH TPH Pa3paboTKe MUKPO(POHHBIX YCHIIHMTENEH CBS3aHBI O JOCTHXKEHHEM HHU3KOTO YPOBHS
COOCTBEHHBIX IIyMOB W MHHHMAJBHBIX HEJIWHEHHBIX HCKakeHuil. PopmupoBanne HeobOxomumonr AUYX 0coObix
TPYIHOCTEH HE MPEJCTaBIIsCT.

CoOcTBeHHbIE (BHYTPEHHHE) IIYMbl NPUMEHSIEMBIX B BBHICOKOKAYECTBEHHOH 3BYKE-TEXHHMKE AJIEKTPOCTATUUECKHX
(KOH/IEHCATOPHBIX) M DJIEKTPOJAWHAMHUYECKMX  (JICHTOYHBIX) MHUKPO(OHOB  HE3HAYMTENbHBI. Tak, LIyMbI
ANEKTPOJMHAMHYECKUX MUKPO(OHOB O4YEHb Mallbl U, KaK MPaBUIIO, HE HOpMHUPYIOTCs. KoHieHcaTopHble MUKPO(GOHBI
HUMEIOT CPaBHUTEIIFHO Oojiee BHICOKHH ypOBEHb IIYMOB, OOBIYHO YKa3bIBaeMbli B Iacnopre Mukpodona. Ho gaxe s
KOHJICHCATOPHBIX MUKPO(OHOB YpOBEHb COOCTBEHHBIX IIYMOB HE IPEBBIIIAET HECKOJIBKMX MHUKpPOBOJBT. [loaTOomy
Ba)KHO, YTOOBI COOCTBEHHBIE IITYMBI MUKPO(OHHOTO YCHIIUTENSI OBLITH MaJIbI.

Kak w3BecTHO, [UIA IOCTHKEHHS MaJoOro YpOBHS IIYMOB HAa BBIXOAE YCHWINTENS HEOOXOAMMO YyMEHBIIATh
COOCTBEHHBIE IIIyMBI TIEPBOTO KACKaAa M YBEIMUMBATH MTOJIE3HBIH CUTHAI Ha ero BXxoje. [IockonbKy IyMoBbIE CBOICTBA
YCHJINTEIBHOTO KacKaJa 3aBUCIT OT BHYTPEHHETO CONPOTHUBIICHMS MCTOYHMKA CUTHAINA, PU BBIOOpE pexuMa paboTh



TPaH3UCTOPAa B HEPBOM KackKa/lle MHKPO(QOHHOTO YCHIMTENIs HEOOXOAUMO YUYHMTHIBATH BHYTPEHHEE COIPOTHBICHHUE
mukpodona. Hampumep, must tpansucropa KT3102 onTuMaabHBIN KOJJICKTOPHBIA TOK, IPU KOTOPOM KO3(duIiueHT
nryma MuHuManes, cocrariser 100... 300 MxA npu conpoTtuBieHHn uctouHuka curHana 1 xOm u 30... 60 MKA npu
conpotusieHnt 10... 100 kOm.

ITo pexkomenmanmu MexayHapogHOH OnekTpoTexHuueckoil Komuccnn HOMHUHAIBHOE BXOIHOE COMPOTHUBIICHUE
MHUKPO(OHHOTO YCHJIUTENSA, OOECHEeYMBAIOIIee HaWIydlllee OTHOLIEHHE CHTHAJ-IIyM Ha €ro BBIXOJE, pPaBHO
YTPOSHHOMY cOnpoTuBIIeHHIO MUKpo(oHa (RBX = 3RMK). B onmcaHHbIX asiee KOHCTPYKIUSAX BXOJTHOE COIIPOTHBIICHHE
yeunutenst 3,3 kKOM, 9To sIBIISETCS KOMIPOMHUCCHBIM PEIIEHUEM ISl Pa3JIMYHbIX TUIIOB IIPUMEHSIEMBIX MUKPO(OHOB.

HomuHanBHBIH qana3oH 4acTOT MUKPO(OHHOTO ycumuTens ¢ yaetoM AUX mcrmons3yemMoro MEUKpodoHa MOIDKEeH
ob1Th He Xyxke 20 I'm... 20 x['m mpu HepaBHOMepHOCTH *£2 nb. Hep3BemeHHOe 3HAUYEHHE OTHOIIEHHS CHTHAI-IITYM
JIOCTAaTOYHO MIMETh MpuMepHO paBHBIM 60 nb. 3amac mo meperpy3o4HoOi crocoOHOCTH (OTHOCHTEIFHO HOMHHAIBHON
YyBCTBUTEIBHOCTH) 10JDKeH ObITh He MeHee 30 nb. KoadduuuenT rapMoHuK B 10JI0CE 4aCTOT AOJDKEH COCTABIATH HE
6osee 0,1...0,2%. ABroMaTHUecKas PErylIMpOBKa yCWICHMS, 3HAUUTEIBHO CY)KAIOIAs NUHAMHYECKUI IHama3oH U
HCIIOJIb3YyEMasd, KaK IMpaBUJIO, B CIICHHUAIBHBIX YCHUIIUTEIIAX ()1.]'[51 YCUJICHUA peuu U T. H.), B pacCMaTpuBacMbIX AajIcc
MHUKPO(OHHBIX YCUIIUTENAX HE TPUMEHSIETCS.

Mukpo(hOHHbBIE YCHITUTEIN UMEIOT CIIEAYIOIINE TapaMeTphbl:

MakcumanbHoe 6xo0Hoe Hanpsicenue [MB] — HanOoubiiee nelicTBYIOIIEe 3HAYEHHE CHHYCOUAAIBHOTO BXOJHOTO
curHaia Ha yactore 1 kI, mpu KOTOpoM K03((HIMEHT TaApMOHHK BBIXOJHOTO HarpshkeHust He rpesbiiaeT 0,5%;

MakcumanbHoe 8bix00Hoe Hanpsicenue [B] — Haubonbliee aefcTByolee 3HAUCHNE BBIXOIHOTO HANPSDKEHHS Ha
yactote | kI['m mpu koapunmente rapmonuk He 6omee 0,5%;

nepeepysounas cnocobrnocms, K, [1b] — OTHOIIEHNE MaKCHMaJIBHOTO BXOIHOTO HANpsDKEHHS K HOMHHAJIBHOMY
BXOIHOMY;

Kkoa¢hPpuyuenm capmonux [%)] — Haubonpliee 3HaUCHHE KOIPPUIMEHTA HEIMHEHHBIX HCKAKCHUH BBIXOJHOTO
curHana, m3mepsemoe B nojoce 9actoT 20... 20 000 ' mpy HOMUHAJIEHOM BBIXOJIHOM HAIPSKCHHH,

omHowenue cucHan-uiym (neezgeutennoe) [0b] — OTHOILIEHHE [EHCTBYIOIIEr0 3HAYCHUS HOMHHAJIBHOTO
HalpsHKEHUS BBIXOJAHOI'0 CHUHYCOUMAAJIBHOI'O CHUI'HaIa K HeﬂCTBleLHeMy 3HAUCHUIO HaANPsHKCHUS IIyMa Ha BbIXOAE
yeunutedst (M3mepsiercst 6e3 B3BEIINBAIOIINX (HUIBTPOB);

HOMUHANbHBIY Ouanason [I']] — nuamna3oH 4acTOT, BHYTpU KOTOporo HopMmupoBaHHas AUX ycunutens umeer
HepaBHOMEPHOCTH He Oonee +1,5 nb.

Jlnist Bcex pUBOAMMBIX Jajiee MUKPO(QOHHBIX yCHIINTENel HOMUHAIBHBIA YpPOBEHb BXOJHBIX CUTHAJIOB paBeH | MB,
BBIXOJIHOE CONpOTHBICHHE He mpeBbimraeT | kOM, uTo oOecrmeyMBaeT XOpOIlee HX COIJIacOBaHHE C Y3JIaMH,
OIIMCAaHHBIMH JaJIee,

Muxkpodonnsnii ycunurenb Ha Mukpocxeme K548YHI1. Hambonmee mpocto TpeOyemble XapaKTepPUCTHKU
MHKPO(OHHOTO YCHIIUTENS MOXKHO Pean30BaTh Ha OCHOBE MUKpocxeM. ClieMaibHO CIPOSKTHPOBAHHAS IS 3ByKOBOM
TexHUKH MuKkpocxema K548YH1 mo3BosnsieT j1erko moayyuTs TpedyeMble mapaMeTphl IPH HEOOIBIIOM YHCIIE BHEITHUX
JIeMEHTOB. MUKpPO(OHHBIN ycHiInTenb Ha 3TOM MHKpPOCXEME HMEET CIIEAYIOUINEe OCHOBHBIE TEXHUYECKHE
XapaKTEePUCTHKH:

BxonHoe Hanpsbkenue:

HOMHHAJIBHOE............. 1 MB

MaKCUMAJIBHOE............ 30 MB

BrixomHOE HanpsKeHHUE:

HOMUHAIIEHOE. . 200 mB
MaKCHUMAIBHOE............ 6000 MB

[Teperpy3ounast ctocoOHOCTE, HE MEHEE ...... 30 nb
Koaddunmenr rapmonuk, He 6osee....... 0,2%
OTHOIIEHHE CUTHAI-IIIYM (HEB3BEIIeHHOE)..... 60 1b
HoMunaneHBIA HUana3oH 4acTor........ 20...20 000 I'g
Hanpspkenue nutanusl........... 24 B

Toxk norpebiieHus............ 10 MA

Cxema OFHOrO KaHajga 3TOrO YyCUIUTeNs npuBeaeHa Ha puc. 31. Muxpocxema DAl BkIOUeHa MO CXeMe
HEWHBepTHpYylomero ycunurensi. OTpunaTtenabHas oOpaTHas CBsI3b MO MOCTOSHHOMY TOKY (depe3 pe3uctopsl R3, R4)
OIIpEZIeTsIET PEXUM pabOThl MHKPOCXEMBI. YCWIEHHE [0 MNEPEeMEHHOMY TOKY OIpPENENsieTCs] COOTHOLIEHHEM
pe3uctopoB R2 m R4. JInsd yMeHbIIeHHS YpOBHS Imyma (IpuMepHO B 1,4 pas3a) MCHONB3yeTCS TOJNBKO OJUH W3
TPaH3UCTOPOB BXOAHOTO MU PEepeHIINATHHOTO KacKaa

MHUKpPOCXEMBI, 6a3a BTOPOro (BBIBOM 2 MUKpOCXeMbl DA ) coenrHeHa ¢ O0IHUM MTPOBOIOM.

Konpencaroper C/ u C4 ciyxaT ans pa3BA3KH 1O IOCTOSHHOMY TOKY HCTOYHMKA CHTHajla W Harpys3ku, C5
yCTpaHsET Mapa3suTHYIO CBSA3b 110 LETHN ITUTAHUSL.

MukpohoHHBII ycunuTenab coOpaH Ha YHU(HUUUPOBAHHON MOHTaXXHOW IUIaTe METOJ0M O0OBEMHOro MOHTaxa. B
ycrpoiicTBe ucnonb3ytor pesucropsl MJIT-0,125, konnencaropsr KM-4, KM-0, K50-6. Yeprex yHuduumupoBaHHoi
MOHT@)XHOM IIaThl IPUBEAEH Ha puc. 32.



Puc. 31. MpuHuMnuanbHas cxema MUKPOdOHHOro yeunutens Ha mukpocxeme K548YH1
3 25 581 omb. &1,
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Puc. 32. YepTexx yHU(pULMPOBAHHOW MOHTaXXHOMW NnaThbl

Jlnst IpOBEpKH yCHITUTENS HEOOXOIUM CTAOWIN3UPOBAHHBIM NCTOYHUK NMUTAHUS C BBIXOAHBIM HamlpspkeHueM 24 B,
obecrieunBaOUIMi TOK B Harpy3ke He MeHee 15 MA, Eciym MOHTaX BBINOJHEH MPaBWIBHO, & JETAIM HCIPABHBI,
YCUIIUTENb paboTaeT MpakTU4ecky O6e3 HaCTPOUKH.

Muxkpodonnslii ycmimureas Ha Mukpocxeme KIS53V/2. Ilpu OTCyTCTBMM CHELUANIBHBIX MHKPOCXEM
(K548YHI1A, K157YJI1) st MUKpOoQOHHOTO yCHIIMTEINS BIIOJIHE MOKHO HMcIoib3oBaTh OV Ha mukpocxeme K153V /12
obmero npuMmeHeHus. IIpy 3TOM yXyALIMTCS TOJIBKO OTHOIIEHWE CUTHAJI-IIYM, a OCTaJbHbIE ITapaMeTpbl OCTAHYTCS
MIPAaKTHYECKH 0€3 M3MEHEHNH MIIN J1ake HECKOJIBKO YJTydIIaTcs.

Taxoit MUKpO(OHHBIN YCHINTENh NMEET CIEAYIOIINE OCHOBHBIC TEXHUUECKHE XapaKTEPUCTHKH!

BxonHoe HampsikeHue:

HOMHUHAJIBHOE............ 1.5 MB

MaKCHUMAJIBHOE............ 3000 mB

BrixoaHoe HanpsikeHue:

HOMHHAJIBHOE............ 220 B

MaKCUMAJIBHOE............ 9000 MB

[eperpy3ounast ctocoOHOCTb, HE MEHEE...... 66 nb
Koaddunment rapmonuk, He Ooee....... 0O gg%
OTHONICHUE CUTHAI-IIIYM (HEB3BEIIICHHOE)...... 55 nb
HomuHaneHBIN AUana3oH 4acToT........ 20...20 000 I'g
Hanpspkerne nuTaHusL.......... +I5B

Tok motpebnenus............ 2 MA

Ha puc. 33 moka3aH yCHINTENb, BKIIFOUYSHHBIA M0 CXEME MHBEPTHPYIOWIETO ycrauTemns. HenHBepTHpyromuii BX0x
(BeiBOx 3) Mukpocxemsl DA/ monkirodeH K oOIieMy NmpoBoAy, a Ha MHBepTHpyouwi (BeBox 2} momaerca OOC,
Pa3IeapHO MO MOCTOSHHOMY M TIepeMEeHHOMY TokaM. OTpuIatesibHas oOpaTHas CBS3b M0 MOCTOSIHHOMY TOKY (depes
pe3uctop R4) crabuwimsupyeT pabouyro Touky ycwiutens. Perymupyemas OOC no nepemeHHOMY TOKY (1iernb R3, C2)
obecrieuynBaeT HOPMAIbHOE (PYHKIMOHHUPOBAHHWE YCWIIMTEIS, MPEIOXPAHSICT €ro OT Meperpy3kd mo Bxony. Ecmm
JIBIXKOK pe3ucTopa R3 HaXOAUTCS B KpaiiHEM JIEBOM I10 CXEME MOJIOKEHUH, BXOIHOE HANPSKEHUE MOXKET JOCTUTaTh 3
B u mpu 3TOM ele He HACTymaeT OTPaHWYCHUE CUTHAIA Ha BbIXojae. [Ipwm MakcHManbHOM yCWICHWH (IBHXKOK R3 B



KpaiHeM NPaBOM I10JI0)KEHHN) OIPaHUYEHNE BBIXOAHOTO HANPSKEHUS] HACTYIAET IIPH BXOJHOM HAIpPsDKEHUH 0Kouto 20
MB.

Konnencaropsl C/ nu C4 oOecrieunBaioT pa3Bsi3Ky IO MOCTOSHHOMY TOKY Ha BXoJie W Bbixozae y3na, C5 u C6
YCTPaHAIOT NapasUTHYIO CBA3b 110 LEIIW MUTaHUA.

Jnst MOHTaXka MHKPO(OHHOTO yCHIJIMTENS HMCIOJb30BaHbl YHU(QHMIMPOBaHHAs MOHTaXHas miara (cM. puc. 32),
pesucropst MJIT-0,125, CI13-12 nnu CII3-23 {R3), konnencatopst KM-4, KM-6, K53-1.
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Puc. 33. NpuHumMnuanbHasa cxema MMKpéq)OHHoro ycunutens Ha mukpocxeme K153y[12

Bwmecro mukpocxemsl K.153V /12 moxHO rcmons30Bath U Apyrue OY o0mero IpuMeHeHHs ¢ COOTBETCTBYIOIIMMU
nernsivu koppekrmn (K153Y 1, K. 140Y A7, K140V /8 u 1. 11.).

Juist paboThl yeunuTenss HeoOXOIUM CTaOMIN3NPOBAHHBIN ABYXIIOJSIPHBIN UCTOYHUK MMUTAHUS C HampsDKeHHeM +15
B, obecnieunBaromuii Tok B Harpy3ke He MeHee 15 MA. IIpu npaBUIBEHO BBIITOJIHEHHOM MOHTAXKE M HUCHPABHBIX JIETAJISX
y3en paboraeT 6e3 HaCTPOMKH.

Mukpodonnsiii ycunurens Ha OY ¢ MaoUIyMsIIIMM TpaH3UCTOpoM Ha Bxoje. Ha OV o01iero npuMeHeHUs] MOXHO
co3JaTh MHUKPO(OHHBIH YCHIIUTENb, HE YCTYNAIOMIMH MO NapaMeTpaM YCHIHUTENIO, IIOCTPOCHHOMY Ha 0ase
CHEUAM3UPOBAHHON MHUKpOCXeMbl. OJHAKO IIYMOBBIE CBOMCTBA TAaKOTO YCHJIUTENS MOJIYYarOTCs HEBBHICOKMMH. J[iist
YMEHBIICHHNA YPOBHA LIyMa, KaK U B CIydac MpeayCUIINTCIIA-KOPPEKTO-pa, Ha BXOA€ MUKPOCXEMbI MOKHO YCTaHOBUTH
MaJOLIy MU TPAaH3UCTOP.

MuKpoOHHBIN yCHIUTENb, COYETAIOUIMH yCcWINTENIbHBIE BO3MOXXHOCTH OV ¥ IIyMOBBIE XapaKTEPUCTHKU
JUCKPETHOTO TPaH3UCTOpa, IpUBeeH Ha puc. 34. OH UMeeT CIeIyIOIUEe OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKU:

Bxoanoe HanpskeHue:

HOMUHAIIBHOE............ 1 MB

MaKCUMAJIBHOE............ 45 mB

BrixogHoe HanpsbkeHue:

HOMUHAJIBHOE . . . ......... 200 MB
MaKCUMAJIBHOE............ 9000 MB

[Teperpy3o4Has cioCOOHOCTh, HE MEHEE...... 33 nb
Koa¢ddunment rapmonuk, He 6oiee ....... 0,06%
OTHONIEHUE CUTHAI-TIIYM (HEB3BEIICHHOE)..... 6G nb
HomunanbHblil 1HanazoH 4acTor........ 20 ...20 000 I'g
Hanpsoxenue nutanust
Tok motpebnenus............

Yceunurens MOXeT pabOTaTh Kak C HU3KOOMHBIM, TaK M C BBICOKOOMHBIM MHUKpo(doHOM. BxomHoil kackax Ha
MaJIOIIyMSIIEeM TpaH3ucTope V7] muraercst OT mapaMeTpUdecKoro crabuimsaropa HampspKeHus (cTabmnutpoH VDI,
pesucrop RI0), KOTOpPBHII OTHOBPEMEHHO OOecleYnBaeT HEOOXOANMYI0 (WIBTPALMIO IyNbCAIMA IHUTAIOIIETO
HanpspKeHus. [ 3alMThl OT MOMEX MOIIHBIX PaJUOCTAHIMN CHrHal Ha 0a3y Tpansuctopa V711 mocTtymaer depes
¢bunbTp HMKHHX 4YacToT R4C2 ¢ yacroroit cpe3a okono 3 MIm. Pexxum paboThl TpaH3UCTOpa CTaOWIM3UPOBaH
riyookoir OOC mo mocTossHHOMY TOKY (C BbIXxoja MuKpocxembl DAl uepe3 pesucrop RI/ B uenbp sMuTTEpa
tpansucropa V'T1). Heobxonnmerit koaddunment ycunenus (5... 300) ycraHaBIMBAIOT ITOJICTPOSUHBIM PE3UCTOPOM R7.
Bbnarogapst 6onpmomy 3amacy ycwieHus u riayookod OOC ko3(Q@UIIMEHT rapMOHHK HE NPEBBIMIACT COTHIX JI0JeH
npouenta, a AUX ycuinrens JuHeiiHa BO BCEM 3BYKOBOM JIMaIla30HE.

MoHTaX MHKPO(OHHOTO YCHJIUTENS NMPOM3BOAAT Ha YHHU(PHUIMPOBAHHOM MOHTa)XHOH IUIATE METOAOM OOBEMHOTO
MoHTaxa (cMm. puc. 32). Bmecro tpamsuctopa KT3102E wmoxkHo wucmome3oBath KT3102B, K.T315B, Bmecto
mukpocxemel K153V /12 — K153V/1, K140Y7, K140Y/A8 u mpyrue ¢ COOTBETCTBYIOUIMMH LEISIMH KOPPEKIIHH.
Pesuctopsr — MJIT-0,125, CI13-22(R7), konaercaropsl — KM-4, KM-6, K53-1.
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Puc. 34. NpuHuunuanbHaa cxema MUKpothoHHOro ycunurtens Ha OY

HanaxxuBaHue 3akitodaeTcd B NMPOBEPKE MPABUIBHOCTH MOHTaKa M YCTaHOBKE MOACTPOEYHBIM PE3UCTOpOM R7
HeoOXoauMoro ycuieHus. Jlias 53Toro, MOAKIIOUMB CTAOMIM3MPOBAHHBIM WMCTOYHHWK HampspkeHHeM =+15 B,
obecrieunBarOIMil TOK B Harpy3ke He MeHee 20 MA, Ha BXOJ] y3Jla C TeHEpPaTopa 3BYKOBOH YaCTOTHI MOJAIOT CHTHAJ
yactotoii 1 xI'm u Hanpsbkennem 1 MB. IlonctpoeuHbiM pesucTopoM R7 HampsbKeHHE Ha BBIXOAE MHUKPO(OHHOTrO
ycuiIuTensl yctaHaBiuBaroT B npezenax 200... 250 mB.

OUJIbTPLI

YacToTHast XapaKTEpPHCTHKAa BBICOKOKAYECTBEHHBIX YCHIMTENEH 34 mpocTupaercs OT €IWHUI Iepl] A0 COTHH
KHJIOTEPLL, 4TO 00ECIeUnBAET OYECHb Majble JIMHEIHbIe nCKakeHus. Ho 3To e 00CTOsTENnbCTBO MPUBOAUT K yCHUIICHHIO
TaKUX HEXENAaTeNbHBIX SABICHHH, KaK MPOXOXICHHWE MOMEX OT OIM3IEeKAIMX PaAMOCTAHIMN, YCHUICHHE TapMOHHUK
OTpaHMYEHHOI'0 CHI'HaJla U OCTaTOYHbIX HanpspkeHnd YIIY npuemHunka, momex ot BUOpaluid JBUraresns 3jeKkTpodoHa,
HarpsokeHust (GoHa oT ceth W T. N. [lodToMy HEoOX0AMMO, YTOOBI 3BYKOBOM CHTHAJ, IIPOXOASIIMN uepe3
BBICOKOKQUE€CTBEHHBIN 3BYKOBOCIPOU3BOIAIIHI TPAKT, ObLII OYHMILEH OT BCEX COIYTCTBYIOLIMX MOMEX.

st 9TOM 1enu B COCTaB 3BYKOBOCIHPOW3BOJAIIETO TPaKTa BBOJSTCS clienuaibHble GuibTpsl HkHUX (PHY) n
Bepxaux (®BY) uacror. Mx 3amaua — obOecneunts 3QQeKkTHBHOE MOIABICHUE COCTABIIONMX (OHA, IIyMOB U
Mapa3UTHBIX CUTHAJIOB B TOH 4acTU AMANa30Ha, [1€ OTCYTCTBYIOT COCTABISAIOIINE MOJIE3HOTO CUrHANA.

K BakHEHIMM mOKa3aTensM, XapaKTepU3YIOIINM CBOMCTBA (MIIBTPOB, KaKk M JPYTHX (DYHKIHMOHAJIBHBIX Y3JIOB
3BYKOBOCTIPOM3BOAAIIETO TPAKTa, OTHOCSITCS: BEJIMUYMHA, XapaKTepPHU3YIOIasi ClIOCOOHOCTh (DMIIbTPa YCHIMBATh CUTHAI;
CTENEeHb BHOCUMBIX (DMIIBTPOM HCKKEHHH; TMHAMHYECKNH TaIla30H; BXOJHbIE ¥ BEIXOAHBIC JaHHBIE.

OuibTpBl XapaKTepU3yIOTCs NapaMeTpaMy, aHaJOTMYHBIMU HNPHHATHIM U1 MUKPO(GOHHBIX ycuiauTeneid. U, xpome
TOTO, eIl IBYMsI CIIEIM(PUIHBIMI [TOKA3aTEeIIMA — YacCTOTON cpe3a M KpyTu3Hou craga AUX.

Yacmoma cpesa [I'1] — Touka nepernb6a AUX ¢mibTpa, B KOTOpoil KO3QGUITMEHT Tiepeadn u3MeHseTcs Ha 3 ab.
Jnst punbTpoB, TOCTPOSHHBIX Ha 0JTHO3BeHHBIX RG 1emnsix, yacrora cpesa

f.,=1/(2nRC).
Kpyrusna cniana AUX xapaxrepusyer ckopocts criazia AUX guibrpa oT Touku nepernda. OObIYHO OHA U3MepsieTCs
B Jieu0Oesax Ha OKTaBy.
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Puc. 35. dnekTtpuueckas cxema punbTpa HU3KUX (a) U BbICOKUX (6) 4acToT

Awmmumntyna Ha Beixone RC ¢uiprpa yOpIBaeT oT TOUkHM meperuda mponopuunonanpHo 1/f. [ToaTtomy B mpememax
OJTHOW OKTaBHI (COOTBETCTBYET M3MEHEHHUIO YaCTOTHI BJIBOE) OHA yMEHBIIaeTcs BABOe, T. €. RC ¢unbTp obecieunBaer
KkpyTusHy cnana AUX 6 nb ma okraBy. Ecnm mocienoBarensHo BKIfounTh 1Ba RC 3BeHa, KpyTH3HA Bo3pacTaeT Ao 12
b Ha okTaBy, eciu Tpu — 10 18 u T. a. OgHAKO 3TO CIIpaBeATIMBO IMPU YCIOBUH, KOT/1a PEAKTUBHAS COCTABIIAIOIIAS
MIOJTHOTO, BBIXOJHOTO COpOTUBIEHNs Kaxknoro RC 3BeHa paBHa HYIII0, @ BXOAHOTO — OECKOHEUHOCTH.

OnuH u3 cnoco0oOB YCTpaHEHHs B3aUMHOTO BIIMSHHSA KacKaJOB COCTOMT B TOM, YTOOBI KaX[blil IOCIETYOIINI
KacKkaJl MMeJ] 3Ha4YuTeJbHO OOJblliee MOJHOE BXOJHOE CONPOTHBIIEHHE, uYeM mpenpinymmid. Eme asddexkruBHee
UCIIOJIb30BaTh B KQUECTBE MEXKKACKaIHBIX Oy(epoB akTHBHBIE QUIILTPBI HA TpaH3ucTopax uim OV.

[onocoBoii ¢punbTp Ha MaccUBHBIX neMeHTax. Ha puc. 35,a nokazan ®HY Ha ocnose I'-o0pa3Horo RC nony3BeHa.
HanpskeHne Ha BBIXOZE€ Takoro (GuibTpa HEM3MEHHO OT CaMbIX HIDKHMX 4YacTOT JIO0 YacTOThl cpes3a fp, fo, =
1/(2nR1CI). Tlpu nanpHelIIeM yBeIMYEHUH YacTOTHI BBIXOJHOE HaNpsDKEHHE yMEHbBIIaeTcs NMponopuuoHansHo 1/1, T.
€. ¢ KpyTu3Hoi okoino 6 n1b Ha okraBy. Kak oTMmewanocs, mapamerpsl naccuBHbIX RC GHIBTPOB BecbMa KPUTHYHBI K



CONPOTHUBJICHUIO HArpy3ku R, m ucrodyHmka curHana R;. PacueTHble XapakTepucTHKH (DWIBTPOB JOCTUTAIOTCS IpPU
CONPOTHUBIJICHUU HATPy3KU R, cTpeMsiueMcs K OECKOHEUHOCTH M COIPOTUBICHUN UCTOYHHUKA CUTHANA R,, CTpeMsIIeMcst
K Hymo. TouHblii pacuer (QHIBTPOB C y4YeTOM KOHEYHBIX 3HaueHMH R, W 77. JIOBOJIBHO TPOMO3AOK, HO IUIsi
NpUOJIMKEHHBIX PACUETOB YaCTOTHI CPE3a MOXKHO BOCIIOJIb30BATHCS U IIPUBEACHHON paHee (GopMyJIIOH.

[TpakTHyecku 10CTaTOYHO, YTOO BBITOJIHSIIUCH COOTHOIICHHMSI:

R, =(10... 20) R1, R. = (0,05 ..,0,1) R1.

Ecmu B cxeme Ha puc. 35,a TOMEHITh MECTaMH PE3UCTOP M KOHAEHcaTop, To moydaetcs RC ®BY (puc. 35,6). B
ommune ot ®HY, ®BY nponyckaer 4acToThl BBIILIE YacTOTHl cpe3a f.p, HibKe 3Toit wacToTel AUX nmeer cnajn ¢ Ha-
kioHoM 6 b Ha okTaBy. Coenunsasa kackagao ®BY nu ®HY, M0OXHO MOCTPOUTH MTOIOCOBON (DIITBTP.

[IpakTHueckas cxema MoI0coBOro (GuibTpa mokasana Ha puc. 36. OH UMEET CleyIoIe OCHOBHBIE TEXHHUECKHE

XapaKTEPUCTHKH:
BxonHoe HampsikeHue:
HOMMHAJIBHOE............ 02B
MaKCUMAJIbHOE............ 4B
BrixoaHoe HanpsikeHue:
HOMMHAJIBHOE............ 0,16 B
MaKCHUMAJIbHOE............ 32B

Koaddunment nepenauu B nonoce nponyckanus .... 0,8
[eperpy3ounast ciocoOHOCTB, HE MEHEE...... 26 1b

Yacrora cpesa............ 0,1u7xl'y
Kpytusna cmaga AUX........... 6 nb Ha OKTaBy
Koa¢ddumment rapmonuk, He 6oree....... 0,08%

OTHOIIEHHE CUTHAI-IIIYM (HEB3BeIIeHHOE)..... 70 1b
Hanpspoxkenue nuranus
Toxk notpebiaeHwHs. ..........
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Puc. 36. lMpuHuMnuanbHas cxema HMU3KOYACTOTHOINO U BbICOKOYACTOTHOro (PUNLTPOB Ha
NacCUBHbIX 3f1IeMeHTax

OuIbTp HIHKHKUX YacTOT (€Tr0 BKIIIOYAIOT KHOMKOW SB1) ¢ wacToTol cpe3a okosio 7 K[’ cocTout u3 pesucropa R u
koHneHcaropa C/. Jlnsl yMEHBIIEHHS BIMSHUSL BXOJHOTO CONPOTHUBICHMS MOCJIEAYIOIIMX KacKaJOB Ha IapaMeTphl
(buIbTpa UCHONB3YETCS IMUTTEPHBIN IMOBTOPHUTENL HA TpaH3ucrtope V711, BXOAHOE CONPOTHB-, JIEHHME KOTOPOTO C
yuetom gaenutens R2, R3 oOpasyer Harpy3ky ¢wibTpa. OUibTp BEepXHHX 4YacTOT C 4acTOTO# cpe3a okoio 100 I'm
o0Opa3zoBaH koHzAeHcaTOpoM C2 W BXOIHBIM COIMPOTHBICHHEM Kackaaa Ha Tpansuctope VTI. Ero BKIOYAIOT KHOMKON
SB2. Konpencaropsl C3 u C4 UCcHoOIb3yrOTCS A pa3BA3KU [0 MOCTOSIHHOMY TOKY Kackaja Ha TpaHsucrope VT1.

[MockonmbKy camu (QUIBTPHI COCTOSAT M3 NMACCHBHBIX IIETICH, TO TaKWE MapaMeTpbl, Kak MaKCHMaJbHOE BXOIHOE
HalnpspkeHne, KodpQUIMeHT rapMOHHK, eperpy304Hasi ClIOCOOHOCTH U T. 1., ONIPEAEISIOTCS LEINKOM MOCIEAYOINMA
KacKka/laM¥ (B JAaHHOM CJIy4ae SMHTTEPHBIM IIOBTOPUTENIEM).

[MomocoBoii GumeTp coOpaH HA YHH(PHUIMPOBAHHONH MOHTaXHOH Iiate. B Hem mcmoip3oBaHbl pesuctopsl MJIT-
0,125, xonmencatopel KM-5, K53-1. JKemarempHO, YTOOBI TOYHOCTH AIIEMEHTOB, BXOMSAIINX HEMOCPEICTBEHHO B
¢bunsTpsl (R1, C1, C2), 6buta He xyxe 2%. Bmecto Tpanzuctopa KT3102B M0kKHO HCHONB30BaTh TAKIKE TPAH3UCTOPHI
KT315, KT342, KT203. B kauectBe nepeximouateneit SB1, SB2 momoiinyt o0kl Ha Ba monoxxeHus, Harmpumep 112K.

Jlnst mpoBepku paboThl PrIIbTpa HEOOXOANM CTAOMITM3UPOBAHHBIM NCTOYHUK MTUTAHMS HampspkeHHeM 15 B u TokoM
He MeHee 5 MA. [Ipu MoHTa)xe 6e3 OIIMOOK U «CIPABHBIX 3JIEMEHTaX (PHIBTP MPAKTHUCCKH paboTaeT 0e3 HaCTPOUKH.

YT1oOBI TOJIyYHTh TOYHOE 3HAUYEHHE YacTOT Cpe3a, MOCTYHalT cieayromuM obpaszom. B ®HY pesucrop RI
BPEMEHHO 3aMEHSIOT IEPEMEHHBIM pPEe3UCTOpOM, mapaienbHo C/ MOIKIIOYAIT OcHWLIOrpad WM BOJIBTMETP
nepemeHHoro toka. Ha Bxox ¢mibTpa ¢ reHepatopa 3BYKOBBIX YacTOT IOAAETCs CHTHAJI YacTOTOM, paBHOM fcp.
[oncrpanBast mepeMeHHBIN pe3ucTop, nobuBaroTcs, 4ToOb! HanpsbkeHne Ha C/ crano paBHbIM 0,7 Uy,. Iocne storo
MEePEMEHHBI PE3UCTOpP 3aMEHSIOT Ha COOTBETCTBYIOUIMM moctosiHHbIA. Hactpoiika ®BY npous3BoauTCcs aHaIOTHYHO
mobopom KoHAeHcaTopa C2. HanpshkeHne KOHTPOIMPYIOT Ha BRIXOE (DHUITBTpA.

OuneTp BepxHux actorT Ha OY K153V 2. [TaccuBHbie RC GUIBTPH UMEIOT 3HAYHUTEIFHOE 3aTyXaHUE, MATyIo
kpytu3Hy cmaga AUX, a cama AUX 3aBHCHT OT BHYTPEHHETO CONPOTHBIICHHS HWCTOYHHWKA CHUTHAJIa M HArpy3Kd B
Mpeenax IOoJIockl mpomyckanus. s ymyumeHus mapamerpoB RC (QuubTpoB K HUM IIPHUCOEAWHSIIOT aKTHBHBIC
JIeMeHTsl — TpaH3uctopsl mwan OV, paOoraromye B MpOCTEHIIEM cClydae MO cXeMme MoBTopurens. Tak Kak



TOBTOPUTENH HE MeHseT (a3bl BXOIHOrO curHaia, To naccuBHoe RC 3BeHo Brimodarot B 1ienb [IOC. DTUM yacTHIHO
KOMIIEHCHUPYIOT TIOTePH CHTHAJIa M MOBBILIAIOT KpYTU3HY criaza AUX Bcero ¢uibTpa.

COHpOTl/IBJ'leHI/Ie PE3UCTOPOB U EMKOCTb KOHACHCATOPOB B aKTUBHBIX q)HJ]I)Tan CpaBHUTECJIBHO HGGOJ'H)LLII/IC JaXXKe Ha
O4YC€Hb HU3KUX YaCTOTaX, BCICACTBUEC UCTO KOHCTPYKIHA aKTUBHBIX (l)I/lJ'lepOB MoJIyyacTecs KOMITaKTHOM.

OunpTp BepxHUX yacToT Ha OY K153V /12 umeeT cienyronue OCHOBHbBIE TEXHUYECKHE XapaKTePUCTUKHU:

BxozaHoe HarpshkeHue:

HOMMHAJIBHOE........... 0,2B

MaKCHUMAJIBHOE.......... 8B

BrixonHoe HampspKeHUe:

HOMHUHAJIBHOE........... 0,19 B

MaKCHMAaJbHOE.......... 7,6 B

Koaddunuenr nepenauu B nosnoce nponyckanus . . 0,95
[eperpy3o4nas ciocoOOHOCTh, HE MEHee . . . . 32 1b
Yacrora cpesa........... 40 u 100 I'ng

Kpyrtuszna cnaga AUX......... 6 1 12 nb Ha okTaBy
Koaddunment rapmonuk, ve 6onee...... 0,07%
OTHOINICHUE CUTHAN-IITYM (HEB3BEUICHHOE) . . . . 66 nb
Hanpsbxkenue nuranus +15B

Tok motpebneHus . . . . ,..... 10 MA

Ha puc. 37 npuBenena cxema storo ®BUY. OH cocTOUT U3 MOCIE0BATENEHO coequHEeHHBIX nmaccuBHOro RC ®BY nHa
ocHoBe ['-06pazHoro 3BeHa C2R2 u cobctBeHHO akTHBHOTO C3C4R3R4DAI ®BY BTOporo mopsaka. Takod (GuibTp
(umu punbTp BarTepBopra) obnanaetT MakcuManbHO mockoi AUX B mpeziesniax moJjochl MpomyCcKaHusl.

IIpn Haxxatum Ha KHOMKy SBI Bkimowaercs maccuBHBI RC ¢mastp C2R2R4 ¢ gactoroit cpe3a okono 100 I'm,
uMeroIuil kKpyTH3Hy cnaga 6 n1b Ha okraBy. Haxkatne Ha kHONKy SB2 mpHBOAUT K BKIIOYeHHIO akTHBHOro ®BUY.
TouHbIl pacueT Takoro (GuiIbTpa CI0XeH, HO NPU HEKOTOPBIX AOMYIIEHUX pacdeT yrnpoluaercs. Hanpumep, npuHuMas
C3=C4 = C, R3=R4/2, R4 MOXHO NPUOIKEHHO OIPEICIUTH 110 (hopMmyJie:

R4 = 0,707/(nfcp C).

B nanHOM cnyyae GuibTp mMeeT dacToTy cpe3a okojo 40 I'i. Kpyrusna cnama ero AUX 12 nb Ha oktaBy. IIpu
Ha)KaTHU Ha 00€ KHOIIKY BKIIIOYAIOTCSI TACCHBHBIN M aKTHUBHBIA (DUIIBTPHI, pH 3TOM Hibke yacToTsl 20 ' Hakiion AUX
yBenuuuBaetcs 10 18 nb Ha okraBy.
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Puc. 37. MNpuHuunuanbHasa cxema BbICOKOYAcTOTHOro ¢hmnbTpa Ha OY K153Y[2

st MmonTaxa QuibTpa ucrons3oBaHa yHUpuImMpoBanHas ara. [lepexmtodarenn SB/ u SB2 mMoryT ObITh J11000T0
THNAa Ha jABa rnojoxeHus, Hanpumep [12K HomuHans! KoHIEHCATOPOB 1 PE3UCTOPOB, BXOAAIINE B (DMIIBTP, HOJDKHBI
nMmeTs TouHOCTh 2%. Bmecto mmkpocxemsr K.153V/I2 moxHO ucmonb3oBaTh mo0ble OV ¢ COOTBETCTBYIOIMMHU
nensmMu koppekmmu, Harpumep, K153V 11, K140V 17, K140V 8.

s mpoBepkm paboThl  GUIBTpa HEOOXOIUM CTAOMIM3UPOBAHHBIA IBYXMOJSAP-HBIH HMCTOYHUK HHUTAHUSL
HanpspkeHreM £15 B u Tokom He menee 10 MA. [Ipu ucrons30BaHnU B GUIIBTPE 3JIEMEHTOB C TOYHOCTBIO He Xyxke 2%
HacTpoiika He Tpebyercsa. Ecnm Takue neranm mogodpare HE yAasloch, MOCTYHANOT CIEAYOIUM oOpa3oM. Brauane,
HOJIB3YSICh PEKOMEHIALMSIMU 0 HACTPOMKe I10JIOCOBOTO (uibTpa, HactpauBatoT naccuBHblii RC ¢unstp C2R2R4
(xHonka SBI Haxara). 3aTeM, OoTKIIO4YMB naccuBHbIi RC GuibTp, BKiItouarotT aktuBHbIA. [logoupas konnencaropsl C3
u C4, nobusaroTcs, 4ToObI HanpsKeHHe Ha Beixoje GunbTpa Ha yactote cpesa (fy, = 40 I') cocrasnsno 0,7 Uy. Ha
9TOM HaCTPOMKa 3aKaHYMBACTCS.

@unptp HWwKHEUX vactor Ha OY KIS3V/2 (puc. 38). OH wumeer crneayrolmyie OCHOBHBIE TEXHHYECKHE
XapaKTEePUCTHKH:

BxoaHoe HanpskeHue:
HOMMHAJBHOE....... . ...... 0,2 B
MaKCUMAJIbHOE.......... 8B



BrixogHoe HanpsbkeHue:

HOMMHAJIBHOE........... 0,19B

MaKCHMAaJIbHOE.......... 7,6 B

Koa¢pduumenr nepenayn B nosoce npormyckanus . . 0,95
[eperpy3o4nas cnocoOHOCTh, HE MEHee .... 32 1b
UYacrota cpesa........... 10 u 20 k'

Kpytusna cmaga AUYX......... 6 u 12 nb Ha okTaBy
Koaddunment rapmonuk, ve 6onee...... 0,07%
OTHOMIEHHE CUTHAI-IITYM (HEB3BEIIEHHOE) .... 66 1b
Hanpsoxenue nutanus......... +15B

Tok motpebneHus.......... 10 MA
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Puc. 38. NMpuHuunuanbHaa cxema HU3Ko4actoTHoro counbTpa Ha OY K153Y[2

Ecimu moMeHsTh MecTaMu pe3ucTOpbl U KoHaeHcaTopsl, To ®BY (cM. puc. 37) mpeodpasyercst 8 ®DHU (puc. 38).
Onementsl R2, C2, C4 obpasyrot naccuBublii ®HY ¢ xpyTnsHoii cnaga AUX 6 nb Ha okTaBy M 4acTOTOI cpe3a OKoJI0
10 xI'u, a snementsl R3, R4, C3, C4, DAI Bxonar B aktuBHbii ®HY c nHaknonom crnaga AUX 12 nb Ha okTaBy u
4acToTOH cpe3a okoino 20 k. YHpomeHHsIH pacueT akTUBHOIO (prIIbTpa MOXKHO-TIPOM3BECTH, TpUHUMasi R3=R4=R un
C3=2C4; emxocts! koHneHcaTopa C4 onpenenstor no Gopmyne: C4 = 0,707/(2ufc,R).

OnHOBpPEMEHHOE BKJIIOUEHHE AaKTHBHOTO M IIaCCHBHOTO (MIBTPOB obecneunBaeT Ha vactoTax Bbime 20 kI
kpytusHy craga AUX ¢unsrpa 18 nb Ha OKTaBy.

Koncrpykuus u geranum B @HY Takume xe, kak u B ®BY #Ha OV K153V/]2. OuipTp HaNaXWBAOT B TaKOH JKe
MTOCTIEIOBATEIBHOCTH, UYTO U MPENbIAyIwid GribTp. YacTOTHI cpe3a YCTaHABIHUBAIOT, IIOAOMPAs pe3UcTOpsl R2 — R4.

PEI'YJISATOPBI T POMKOCTHU, BAJIAHCA
U PEXXUMA «MUHTUM»

PerynsaTopbl TPOMKOCTH SBISIOTCSI HEOTHEMJIEMOW 4YacThIO JIO00TO 3BYKOBOCHPOM3BOJSINETO YCTPOWCTBA M
MpeJHa3sHaueHbl JUIl PETYIMPOBAHUSA YPOBHS 3BYYaHHs aKyCTUYECKHX CHCTEM IPH BOCIPOM3BEICHHH 3BYKOBBIX
curHanoB. s crepeooHHUECKHX CHCTEM O0s3aTeNbHBIM SBIAETCS TAKkKe DEryjiarop crepeobanaHca, KOTOPBIH
CIly’)KHT IJIsl TUIaBHOTO HW3MEHEHHUS COOTHOILIEHHWsS YPOBHEW 3BY4YaHUS IPAaBOrO M JIEBOIO KaHAIIOB, ITO3BOJIAA
nepeMelaTbh B IIPOCTPAHCTBE CTEPE030HY. Hepenxko B COBPEMEHHBIX 3BYKOBOCIIPOM3BOSIIMX YCTPOMCTBAX TaKXkKe
UCTIONB3YIOT pexkuM «MHTHM» mmn « — 20 nb», cHumKarouMii ypoBeHb cUrHajia ckaukoM B 10 pa3 uTo co3maer
OoJibllIME DKCIUTyaTallMOHHbIE YA0OCTBa (NMpH pas3roBope MO TeneoHY, KOHTPOJLHOM IPOCIYIIMBAaHWHU, BbIOOpE
MY3BIKQJIBHBIX TIPOTPaMM H T. IL.).

W3BecTHO, 4TO M3-32 OCOOEHHOCTEH OPraHOB CllyXa 4eJIOoBeKa NPW YMEHBIICHWH YPOBHS TPOMKOCTH HaOJomaeTcs
yXYIIIEHNE BOCIPHUATHS HU3IIMX M BBICIIMX 3BYKOBBIX 4acTOT. [03TOMy OOBIMHO NMPHMEHSIOT TOHKOMIIEHCHPOBaHHbIE
peryJsiTOpsl TPOMKOCTH, KOTOPBIE OJHOBPEMEHHO C YMEHBIIEHHEM WM YBEIMYEHUEM TPOMKOCTH M3MeHsAI0T AUX
YCHJIMTENIBHOTO YCTPOMCTBA TakuM 00pa3oM, 4TOOBI OHa COOTBETCT-' BOBaJa INMMPOKO HM3BECTHBHIM KPUBBIM PaBHOM
rpoMkoctH [8]. CTaHmapTH3MPOBaHHBIE KPHUBBIE PABHOM I'POMKOCTH HPHUBOAATCS B PEKOMEHAALMAX MeXIyHapomgHOH
opranmzanuu crangaptusanuu (M1CO).

CxeMHbIE pElIeHHs PEryIsTOpOB IPOMKOCTH U OanaHca 6a3upylOTCs Ha pe3HE-THBHBIX ACIMUTEINSX HANpSOKEHUS, B
Ka4deCcTBE KOTOPBIX HCIIONB3YIOT IEepeMeHHble Wwin | TmocTosiHHBIE pe3ucTopbl. K mepeMeHHBIM pe3ncTopam
HPEABSBISIOT CIIEAYIOLIHE Tpe-: O0BaHUs: OJIM30CTh K HYJII0O MUHUMAJIBHOTO PETYJIMPYEMOT0 CONPOTUBIICHHUS; TIJIABHOE,
(6e3 ckauKoB) M3MEHEHUE CONPOTHBIICHUS MTPH NEPEMEIIEHHH JIBUKKA PE3UCTOPOB € (DYHKIIMOHAIBHON 3aBUCUMOCTHIO,



MIOJUMHSIONICHCS TTOKa3aTebHOMY 3aKoHY (Tpymma B); oTcyTcTBHE IIyMOB M INENYKOB; MACHTUYHOCTH W3MEHEHHMS
CONPOTHUBJICHUH NPH UX PEryJHPOBAaHUU (U COBOEHHBIX PETYIATOPOB B cTepeoOHMUYECKHX cucTeMax). [Ipenemnst
IUIABHOTO  PETYJIUPOBaHHUA TPOMKOCTH ONPEAEISIOTCS  JUala30HOM IUIABHOTO H3MEHEHMS  CONPOTUBIECHUS
UCIIONb3YeMBIX IepeMeHHbIX pe3uctopoB. Ilpumensemsle B Y3U pesuctopsl CII3-12 umeroT nuamas3oH MJIaBHOTO
uzmenenus no 60 b, CII3-12a-1 — g0 80 nb. OgHAaKO NPOMBINUIEHHBIE TOTEHIIMOMETPhI HE BCEr/la YIOBIETBOPSIOT
TIepeurcIIeHHbIM TpeOoBaHusIM. Pa3banaHc conpoTuBiIeHHH CIBOSHHBIX ITepeMeHHbIX pe3uctopoB Thnos CI13-23, CII3-
12, CII3-4, nanbosee 4acTo MCHOIb3YEMBIX JUIsi TOHKOMIIEHCUPOBAHHOM PEryJIMpOBKH I'POMKOCTH, Aocturaet +3 b, a
W3MEHEHHE UX CONPOTHBIICHUS U3-3a JIOPTa ABMXKKA WK OCH +6 nb. DTO NpUBOAMT K pa3zdanaHCy ypOBHEH CUTHAJIOB B
KaHaJax CTePEOYCWIHTEINS MPH PEeTryTUPOBAHUN TPOMKOCTH M K paccoriacoBaHmio AUX, ocoOCHHO 3aMeTHOMY Ha
MaJIOH U CpeHEN IPOMKOCTH.

OT yKka3aHHBIX HEJOCTATKOB CBOOOJICH CABOCHHBIN CTYNEHUYAaThIi TOHKOMIICHCHPOBAHHBIM PETYISITOP TPOMKOCTH,
MIOCTPOEHHBIH Ha AMCKPETHBIX PE3UCTOpPaX M MHOTONO3MIMOHHBIX Iepekmodarensx [9]. B mocinennme romsr c
pa3BUTHEM MHTETPAIbHOM TEXHOJIOTHM M CO3JaHMEM HOBOM 3JIEMEHTHOW 0a3bl IOIYyYarT pPacHpOCTPaHEHHE
3JIGKTPOHHBIC PETYJISTOPbl TPOMKOCTH M OanaHca Ha TOJeBbIX Tpan3ucropax, KMOII kommyraropax, KMOII
MYJIbTUIUIEKCEPAX, a TAKXKE CIEeNHaIbHBIX MUKpocxeMax (Hampumep, K174YH12).

Kpome oOIIENpHHATHIX XapaKTEPUCTUK JJIsl KacKaja peryJMpoBaHHs CHELU(pHUYECKOH sBiseTcs INyOuHa
pEeryJaMpoBaHusl TPOMKOCTH — OTHOLIEHHWE HOMHHAJIBHOTO BBIXOJHOTO HANPSDKEHHS K HANPSHKEHHIO Ha BBIXOJE NPH
MOJIOKEHUH PETYIISATOPA IPOMKOCTH, COOTBETCTBYIOIIEM MUHMMAIbHON TPOMKOCTHU B MpeJeNiaX MIaBHOM PeryIupOBKH,
BBIpaKEHHOE B Jlennoernax.

PaccMoTpuM BapHaHTBI CXE€M PETYIHPOBKH IPOMKOCTH 1 OajlaHCa ¢ IPUMEHEHNEM PAa3IMIHON JIEMEHTHON Oa3bl.

TumoBoi KackaJa peryJMpoBaHHs TPOMKOCTH M 0ajlaHCa Ha TepeMeHHBIX pesucropax rpynn B m A. B kxadectBe
MIPOCTEHIIIEr0 PETYIsITOpa TPOMKOCTH MOXKET CIYXHTh OOBIYHBIA TEPEMEHHBIH PE3NCTOp, BKIFOUCHHBIH IO CXeMe
Jenurtens HanpspkeHus. OJHAKO HEKOTOPBIE OCOOEHHOCTH CIIyXOBOTO BOCHPHSITHS 3BYKOBBIX JIaBJICHUH-pPa3IHYHBIX
4acTOT TPeOYyIOT YCIOKHEHHUS 3TOr0 KackaJa B yCHINTEISIX BBICOKOTO Kiacca. UyBCTBUTENBHOCTD yXa, MaKCUMalIbHAS
Ha CPEIHHMX YaCTOTaX, MaJacT HI HU3MIMX M BBICIIMX YacTOTax. [Ipy yBETMUEHHH YPOBHS T'POMKOCTH UyBCTBUTEIIb-
HOCTh yXa B 00JIaCTH HHM3IIMX YacTOT 3aMETHO Bo3pacTaeT. B 00iacTH BBICHIMX YacTOT YyBCTBHTEIBHOCTH TAKXKe
BO3pacTaeT, HO €€ POCT 3HAUUTEIBHO 3aBUCHUT OT WHIUBHIYAILHBIX OCOOCHHOCTEH CilyXa KaXKAoro 4yesaoBeka (0COOeHHO
3aMeTHa 3aBUCUMOCTh BOCHPHUATHS BBICIIMX YaCTOT OT BO3pacTa).

WNuaue roBOps, U3MEHEHHE YpPOBHS 3BYKOBOTO JaBICHHS BBI3bIBAET H3MEHEHHE CHEKTpa CUTHAIa,
BOCIIPHHMMAEMOT0 4esloBeKOM. [1oaToMy, 4TOOBI CyOBEKTHBHOE BOCIIPHATHE TPOMKOCTH U3MEHSIIOCH BO BCEM CIEKTpE
YacTOT MPONOPLHMOHAIBEHO, HEOOXOAMMO CKOPPEKTHPOBAaTh YacTOTHYIO XapaKTEPHCTHKY PETYIATOpa TPOMKOCTH
(BBECTH Tak Ha3bIBaEMyI0 TOHKOMIICHCALIMIO) TAKUM 00pa3oM, 4TOOBI C yMEHBIICHHEM YPOBHS 3BYKOBOTO JaBIICHHS
YBEIMYHMBAICA TOABEM B 0O0JACTH HU3IIMX M BBICIIMX 4YacTOT. Kpome Toro, jkenaTenbHO PaBHOMEPHO H3MEHSTh
OTHOCHTEIIbHYIO TPOMKOCTh TPH JITHEHHOM MEepPEMEIICHUH peryiupyomero y3na. M3 skcnepumenTtoB n3zBectHo [10],
YTO CyOBEKTUBHOE OLIYIIECHHE IPUPAIEHNS TPOMKOCTH 3aBHCUT OT YPOBHS 3BYKOBOTO JaBlieHHUs. [Ipyu ManmbIX ypoBHIX
CUTHaJa OJMHAKOBOMY IIPHPAIIECHHIO 3BYKOBOTO JaBJICHHA CyOBEKTHBHO COOTBETCTBYET OOJblIEe MpUpAIICHHUE
TPOMKOCTH, YeM TpH OOJBLIMX YPOBHSX cUrHajia. [loaToMy [uist monyueHns: paBHOMEPHOH CyObEeKTHBHOW PEryJIMPOBKH
TPOMKOCTH TpeOyeTcsl HeJIMHEIHOE peryiMpoBaHHe 3BYKOBOT'O JaBJCHUSI. DTUM TPeOOBAHUSIM OTBEYAIOT NEpEMEHHBIE
PE3UCTOPHI ¢ MOKA3aTeNbHOM 3aBUCUMOCThIO( Ipymisl B), uMeroriye oTBOIBI 111 TOHKOMITEHCALIUH.

[Ipu perynupoBke crepeobananca, 4ToObl COXpPAHUTh IOCTOSTHCTBO OOIIET0 3BYKOBOTO JIaBJICHHSI B 000MX KaHanax,
ociabyieHne YPOBHS CUTHajla B O/THOM KaHajle HeOOXOIMMO KOMIIEHCHPOBATh YBEIMYEHHEM YPOBHS CUTHAJIA B IPYTOM.
JUis 3TOra MOXHO MCIIOJIb30BaTh HIMPOKO PACIpPOCTPAHEHHBIE NEPEMEHHBIE PE3UCTOPHI C JIMHEHHON 3aBHCHMOCTBIO
(rpynmmer A). TlpumeHeHue crenmaibHO pa3pabOTaHHBIX UL PETYIHPOBKAa cTepeoballaHCa MOTEHIIMOMETPOB C
3aBuCcUMOCTBIO (Tpymmel E/M) mo3BonsieT yMEHBIINTH MOTEPU CHTHAJIa M CyOBEKTHBHO 0oJee IIABHO PETyIHUpOBAThH
cTepeodanaHc.
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Puc. 39. MpuHUuMNuanbHaa cxema perynsaTopoB rPOMKOCTU U 6anaHca Ha noTeHUMoMeTpax Tuna B
nA

Ha puc. 39 npuBeneHa cxema peryasTopa I'POMKOCTH, B KOTOPOM Y4YT€HB! clenaHHble 3aMmedaHus. OH uMmeer



CJIIEAYIOIINE OCHOBHBIC TEXHUYICCKNE XapaAKTEPUCTHUKU:

HoMuHanbHOE BXOIHOE HAIPSAKEHHUE.........
HomuHaneHOe BBIXOJHOE HAIIPsDKEHHE
I'nyOuHa peryIupoBKH IPOMKOCTH........ 40 nb

Tonxomnencanust (pu yposHe rpomkocti — 30 1b) Ha yacrore:
100 I, 6 1b

10 K[ 4 nb

Pesucrop R/ W COOTBETCTBYIOIIUI eMy B IPYyroM KaHalle YMEHBIIAIOT B3aWUMHOE BIHSHHE KAHAIOB B PEXAME
«Mono». Pesuctop R2 ¢ 3aBUCUMOCTBIO A oOecredmBaeT pEryJIupoBKy crepeobamanca. IlocrmemoBarensHO
BKJIFOYCHHBIH pe3nucTop R3 MO3BOJSET YMEHBIIUTH OTEpH cuTHaNa 110 3 1b (mpu ero oTCYTCTBHM MOTEPH BO3PACTAIOT
no 6 nb). Knonko# SB2 BKJIIOYAOT PE3UCTUBHBIA AenuTenb R4, RS, ymeHpmaroumid curnan B 10 pa3. I'poMkocts
PETYJIMPYIOT MEPEMEHHBIM PE3UCTOPOM R7, K OTBOAY KOTOpOro (MpH HaXaTOW KHOMKe SB3) MOAKIOYAeTCs IElb
TOHKOM-TICHCAIHH.

VY3es peryaupoBoK coOpaH Ha BBIBOAAX IEPEMEHHBIX Pe3nCTOpoB M nepekiouateneid [12K. MoHTax BbINOTHEH
9KpaHHpoBaHHEIM TpoBojoM MI'TIB3-0,2. Perymstop crepeobananca — CII3-12r ¢ 3aBHCHMOCTBIO A; PEryisiTop
rpomkoctd — CII3-121 ¢ 3aBucumocthio B; ocranbable pesuctopsl MJIT-0,25; xonnencatopst KM-5, KM-6,
nepekirogaren — [12K ¢ HezaBucuMoit pukcamuei.

HanaxwnBanne y31a B OCHOBHOM COCTOUT B MIPOBEPKE MPAaBUIHPHOCTA MOHTaXKA.

Perymstop rpoMkocTHm W OamaHca Ha NepeKIIOYATENIX TalleTHOro Tuma. Kak yke yKa3bIBalnoch, pasbanaHc
COIIPOTHUBIICHIH CABOEHHBIX MEPEMEHHBIX PE3UCTOPOB JOCTHTaeT +6 nb, 9To BEI3BIBaeT pazbanaHC YPOBHEH CUTHAIOB B
KaHanmax M paccornacoBanne AUYX mpu BBeneHWH TOHKOMIeHcanud. KodhduuueHT ycuieHHs KaHajJOB MOXHO
BBIPAaBHUTH PETYIATOPOM cTepeodananca, HO cOamaHcupoBate AUX ¢ moMomnipio OOBIYHBIX OPraHOB YIIPABICHHS HE
ynaercsi. Kpome Toro, Hepeko ObIBaeT AOBOJIBHO CIIOKHO HAWTH CIBOSHHBIA PE3UCTOP C HEOOXOIUMBIM HOMUHAJIOM H
3aKOHOM PEryJHpOBaHus rpoMKocTH. OT yKa3aHHBIX HEJJOCTaTKOB CBOOOJIEH PEryJIsiTOp TPOMKOCTH Ha 0a3e rajleTHOro
HepeKIIIoYaTeNsl, O3BOJIIFOIIMN CO3/1aTh HEOOXOAMMBI 3aKOH PEryJIMpPOBaHMUS U IPH MOMAPHOM HOA00PE pE3UCTOPOB
JICTIUTEIISl IMETh HE3HAUNTEIIbHBINA pa30aaHCc KaHaJIOB.

Kak wu3BecTHO, WCHONB30BaHUE Ui PETYIMPOBKM CTepeoOajaHca MEepeMEHHBIX PpEe3UCTOPOB C JIMHEHHOH
3aBHCHMOCTBIO BBI3bIBACT 3HAUNTENbHOE OociabiieHne curuaia (okoso 6 nb). [IpuMenenue cnennanbHBIX PE3UCTOPOB C
3apucuMocThi0 E/Ml He Bcerma BO3MOXHO M3-32 OTCYTCTBHS HEOOXOMUMBIX HOMHHANIOB. [locTpoeHme perymsTopa
Oanmanca Ha 0a3e TaJeTHOTO IMEPEKII0YATeNs TaKKe MO3BOJISIET JIETKO HMOJIYYHTh «IEPEMEHHBIH PE3UCTOP» HYKHOTO
HOMHMHAJIA C TPeOyEeMBIM 3aKOHOM PEeryJINPOBAHHUS.

C y4eToMm cKa3aHHOTO, pa3pabdoTaH PETYIITOP TPOMKOCTH M OajaHca ¢ IPUMEHEHUEM MepeKiIouaTesNieil TaJeTHOTo
THIA, CX€Ma OJHOTO KaHaja KOTOporo mokazaHa Ha puc. 40. OH WMeeT cieIyloulie OCHOBHBIE TEXHHYECKHE
XapaKTePUCTHUKHU:

HomuHanbHOE BXOJHOE HAMIPSIKEHHE.......... 200 mB

HomunanbHOE BBIXOIHOE HAIIPSIKEHHUE......... 200 mB

I'myGuHa perynnpoBKH IPOMKOCTH . . . . . . . . , 60 1b

Tonkomnencanust (ipu yposHe rpomkoctit — 40 1b) Ha wacrore 100 I'm................ +8 nb
PerymmpoBka crepeobanaHca........... +8 nb

PerymsiTop TpOMKOCTH COCTOMT W3 AETHTENS Ha pesuctopax R/ — R22 wu ranerHoro mepeximodarens SAI/ Ha 23
NOJNOXKEeHUA. PacyeT Takoro peryniaropa I'DOMKOCTH MOXKHO IIPOM3BECTH CleNyIomuM obpasom. [ns moGoro
MIOJIOKEHHS ABMIKKA MEPEKIIIovaTeNs 3aTyXaHus a,, B Ae[ubenax onpenensercs Kak

Gy = —201g [(R/+R2+ rn+ Ra)/RI= —201g | 3] Rl)/ R,

fa=]
rae R — obmiee TpedyeMoe COPOTUBIICHUE NETUTENS; N — HOMEP MOJIOKEHHS JBIDKKA epeKITF0oUaTes.
BribpaB 3HaueHWs R (M3 yCIOBHS COTJIACOBAHUS C YCHJIMTENBHBIM KacKagoM) ¥ 3aTyXaHUs a; UIT KaKIOTro
ITIOJIOKCHU A nepeKn}oaneHﬂ, 3TO ypaBHCHI/Ie MOXHO peH.II/ITI) I KQXXI0Tro peSI/ICTOpaI
R1=R.10—%/2
n—1

Rp=R 107 S Ry,

=i
rae n=2, 3, ...
[Ipu paBHOMEPHOM ILIAre 3aTyXaHus
a;=al— (m—1) [a,
rae ai — MaKCHMallbHOE 3aTyXaHWe AEJIHTeNsl peryisropa (BbIOMpaeTcs M3 YCIOBUS HEOOXOAMMOW TIyOWHBI
peryaupoBanusi); Ja — miar 3aryxanus; Ha=a,/(N — 1), rne N — MakCHUMalbHOE YHCJIO IOJIOKEHUH JBHKKA
HepEeKIIIoYaTeIs.



PaccunrtanHble conpoTUBIEHUS perynsaTopa rpoMkocTtH mpu R = 10 kOwm, ai = =60 n1b u N=23 npuseneHs! B Ta0I. 2.
C yueToM 0COOEHHOCTEN CITyXOBOTO BOCIIPHATHS AT 3aTyXaHuA [la mepBhIX TPeX MOJIOKEHUH MepeKITrodaTelis BEIOpaH
paBHbIM 6 1b, cnenyrommx tpex — 4 nb, octanbHbIX — 2 ab. Pe3uctop R23 u COOTBETCTBYIONIMN €My BO BTOPOM
KaHaJIC CJIyXKaT JJid YMCHBIICHUA B3aMMHOI'O BJIMSAHUA KaHAJIOB U IJIsI BbIPABHUBAHUSA 3BYKOBOT'O JABJICHUS B PCKHUME
«MoHo». Perynsarop OanaHca BbINOJHEH Ha pe3uctopax R24 — R29 u nepekmouarene SA2. Lens Tonkoppekunu Cl,
C2, R32 nokioyaroT KHOKou SB3.
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Puc. 40. MpuvHuMnNnanbHasi cxema perynAaTopa FPOMKOCTUM M OGanaHca Ha nepekntovyaTensax
raneTHoro Tuna

Taoauma 2
Homunan
n a,,]1B Paccunranno 110 IIKATe n a,. 1B Paccunranno | Homunas no
b e K,.O0m v eR,.Om |mxkano E, Om
E, Om
1 60 10,00 10 12 20 205,67 200
2 54 9,95 10 13 18 258,92 270
3 48 19,86 20 14 16 325,97 330
4 42 39,62 39 15 14 410,37 430
5 38 46,46 47 16 12 516,63 510
6 34 73,64 75 17 10 650,38 680
7 30 116,70 120 18 8 818,79 820
8 28 81,88 82 19 6 1030,80 1000
9 26 103,08 100 20 4 1297,70 1300
10 24 129,77 130 21 2 1633,71 1600 -
11 22 163,38 160 22 0 2056,72 2000

MoHraxx y3ma BBINOJIHEH Ha BBIBOAAX Hepekmouarened. B kadectBe nepexmrouateneit SA/ u SA2 MoOxHO
HCIIOJIH30BATh JIIOOBIE TAJIETHOTO THITA COOTBETCTBEHHO Ha 23 W 11 moyokeHWid Ha Ba HAINPaBICHHUS KHOMKH SB/ —
SB3 — I12K c HezaBucumoii ukcanueii, pesucropsl — MIJIT-0,25, ¢ TouHOCTBIO HE XyXe 5%, KOHIEHCATO» Pbl —
KM-5, KM-6.

HanaxxuBaHue 3akirouaeTcsi B HOMAPHOM MOA00PE PE3UCTOPOB AETHUTENS PETYIATOPA TPOMKOCTH U OalaHca.

Hudposoii perynstop rpoMkocTd. OCHOBHBIM HEJOCTATKOM PEryJIITOPOB HA OCHOBE MEPEMEHHBIX PE3UCTOPOB U
MIEPEKITIOYATENeH SBISACTCS CIOKHOCTh MX Pa3MEIEHUs] HEMOCPEICTBEHHO BOJIM3M BXOJOB YCHIIUTEINS, YTO BBI3BAHO
HEOOXOMMMOCTBIO Pa3MEICHHUs OPraHOB YIPABICHUS HA MEpPEeIHEH MaHeIH YCHWIUTENsA. DTO YCIOXKHIET Oophly ¢
nmomMexamMm M HaBOJKaMH. KpOMe TOro, HAJINYUEC MCECXAHWYCCKUX KOHTAKTOB YXYyIUIACT HAACKHOCTH pa6OTbl TaKuXx
PETryJIsTOPOB, YBEIMYMBAET IOMEXH B BHJIE TPECKOB, NIOPOXOB, IIEeTYKOB. C pa3BUTHEM 3JIEMEHTHOI 0a3bl MOSBUIIACH
BO3MOXKHOCTb CO3/1aTh QJIEKTPOHHBIE PETYJIATOPHl TPOMKOCTH Ha 0a3e CHEeNUalbHBIX MHKDOCXEM WM IpU
WCIIOJIb30BAHUM TIepeKitouareneil aHanoroselx curHagoB KMOII cTpyKTypbl, 4TO HO3BOJISIET YCTPAaHUTH YKa3aHHbIE
HEIOCTaTKH.

Ha puc. 41 npuBeneHa cxema 0JHOTO KaHaJla PEryJIsITOpa TPOMKOCTH Ha 0a3a mynbruruiekcopa KMOII cTpyKTypsl.
Perynstop MCTIONb3yIOT COBMECTHO € CEJIEKTOPOM BXOAHBIX CUTHANIOB (CM. puc. 13). PerynsTop rpoMKOCTH COCTOHT U3
9JIEKTPOHHOT'O IepeKJirouaresis Ha 32 TOJIOKEeHHs W IM(POBOro y3jia yNpaBleHUS HM. J[OCTOMHCTBOM 3TOro
PETyIATOpa TAKXKE SABJIAETCA OOJIBbIIAsl TOUHOCTh COBIAACHHS KaHAJIOB, ONpeAeIsieMast IOIyCKOM PE3UCTOPOB ACIUTEISL.



L{1dppoBoii peryasiTop rpOMKOCTH UMEET CIISAYIOINE OCHOBHBIE TEXHUUECKHE XaPAKTEPUCTHKH:

HomuHanbHOE BXOJHOE HANpsOKEHHE. ....... 200 mB
HomuHanbHOE BBIXOJHOE HANPSKEHHUE....... 200 mB
MakcumasbHOe BXOJIHOE HalpsDKEHHE. ...... 6B
I'myOuHa perynnpoBKH IPOMKOCTH........ 64 nb
Hanpsoxkenue nuranus........... 15u7,5B
Tok motpebeHus............. 30 MA
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Puc. 41. MpuHuMNManbHasa cxema UM pPoOBOro perynsatopa rpoMKOCTH

CoOCTBEHHO D3JICKTPOHHBIA TEpPEKITIOYaTeNlb BBHIIOTHEH Ha Mukpocxemax DDI, DD2 wn DAI. Yupammsercs oH
nupoBoii YacTeio Ha MUKpocxemax DD3 — DD9. TlepexirodaTesb COCTOUT U3 IBYX CEKUHUI: OTHON (Ha MHKpOCXeMe
DD?2 n pesuctopax RI13 — R16) Ha deTbIpe ToJI0KeHUs ¢ marom 2 1b, Bropoi (Ha mukpocxeme DD u pe3uctopax R3
— R10) Ha Bocemb mosiokeHui ¢ maroM § nb. Mexay HUM» yCTaHOBJICH pa3BA3BIBAIOIININ YCHINTENb HA MUKPOCXEME
DAI.1 ¢ xo3pdunuentom mnepenaun okojo 1. Takoe mocTpoeHue MO3BOJIAET CO3AaTh MEpeKiIoyaresr Ha 32
HOJIOKEHHMs, HUCIOJNIB3ys Bcero 12 pesucropoB nenurens. COCTOSIHME CEKIMH IEpeKiIIovarelis OMpeneliseTcs
ISTUPA3PSIHBIM KOJOM, BbIpaOaThiBaeMbIM LIU(QPOBBIM Y3JIOM YIPaBJICHUs, COOpAaHHBIM Ha MuKpocxemax DD3 —
DD9.

VY3es ynpaBieHus COIEPKHUT 3anaroiinii renepatop (Ha snemenrax DD 3,3, DD 3.4, DD 5.2), BeipabaTbIBaronui
CUTHaJ ¢ 4JacToToi okosio 4 I'm, u peBepcuBHbIA cuetunk (DD4.1, DDY), BbIpaOaTHIBAIOMIMIA MATUPA3PSIHBIA KO
yTIpaBJIeHUSI.

Onementrsl DD6.2, DD6.3, DDS8.1, DD 8.2, DD5.3, DD3.5, DD3.6, DD7.1 — DD 7.3 obecrneynBaroTr
peBepcUpOBaHUE CYETYMKA W OrpaHMUYEHHE cYeTa CHH3Y M cBepxy. OnemeHtsl DD6.1, DD 3.2, DD5.1, DD 5.2
HE0OXOIUMBI, YTOOBI 3aIaAI0IINK TeHepaTop padoTan MpH HaXaTUH J000H 3 KHOMOoK SBI wmu SB2. Tpurrep DD4.2
ycTpaHseT aApede3r nx KOHTakToB. C MOMOIIBI0 KHOMOK SB3 — SB6 nenaioT mpeiBapuTeNbHYI0 YCTAaHOBKY CUETYHKA
DDY u Tem caMBbIM 33a10T JTI0001 HaYaIbHBIA yPOBEHb TPOMKOCTH. DneMeHT DD 3.1 coBMecTHO ¢ pe3uctopamu R/, R2
u koHzeHcaTopoM C/ (HOpMHUPYET UMITYJILC YCTAHOBKM CYETYMKA B HYJIEBOE COCTOSIHUE.

OCOOEHHOCTBIO PEryJIsTOpa SBISETCS TO, YTO NP PA30MKHYTHIX KOHTAaKTax KHONOK SB/ 1 SB2 Bech 3JIEKTPOHHBIN
MNEPEKIOYATC/]Ib HAaXOAUTCA B CTATUYCCKOM IIOJIOKCHUM W HE BHOCUT B yCI/IHI/IBaeMI)II;’l aHAJIOTOBBIM CHUTHA
JIOTIOJTHUTENBHBIX TOMEX. DTO T03BOJISIET MOHTUPOBATH aHAJIOTOBYIO M IIM(POBYIO YaCTH peryJssiTopa Ha OHOH IuiaTe.

VY3en ynpaeneHust oOummi s AByX KaHaiioB. CtepeoOayiaHca NOOMBAIOTCS W3MEHEHHEM YCHJICHHUS! BBIXOIHOTO
KacKa/ia B CeJIEKTOpe BXOJIHBIX CUTHaJIoB (cM, puc. 13). Ecnu caenars nudpoBoe ynpasieHue pa3iesbHbIM JUIs JIEBOTO
1 TIPaBOro KaHAJIOB, TO OAIaHC yCTAaHABIMBAIOT Pa3eIbHON PEryJTUPOBKOH TPOMKOCTH.



Perynstop cMOHTHpOBaH Ha YHU(MHUIMPOBAHHOW MOHT&)XHOW IUIaTe€ C NMPUMEHEHUEM MEePeXOJHbIX MaHeNel yis
MukpocxeMm cepun K564. B ycrpoiictBe ncnonp3oBansl pesuctopsl MJIT-0,25 (¢ Tounoctsio 5% B nemurene u 10% —
ocranbHble) U koHAeHcaTopsl KM-4, KM-5, K53-1. B kauectBe kHOMOK SB/, SB2 MOXHO NPUMEHATH NMEpEeKII0YaTeN
6e3 dukcaruu ar060ro tumna (Hanpumep MII-3), BMecTo SB3 — SB6 — nepekitoyareiu JJr00ro Tuma ¢ puKcamnuei.

Y4uThIBast CIOKHOCTh YCTPOWCTBA, HEOOXOJMMO OOpPAaTUTh BHUMaHHE Ha MPaBHIBHOCTH MOHTaXa. /st mpoBepku
paboTOCIIOCOOHOCTH PErysiTopa HE0OXOJUM CTAOWIIN3UPOBAHHBIM UCTOYHUK NMUTAHUS C HamnpspkeHneM 15 B u Tokom
He menee 30 MA. Hanpsbkenue 7,5 B Oepetcst ¢ cenekTopa BXOAHBIX curHaioB (cM. puc. 13). Hanaxusanue ycrpoiicTa
COCTOMT B ITOTIAPHOM I10100pe pe3ucTopoB aenurenst R3 — RI0u R13 — RI6.

HOPMUPYIOIIUE YCUINTEJINU

HomuHaneHOE BBIXOAHOE HAINPSDKEHWE MCTOYHHUKOB 3BYKOBBIX NPOrPaMM, TaKMX KaK MarHUTO(GOH WM TIOHED,
cocrapisier okoso 200 MB, TakuM ke OOBIYHA JEJNAIOT W BBIXOJHOE HAIPSHKEHUE MHUKPO(QOHHOIO YCHWIIUTENS WU
TIpeaycHInTelNs — Koppekropa. [Ipoxozas yepes 1enu peryiInpoBOK I'POMKOCTH M OajlaHca OHO, KaK

NPaBWJIO, HECKOJBKO YMEHBIIaeTcsl. BMecTe ¢ TeM HOMUHAJIBHOE BXOJHOE HaNpshKe-HUE TAKUX Y3JIOB YCHIIUTEINS,
KaK peryJisiTopsl TeMOpa, KBaIparpeoOpa3zoBaTeiy, YCHIMTEIN MOIITHOCTH, 0OBIYHO BEIOHparoT okoiio 800 MB.

Juis cornmacoBaHWS WMCTOYHUKOB 3BYKOBBIX NPOTPaMM CO BXOJAMH MPEIBBIXOMHBIX M BBIXOTHBIX KAaCKaJIOB
yewnutenst 34 TPUMEHSIOT HOPMUPYIOIIHE YCHIUTeNH. K OCHOBHBIM €ro TEeXHHYEeCKHM IOKa3aTesiM OTHOCSTCS:
BXOJHOE M BBIXOOHOE COMPOTHUBICHUE, KOID(UIIMEHT YCHIICHHS, Neperpy30dHasi CIIOCOOHOCTh, IHHEHHBIE H
HENVWHEIHbIE WCKaXEHUS, OTHONICHWE CHTHAJ-IIYM, IUHAMHYECKHN [Hama3oH, CTaOWIBHOCTh ITOKa3aTelei.
Hopmupyromuii ycumurens umeeT miockyio AUX B auana3zone padouynx 4actoT. OH 4acTo SIBIISETCS MEPBBIM KacKaJloM
B TpaKkTe ycwiuTens 34, MOSTOMY €ro IIyMOBBIE CBOICTBAa CYIIECTBEHHO BJIHSIOT HA JOCTHXHMBIN TUHAMUYECKHN
JIMana3oH BCEro yCWIMTeNs B LeioM. [103ToMy 3aech MPUMEHSIOT CliENUAbHBIE MUKPOCXEMbl WM MaJIOLTyMsIIIHE
TPaH3UCTOPBI, UCIOJIb3YEMbIE B TPy CHUIIUTENIE-KOPPEKTOPE WM MUKPO(QOHHOM ycunuTene. MOXKHO BBINOJIHUTH 3TOT
Kackaa u Ha Manomymsimux OY.

Hopmupyrommii yeunurens Ha OY K153V /2. OH umeeT cneayroue OCHOBHbIE TEXHUYECKUE XapAKTEPUCTUKHU:

BXOHHOC HalpsKECHUE:

HOMHUHAJBHOE............ 0,1 B
MaKCUMAJILHOE ............ 1B
BrixonHoe HampspKeHUE:

HOMMHAJIBHOE............ 0,8B
MaKCUMAJIbHOE............ 8B

[Teperpy3o4Has ciocoOHOCTh, HE MeHee......20 1b
Koa¢ppuuuent rapmonuk, He 6ouee.......0,08 %

OTHOIIIEHUE CUTHAI-IITYM (HEB3BEIIEHHOE) . . . . . 70 nb
HomunanbHbIl 1HanazoH 4acTor........ 10...50000 I'u
Hanpsoxkenue nuranus........... +15B

Toxk moTpebeHus............ 104

Ha puc. 42 nokazaHa cxema 3TOr0 HOPMHUPYIOLIETO YCHJIMTENsS ¢ Ucnoiib3oBaHueM OV, BKIIOUEHHOTO MO CXeMe
HEMHBEPTHUPYIOIIETO YCUIIUTENS MIEPEMEHHOTO TOKA. Y CHIICHHE 3aBUCUT OT COOTHOIICHHSI COPOTHUBIICHUS PE3UCTOPOB
R3 u R2. Pesucrop RI ompernensieT BXomgHoe compoTusieHue y3na. Kongencatop C/, yCTaHOBJICHHBIH Ha BXOIE,
o0ecrieunBaeT pa3BA3Ky IO MOCTOSHHOMY TOKY, KoHAeHcAaTopbl C5 m C6 yCTpaHSIOT Mapa3uTHYIO CBS3b IO IIETTH
rmutaausa. Kongercatopsl C3 u C4 He0OXOOMMBI TS yCTOMYMBON paOOTHI YCHIINTENS B 00JIaCTH BRICOKMX YacTOT.
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Puc. 42. MpuHuMnuanbHas cxema HopMmupytowero ycunurtensa Ha OYK153y[12

Ycunurens coOpaH Ha yHU(UIMPOBAHHONW MOHTaXKHOH 1utate (cM. puc. 32). [Ipu MOHTa)e UCTIOIB30BaHbI
pesucropsl MJIT-0,125, kongencaropsl KM-4, KM-6, K50-6. Bmecto mukpocxemst K153V J[2 MOKHO IPUMEHUTD
mo0bie OY 0011ero NpuMeHeHHs CO CBOMMU LEISIMU Koppekunu, Harpumep, K140Y 17, K140V I8 u np.



Puc. 43. MpuHuMnuanbHasa cxema HOpMUpYOLEero ycunurtens Ha mukpocxeme K548YH1

HanaxxuBanune 3akmodaercsi B moitydeHuH (mombopom pesuctopa R2) HeoOxoammoro ycwienus. IIpu mposepke
HOPMHUPYIOIIETO YCHIINTENS TOTpeOyeTcs CTaOMIM3UPOBAaHHBIN NBYXIIONSPHBIM HCTOYHHK HampspkeHWeM +15 B m
TOKOM He MeHee 10 MA.

Hopmupyrommuit  ycunurens Ha wmukpocxeme K548YHI1. OH wmMmeer cienmyromie OCHOBHBIE TEXHHUYECKUE
XapaKTEePUCTHKU:

BxonHoe HampsikeHue:

HOMHHAJIBHOE............

MaKCUMAaJILHOE. . ..0,6 B

BbixogHOE HanpsKeHue:

HOMMHAJIBHOE............ 0,8 B

MaKCHUMAJIbHOE............ 5,B

[eperpy3ounast ctocoOHOCTb, HE MEHEE...... 15 nb
Koa¢ddumment rapmonuk, He 6oree....... 0,1%
OTHOIIEHHE CUTHAI-IIIYM (HEB3BEIIEHHOE)..... 72 01b
HomuHaneHbIN AUAana3oH 4acToT........ 10... 50000 I'rx
Hamnpsixerne nutasusg ........... 24 B

Toxk nmotpebaenus . . . . . ....... 10 MA

Jns yMeHbIIeHUs YpPOBHS IIyMa HOPMHPYIOLIETO YCWIMTENd, KaK M JPYTUX Y3J0B, MOXKHO HCHOJIb30BaTh
Manomymsiyo mukpocxemy KS548VHI1 (puc. 43), 3aech oHa BKIIIOUEHA MO CXeMe HEHMHBEPTUPYIOIIETO JIMHEHHOTO
yemmmtens. Llens OOC (pesucropsl R2, R3) ompenensieT pexuM pabOThl MHKPOCXEMBI II0 TTOCTOSHHOMY TOKY.
Koaunmenr ycuneHuss mo NEepeMEHHOMY TOKY 3aBUCHT OT COOTHOIIEHMS COIPOTHBIICHUS MapauleNbHO
COeIMHEHHBIX pe3ncTopoB R/ n R2 u comnportusienust R3. Konpencatopsr C/ u C3 obecrieunBaroT pas3Bsi3Ky IO
MIOCTOSTHHOMY TOKY Ha BXOJI€ M BBIXOZE y37Ia.

MoHTaX yCHIUTENs, KaK ¥ IPEABIAYIIEro, BEIIOJHEH HA YHU(UIIMPOBAHHOW MOHTaXHOH mate (cM. puc. 32). B
HEM HCIoNb30Banbl pesuctopsl MJIT-0,125 u konnercaropsr KM-6, K50-6.

IIpu HacTpoiike ycHIUTENh HEOOXOAUMO MOJKIIOUUTE K CTAOMIN3UPOBAHHOMY HCTOYHHKY MUTAHUS HANPSHKEHHEM
24 B u tokoM He MeHee 15 MA. Ilocie atoro, mombupas pesuctop R2, Ha BbIBOJE 6 MHUKPOCXEMBI JOOMBAIOTCS
HanpspkeHus 12 B. 3atem mogb6opom pesnuctopa R/ ycTaHABIMBAIOT HEOOXOAUMBINA KO3(D(UITMEHT YCHUIICHUS y3Ta.

Hopmupyromnuit yCHIMTens Ha JUCKPETHBIX JIEMEHTaX ¢ OONBIINM JHHAMUYCCKUM TUAMa30HOM. YTOOBI MOTyYUTh
OoJiee KaueCTBEHHBIE IapaMeTphl, KOTAA HET CHELUATM3MPOBAHHBIX MUKPOCXEM, HOPMUPYIOIIMH YCHIIMTENb MOXKHO
BBINOJIHUTHh Ha 0a3e JAMCKPETHBIX KOMIIOHCHTOB, BOCIOJIb30BaBIIHCH cxemoil OY Ha puc. 44. OH uMeeT ClieAyIoIue
OCHOBHBIE TEXHUYECKUE XapaKTEPUCTHUKU:

BxonHoe HanpsbkeHue:

HOMMHAJIBHOE . ,.......... 0,1B

MaKCHMAJIBHOE............ 1,8 B

BrixonHoe HampspKeHUe:

HOMMHAJIBHOE . ........... 0,8B

MaKCHUMaJIbHOE 14B

[Teperpy3o4Has cioCOOHOCTh, HE MEHEE...... 25 nb
Koa¢pduuunenrt rapmoHuk, He Oouee....... 0,06%
OTHOIIIEHUE CUTHAI-ITYM (HEB3BEIIEHHOE)...... 75 nb
HomunanbHblil 1HanazoH 4acTor........ 10... 100000 T'g
Hanpsoxkenue nuranus........... +24 B

Tok morpebnenus............ 12 MA

[pusenenusiii 3necb OY Ha IUCKPETHBIX KOMIIOHEHTAX HCIIOJB3YeTCS B KOPPEKTUPYIOIEM yCHIIHTENe (CM. pHC.
27) u B perymsatope TemOpa (cM. puc. 48), rae yka3aHbl OCHOBHBIE OCOOGHHOCTH ero pabotel. Hexoropoe ormmume



JAHHOTO YCHJIMTENS COCTOWUT B M3MEHEHHWH MapaMeTpoB Ienu obpaTHOil cBs3u RIO, R11, DTo CBA3aHO C MOTydYeHHEM
HE00X0AUMOTro KO3 PHUIINEHTA YCUITCHUS.
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Puc. 44. lMpuHuMNManbHasi cXxemMa HOPMMPYHOLEro YCUNUTENs Ha AUCKPETHbIX 3JfeMeHTax ¢
60nbWMM AUHAMMYECKUM ANana3oHOM

Hopmupyromuii ycunurens CMOHTHPOBAH Ha meyaTHOH 1uiate (puc. 28,a) Bmecto TpansucropoB KT3102E moxHO
ucnons3oBath TpaHsuctopel KT342, KT315: smecto KT3107JI — KT361, KT203. ITapameTps! yCUIuTeNns MpU 3TOM
HECKOJIBbKO yxynmarcs. B ycunurene ucnons3oBassl pesuctopsl Tuna MJIT-0,125, konaencatops! Tuna KM-4, K53-1.

HanaxuBanue ycuimTens 3akilO4aeTcss B IPOBEPKE MOHTaXa W IMOJ0OpE CONPOTUBIEHMs pe3uctopa RI0 s
noJyueHust Heobxoanmoro koaddunmenta ycunaenus. st muTaHus cXeMbl HEOOX0AUM CTaOMIIM3UPOBAHHBIN HCTOYHUK
HanpsbxeHus £24 B u Tokom He MeHee 15 MA.

IHIYMOIIOJABUTEJIN

[Ipn mpocnymuBaHuM MPOrpaMM HEPENKO MPU MajbIX YPOBHSIX CHIHAJIA, U OCOOCHHO B May3aX MYy3bIKalIbHOTO
MMpOonU3BEACHUS, 3aMCTCH Mema}omm‘& myMm. I[J'IH pacliMpC€Huss AMHAMHUYCCKOTO Jualia3oHa U YMCHbUICHHS HIYMOB IIpU
BOCHPOU3BCIUHUUN KOHCTPYKTOPBI CO3AAl0T PA3JIUYHBIC CUCTCMbI 1IYMOIIOJAABJICHUS. W3BecTHBIE CH« CTEMBI
LIYMOIIOIaBJICHHUS MOXKHO pa3/iesInTh Ha JiBa Bujaa. K mepBoMy OTHOCSITCS CHCTEMbI C OJJHOKPATHBIM BO3AEHCTBHEM Ha
CHTHAJ, T, €. padOTaolINe TOJIBKO IPH BOCIPOM3BEIEHHU, K BTOPOMY — TpeOYIOIIMe MpeaBapUTeIbHON 00paboTKu
CHTHAJIa OPH 3aIIMCH U TTOCIIeTYIOIIEM BO3AEHCTBUY IIPU BOCIIPOM3BEICHHH.

K mymomonmaBurensiM NepBOro BHa OTHOCSTCS YCTPOICTBA IIOHIKCHMS IIyMa B IIay3ax, TaK Ha3bIBacMbIe
MIOPOTOBBIE IIIYMOIOAABUTENN, M YCTPOIHCTBAa C HCIIOJIB30BAHMEM YIIPABIAEMBIX (HIBTPOB — JAWHAMHYECKHE
ITYMOTIOaBUTEN . TUIIHYHBIMH UX TIPEICTABUTEISIMH SBISAIOTCS IOPOTOBBIN IrymMomogasutenb NFD ¢upmer Panasonic
n urymomonaButens DNL, mpemrtoxenusrii ¢upmoin Philips [10]. K HuM >xe oTHocuTcs Takke 3¢QeKTHBHASA
OTEUYECTBEHHAS CHUCTEMa JHHAMUYECKOTo IIyMomoHIKeHus «Mask» [11]. OCHOBHOM HEIOCTATOK ATHX YCTPOHCTB —
YaCTHYHOE MOJABIICHUE MOJIE3HOTO CUTHAJIA — CBSI3aH C MIPUHIUIIOM UX PabOTBHI.

HawuGonee »¢dekruBHbIMU, HO M 0oJiee CIOXHBIMH, SIBISIIOTCS KOMIIAUJIEpHbIE YCTPOWCTBA, OTHOCSIIUECS K
BTOPOMY BHJY CHCTEM LIyMOIIOJIaBJIEHHs. DTO, IIPUMEHsIEMbIe B OBITOBOM 3BYKOTexHHUKe, cucteMbl Dolby (A, B, C),
ANRS High Come u ap. [12]. OHM 103BOJISIIOT 3HAYMTENHLHO CHU3UTH IIyM Oe3 yiepba i ucxoaHoro curnana. Ho
n3-3a TOrO, YTO B Clydae HMX INPUMEHEHHs HeoOXoauMma JBYXKpaTHasi oOpaOOTKa CHUTHalla, TaKHE CHCTEMBbI, Kak
MIPaBWIIO, UCHOJIB3YIOT B YCTPOHCTBAX MarHUTHOM 3aIlicH.

B ycunmnrensx 34 nienecooOpa3HO NPUMEHSTH OIYMOIIOAABUTENN IIEPBOTO BHa — IOPOTOBBIE U TUHaMHU4eckue. B
MIPOCTEHIIEM Ke cTydae IUIS IMOHIDKSHHS [IyMa OTpaHHYMBaiOT mosocy npomnyckanus ®HY (c gacroroit cpesa 5 ...7
k['m) u perynstopoM TemOpa. Tak Kak NIyMOIIOAABUTENb BHOCHT 3aMETHBIH BKJIAJ] B HEJMHEHHbBIE MCKaKCHUS BCETO
YCHJINTEIBHOTO TPakTa M yXyIMIAeT €ro JWHAMHYECKHE XapaKTePUCTHKH, TO MPU BOCIPOU3BEICHHH 3BYKOBBIX
IPOrpaMM ¢ Ka4eCTBEHHBIX HOCUTENICH MH(MOPMALMK IIYMOIIOJABUTENb CIEAyeT MCKIII0YaTh U3 TPAKTa MPOXOXKACHUS
curxaia. [[ig 3Toro B ycmiuTese mpeaycMaTpUBalOT CIICIHAIbHEIN epekiodarens (S6 Ha puc. 1).

}lanee IMPUBOJATCA OIMMCAHUA IBYX HNPOCTBIX IJ.IyMOHOI[aBHTeJ'IePI IUIA UCIIOJIb30BaHUA B YCUIIUTCIIAX 34, OﬂHaKO
NPUMEHEHHE 3TOT0 y3J1a B BHICOKOKAUECTBEHHOM ycuiiuTese 34 He 00s13aTeNbHO.

JluHaMHUYecKUil IIyMOIOJIaBUTENIb HA OCHOBE YIPaBJIIeMOro (uibTpa. YCTaHOBIEHO, YTO CIEKTP MY3bIKAIBHBIX
CHTHAJIOB 3aBUCHUT OT MX T'POMKOCTH TaKUM 00pa3oM, YTO C yMEHBIIEHHEM IPOMKOCTH OTHOCHTENIBHOE COJEpKaHHe
BBICOKOYACTOTHBIX COCTaBIISIOIINX B CHI'HAJIE YMEHBIIAETCS. DTO JAaeT BO3MOXHOCTh CYIIECTBEHHO OCIa0UTh YPOBEHb
BBICOKOYACTOTHBIX LIYMOB 3a CYET YNPABJISIEMOT0 OTPaHHYCHUS TIOJIOCHI YCHWIIUTENS B May3ax M IPHU MajlbIX ypPOBHSIX



curHaia. Ha ynpasiisieMoM M3MEHEHUH YaCTOTHOM XapaKTepHUCTHUKH TPAKTa 3ByKOBOCIPOHU3BECHUSI OCHOBAH MPHUHIIMIT
paboThI TMHAMUYECKUX [TYMOIIOJaBUTENSH (IPUHII JHMHAMUIECKON QUIbTpanum).
OCHOBHble TCXHUYCCKNEC XapaKTCPUCTUKN JUHAMHWYCCKOI'O HIYMOIIOAaBUTEIIA:

HomuHansHOe BXOAHOE HAMpPsKEHHE. ... 0,8 B

MakcuManbHOE BXOIHOE HAIPSHKEHHUE...... SB

[eperpy3ounas criocoOHOCTB, HE MeHee..... 20 1b

Koa¢ddunment nepenaun va gactore 1 xI'1x .... 1

Kpyruzna cnaga AYX B nosioce nopasieHus . . . . 10 n1b Ha okTaBy
[Momoca wactor (Ha ypoBHE — 3 1b) ...... 20...20 000 I'g
Koa¢ddunment rapmonuk, ve 6omnee...... 0,2%

BxoaHoe conpoTuBieHwue......... 100 kOm
Hamnpsoxenne nutanus.......... +15B
Tok noTpebneHHs. .......... 10 MA
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Puc. 45. MpuHuMnuanbHaa cxema AUHAMUYECKOro LIymMornoAaBuTerns Ha OCHOBeE yrnpaBrisieMoro
dunbTpa

Cxema 3TOro LIyMOIIOAABUTENS NpuBeneHa Ha puc. 45. OCHOBHBIM Y3JIOM 31eCh sABIsieTcs ympasisembiii ®HY,
4acToTa cpe3a KOTOPOro M3MEHSETCS B MIMPOKOM Auamna3one 4actoT oT 1 g0 20 k1. dunbTp cOCTOUT U3 3IEMEHTOB
R5, R5, C6, C7 n VTI. Yupasnsioliee HamnpsbKeHUE NOCTyHaeT Ha 3aTBop Tpansucrtopa V711 c pesucropa RI0 u3
BBINPSIMUTENBHOTO Kackana Ha anemeHtax DA2, VDI, VDZ2. HeoOxoqumelii Ko3pQUIIMEHT nepenadn ycTpoiictBa n
COTJIACOBAHUE C OCTANBHBIMU KaCKaJlaMU YCHIUTENS 00eCeunBaroT 3aeMeHTsl DAI, DA3.

[Tymononasurens coOpaH Ha YHH(UIMPOBAHHOW MOHTaXHOH mmiare (cM. puc. 32). B HeMm HCIOIB30BaHEI
pesuctoper MIJIT-0,25, CII3-22, xommencatopel KM-5, KM-6, K53-1. BMecTo yka3aHHBIX Ha CXE€ME MOXKHO
ncnons3oBate apyrue OV, Hanpumep, K153V /11, K140Y 17 co cBonMu HEeTsIMHA KOPPEKIIHH.

IIpn HacTpoiike LIyMONOAABUTENS MOTPeOyeTcss CTaOMIM3MPOBAHHBINA JBYXMOISAP-HbIM HCTOYHUK ITMTaHUS
HanpspkeHreM =15 B u Tokom He meHee 25 MA. Ee npousBogsiT B cienyromem nopsiake. K BEIXOQy IIyMOTIOZaBHTEIS
MOJKJIIOYAI0T MHJUIMBOJIBTMETP MEPEMEHHOIO TOKa. JIBM)KKM BCEX TMEPEMEHHBIX PE3UCTOPOB JOJDKHBI HAXOIUTHCS B
HIKHEM IO cxeMe noJjiokeHuu. Ha BXoa miymomnojaBuTesnss NOAAIOT CHUHYCOMJANbHBIM cUrHan 4yactotod 5 kl'n u
ypoBHeM 0,8 B (melicTByromiee 3HaueHue). Pesucropom R2 ycTaHaBIMBAIOT BBIXOAHOE HampsbkeHue okosno 0,8 B.
ITonctpauBas pe3uctop RS, yMeHbIIAIOT BBIXOAHON curHan Ha 25 nb (oxonmo 45 mB). 3arem pesuctopom RI0
YBEIMYHMBAIOT CUTHAI Ha BBIXOZE TaKUM 00pa3oM, 4ToOBI ero ypoBeHb OblI Ha 3 b Hmke mo otHomenuio k 0,8 B
(okoio 0,57 B). Ha aToMm HanaxxuBaHUE ITyMOTIOAABHUTEIIS 3aKAHYHBACTCSL.

IloporoBeiii mymMomoaaBHTeJlb HAa MHKpocxemax. PaboTra mHOpOroBbIX IIyMOIOJa-BUTENEH OCHOBaHa Ha
TIPUHIMIIE AaBTOMaTHYECKOTO YMEHBIICHHS YCHIICHHS B TPAKTE BOCIPON3BEACHHS B ITay3aX, KOT/A IIyMBbI ITPOSIBISIOTCS



Haubosee cuibHO. [Jis ompeenenus may3bl HCIOIb3YeTCsl pa3iinire ypoBHel curHana u myma. [lopor cpabarsiBaHus
OOBIYHO YCTAaHABJIMBAIOT BPYYHYIO TAKUM, YTOObI YMEHBILIECHHE IIyMa HE COIPOBOXKIAIOCH 3aMETHBIM CHHIKEHHEM
YPOBHSI CJ1a0BIX CUTHAJIOB.

OCHOBHBIEC TEXHHUYECKHE XapAaKTEPUCTUKH TOPOTOBOTO [ITYMOIIOAaBUTEIs, BHIIIOJTHEHHOTO HA MUKPOCXEMaX:

HomunanbHoe BXOAHOE HalpsKEHHUE. ...... 0,8B
MakcuManbHOE BXOIHOE HAIPSKEHHUE....... 8B
[eperpy3ounast ciocoOHOCTh, HE MEHEE ...... 20 nb
Koadpdumment nepenaun Ha wacrore 1 x[1..... 1
WHTepBan perynupoBku mopora cpadaTeiBadus .... — 40... — 20 nb
Koa¢ddunment rapmonuk.......... 0,2%
BxoaHoe conpoTUBIEHHE .......... 100 kOm
Hamnpsioxenne nutaHus........... +15B
Tok motpednenus............ 15 MA
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Puc. 46. an/IHLIMI'IVIa.ﬂbHaH cXemMa noporoBoro wymonogasurtensa Ha MUKpocxemax

[IpuHnunuanbHas cxemMa S3TOro IIyMONOJAaBHUTENs IpuBedeHa Ha puc. 46. Illy-momomaBuTens COCTOUT U3
YOpaBIIEMOro JAEIHUTENs, BBIIOJHEHHOro Ha pe3uctope K3 u Tpansuctope V71, ycTpoiicTBa YIpaBieHHS Ha
MuKpocxeme DA u cornacymomero kackaaa Ha Mukpocxeme DA2. Illymononasurens BKmoyaercsa kHonkoi SBI. Ipu
MPEBBILIEHUY BXOJHBIM CHIHAJIOM IOPOra, YCTaHABIMBAEMOIO pE3UCTOpoM R4, Ha koHjeHcarope C5 mosBIseTcs
HalpsDKeHne, 3akpbiBaroniee TpaHsuctop V7L Ilpu 3ToM BXOJHOW CHUTHaNl TOCTYNAaeT Ha BBIXOJ YCTpOHCTBa 0e3
ociabneHus. B mayse wim Korjja ypoBeHb CUTHaJIa MEHbIIE, YeM TIOpOT cpadaThiBaHMs, HanpshkeHue Ha C5 CTaHOBUTCS
MTONIOKUTENBHBIM (OmipenensieTcs aenureneM RS, RY), tpamsucrop V7! oTkpeBaeTcs M KOIPPHUIMEHT TIepenadn
yMeHbIIaeTcs. 3HaueHne Kod(QHIMEeHTa Mepefadyn ONpeieNseTcs COOTHOIIEHHEM CONPOTHBICHUH pe3uctopa R3 n
KaHaJa CTOK — HCTOK VT1.

Jlns MOHTaka IIyMOIIOJIaBUTENSI MCIONIb30BaHa yHUGHULIMPOBAaHHAsA IUIaTa. B Hell MPUMEHSIOT Pe3UCTOphI TUIIOB
MUJIT-0,25, CII3-22, kongencaropel KM-4, KM-6, Kuonka SB/ — TI2K ¢ He3aBucumoil (ukcanmelr wim 000
MIEPEKNIIOYaTeNh Ha [Ba MOJIOKEHUs. BMecTo ykazaHHBIX Ha cxeme OY MOXHO Mcrnons3oBath U apyrue OV obmiero
IMPUMEHEHHUs CO CBOMMH LIeMsAMH Koppekiuy, Hanpumep, K153V /(1 K140Y 17 KHOVY JI8.

HanaxuBanue IIyMOINOJABUTEIsI COCTOMT B MPOBEPKE MPAaBWIBHOCTH MoOHTaxa. [lnsi paboThl ycTpoiicTBa
HEOOXO0UM CTaOMIM3UPOBAHHBIN JBYXIOJSPHBIA NCTOYHUK MUTAHUs HarpsbkeHueM +15 B u Tokom He meHee 15 MA.
[Mopor mymMornoaBieHus! ycTaHABIMBAIOT TIPH 110/1a4€ HA BXOJ curHana yactotoit | xI'm u ypoBHeM okoio 8 MB ( —
40 nb orHocurensHo 0,8 B). JIBMKOK pe3ucTopa R4 NOIDKEH HAXOAUTHCS B TAKOM IOJIOKCHUH, YTOOBI IPH BXOJHOM
curHaie yposHeM — 40 nb HanpspbkeHne Ha BbIXO/1€ OBUIO PaBHO HYJIIO, A TP YBEJIMUYEHUH BXOJHOTO curHaia Ha 3 nb
HaNpsDKEHNE HA BBIXOJIE ITYMOIIOAABUTENS MOSBIISIOCH.



PEI'YJIATOPBI TEMBPA, SKBAJIAM3EPHI

Perynstop TemOpa sBisieTcsi, Kak IpaBmiO, 00s3aTEIbHBIM Y3JIOM COBPEMEHHOTO BBICOKOKaYE€CTBEHHOTO
yCTpoiicTBa 3ByKOBOCHpom3BeAeHHs. OCHOBHOE €ro Ha3HaueHHe — o0ecneunTs Takoe peryiupoBanne AUX
YCHIINTEIBHOTO yCTPOMCTBA, YTOOBI KOMIIEHCHPOBATh YacCTOTHBIE MCKAKEHHS, BHI3BAHHBIE HECOBEPIIEHCTBOM aKycC-
THYECKUX cucteM, wiu chopmupoBath AUX mOA KOHKPETHYIO (OHOTpaMMy C YYEeTOM aKyCTHYECKHX CBOMCTB
moMmenieHnss u JAe(deKkToB 3amucu (OHOTPaMMBI M TeM CaMbIM BOCCTAHOBHUTH E€CTECTBCHHBIA TeMOp 3ByUYaHHS.
PerymupoBka TemMOpa 3By4aHHs OCHOBaHAa Ha m3MeHeHHMH AUX ycUIuTens B ONpEAeTICHHOW OONacTH dYacToT.
Koppekmst AUX ycunutens 34 mocthraercsi B OCHOBHOM C TOMOIIBIO IIETEH, COAepyKamlix KOHAEHCATOPHI U
IepeMeHHbIe pe3uCTophl 1 Biusonx Ha AUX Ha kpasx pabodero nuama3oHa 4aeToT.

B nocnennee Bpemsa ans perynupoBkn AUX ycunuTens Bce dallle HCIOJB3YIOT MHOTOIOJIOCHBIE PETYJISTOPHI
TeMOpa — »axBanaifsepel ¢ LCR-anmemeHTamMu, KoTopble 003BOJISIIOT HM3MEHUTh AUX Ha HECKOJBKHX Yy4acTKax
YacTOTHOTO jauanazoHa. ToyHocTh koppekuun AUX ycuiutesns oObIYHO NOBBIIIAETCS NMPH YBEIMYEHHH 4YUCIa Yac-
TOTHBIX I10JIOC, B KOTOPBIX IPOUCXOIUT pa3zaenbHast Koppekius. OHaKo B pe3ysbTaTe 3TOTO IKBajlai3ep CTaHOBUTCS
OJTHMM M3 I'POMO3JIKMX 3B€HbEB 3BYKOBOCIIPON3BO/IAILETO TPAKTA, XOTSI CAMO PETyJIMPOBAaHKE IPOU3BOAT HE OoJiee YeM
B 5 — 12 4acCTOTHBIX MOJIOCAX.

JJ1s TIOBEIIEHHS TUTABHOCTH W TIYOMHBI pETyIUpOBaHuS TeMOpa , BCe Yallle MCIIONB3YIOT aKTHBHEIE JJIEMEHTHI —
Tpamsuctopsl u OY, a Takke BKIIOYAIOT perymupyromue smeMeHTH B Ienmb OOC. B oTnmyme OT MacCHBHBIX
peryisTopoB (MMEIOMIMX TONBKO Iemd ¢opmupoBaHus AUX W coriacyromupe KacKalubsl) aKTHBHBIE PETYISATOPEI
o0ecrieunBarOT 0OJIbIIee OTHOLICHUE CUTHAI — IIyM M OOJIBIINK JHana3oH PerylInpoBKHA TeEMOPOB MPUMEPHO IPH TOM
K€ KoiM4yecTBe »HieMeHToB. Ilokasarenn KadecTBa peryiaTopoB TemMOpa ONpenesioT Takhe MapaMeTph
3BYKOBOCIIPOM3BOASAIIETO TPAKTA, KAK YPOBEHB IIyMa, KO3 (UIMEHT TapMOHUK, Jana3oH peryiupoBanus AUX, nuna-
MHUYECKUI Arana3oH U T. II.

K OCHOBHBIM TEXHHYECKUM XapaKTEPUCTUKAM PErYJISTOPOB TeMOpa OTHOCSTCS CIIEAyOLIHeE:

HOMUHANbHOE 6x00HOe HanpsdceHue [B] — ypoBEeHb BXOJHOTO CHHYCOMAAIBHOTO HANPSKEHUS, NMPH KOTOPOM
HaNpsDKCHUE Ha BBIXOAE paBHO HoMuHaimbHOMY (0,8+ +0,05) B. M3mepeHus mpoBOST, KOTJa PEryIsaTOpPBl TemOpa
HaXOJIATCS B IOJIOXKEHHUH, 00ECTIeUHBaIoIeM ropu3oHTaIbHyI0 AUX;

Koa¢hPpuyuenm nepeoayu na wacmome 1 kl'y — OTHOIIEHHE BBIXOJHOTO HANPSDKEHHS PETYJISATOpPAa K BXOIHOMY
HOMHHAJIBHOMY Ha dacToTe | K['II mMpu MOJOXKEHUAX PETYIHPYIONINX 3JIEMEHTOB, COOTBETCTBYIONINX TOPHU3OHTAIBHON
AUYX;

npeden peeyauposanus membpa [Ab] — OTHOIIEHHWE BBIXOJHOTO HANPSHKEHUS pEryisiTopa HAa YacToTax
MakcHMallbHOTO moasema M cmaga AUX (mpu KpaHUX TONO0KEHUSX PETYIUPOBOYHBIX 3JIEMEHTOB) K BBIXOJHOMY
HaIPSDKEHUIO peryisiTopa Ha yactore 1 kI’ mpu ropusonTansHoit AUX kackana;

nepeepysounas cnocoonocms [1b] — OTHOIIEHHE MaKCHMMAaJIbHOTO BBIXOJHOTO HampsDKEHHs mpu Koddduimenrte
rapmMoHUK 10% K BBIXOZHOMY HOMHHAJIBHOMY HampsDKeHHIo. V3MepeHus NpoBOAAT Ha 4YacTOTaX MaKCHMAaJIbHOTO
noabema AUX;

K02 puyuenm eapmonux [%)] — ko3GHUIMEHT HETUHEHHBIX UCKAXEHUH ITPHU CHHYCOMJaJIbHOM BXOIHOM CHUTHAJIE.
W3mepsiror B auanaszone vactoT 20... 20 000 ' mpu BXOAHOM HaNpsOHKEHUH, PABHOM HOMHHAJIBHOMY; PEryJISTOPHI
TeMOpa — -B MMOJIOKECHAH MaKCHUMAaJIBHOTO moabemMa AUX;

omHowenue cueHar — wym [1b] — OTHOIIEHNE BBHIXOTHOTO HAIPSDKEHHS CHUTHANIA P HOMHHAIEHOM BXOIHOM K
CPEIHEKBAIPATHICCKOMY 3HAUCHUIO HANPSHKCHUS IIyMa Ha BBIXOJE IPH OTCYTCTBHH CHTHAJNA. V3MepeHHs MpOBOISAT
0e3 B3BEIIMBAIOMICTO (IIIBTPA; PEryIATOPHl TEMOpPa JTOIDKHBI HAaXOAHUTHCS B MOJIOKEHHH, TIPH KOTOphix AUX kackama
TOPH30HTANIbHA.

Janee ommcaHBl CXeMBI PETyISTOPOB TEMOpa, COTIIACOBAHHBIX IO BXOAY C BBIXOZAMH Y3JIOB, O KOTOPBIX pPeyb IIUIa
pasbIIe. DTH PETYIATOPHl UMEIOT JAOCTaTOYHO HU3KOE BBIXOAHOE CONPOTHBIICHHE, YTO IMO3BOJSET MOAKIIOYHTH HX
HEMOCPECTBEHHO Ha BXOJ] YCHIIUTENIeH MOIITHOCTH.

Perynsrop remOpa Ha OY K153V /12. OH umeer cienyromine OCHOBHbIE TEXHUUE» CKHE XapaKTePHUCTHKH:

HomunanbHoe BXOAHOE HANpsKEHMUE. ........ 0,15B
Koadpdumwment nepenaun Ha wacrore 1 k[1I....... 15 nb

[penensr perymupoBanus TemMOpa Ha yacrore, [

100......cceene. +12 nb

10000................ +13 nb

ITeperpy3ounas crmocoOHOCTE (OTHOCHTENBHO ypoBHS 12 1b), HE
MEHEE.........eee... 10 ob

Koadduument rapmonrk B auanaszone gactot 20... 20 000 I'u, He
0oJIEE. ... 0,1%

OTHOIIEHHE CUTHAN-IIYM (HEB3BEIIeHHOE), He MeHee . . . . 70 n1b
BxonHoe compoTuBieHue............ 100 xOm

BrixoHOE CONPOTHUBIICHUE............ 1 kOm

Hanpsoxkenue nuranus............ +15B

Tok noTpebneHus. ........... 10 MA



Taxo¥ akTuBHBIA peryistop TemOopa ¢ RC moctom B mermu OOC (puc. 47), HECMOTpPsI HA IPOCTOTY, 00ECIEUnBaET
JOCTaTOYHYI0 Ti1yOuHy m3meneHus AUX ycuiurens B 00JacTH HM3IIMX W BhICHIMX 4YacToT. [Ipexensl perynmpoBku
AYX Ha gyactorax 50 'y u 15 x[' cocrapmisirot okosio +16 nb. Hannure OY DA no3BosisieT nony4uth Ko3pduimeHTt
nepelayd HalpsDKeHUsl peryssitopa Oouibllie eqUHULBI. B monoxkeHun MakcuMmaibHOro noarema AUX B oGnactu
HU3IINX U BBICIINX 4acTOT (pe3ucTopsl RS u R3 B kpaiiHeM JieBoM 1o exeme nojoxennn) AUX wa gacrotas 350 ['m u
1,5 xI'nu umeer nogeem Ha 3 nb. [l oOecrieueHns NMPUBENCHHBIX XapaKTEPUCTHK BHYTPEHHEE CONPOTHBIICHHE
HCTOYHMKA BXOJIHOTO CUTHAJIA JIOJDKHO OBITH He Oosee 1 kOMm.
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Puc. 47. MpuHuMnuanbHaa cxema perynsatopa tem6pa Ha OY 153Y[]2

Perynstop cMOHTHPOBaH Ha YHH(UIIMPOBAHHOW MOHTAXKHOM IJIaTe METOJOM 00BbEMHOr0 MOHTa)xKa. Pesucropsl R3,
R5 MoryT ObITH J1F000T0 THIIA C JIMHEHHOH 3aBUCHMOCTBIO (THIa A), octanbHble — MJIT-0,25, konnencatopst — KMG.
Kpome wmukpocxemsr KI153V2 wmoxno wucnons3oBats KI53V1, K140VA7, K140YA8 wu napyrue Q
COOTBETCTBYIOIINMH LETISIMH KOPPEKIIHH.

Jns nutaHns TeMOpOOJOKa MOXKHO HCIIONB30BaTh JIIOOOW CTAOMIM3MPOBAHHBIA JIBYXMONSPHBI HCTOYHUK
HanpspkeHus £15 B, obecnieunBarommuii Tok B Harpy3ke He MeHee 20 MA. Ilepex HacTpOHKOi TPOBEPAIOT PAaBUIBHOCTh
MOHTaXa CXeMbl. 3aTeM moxbopoMm KoHmeHcatopoB C5 m C6 ycTpaHSIOT BO3MOXKHOE CaMOBO30OYKICHHE y3la IMpH
KpalHUX TOJIOKEHUSIX PETYIATOPOB TEMOpa.

Perymsrop Tembpa ¢ ncnons3oBanuem nepeximodarerst tana [12K. Kak y)xe otMewanocs, yCHINTeNb, TOCTPOSHHBIN
Ha AUCKPETHBIX KOMIIOHEHTAaX, UCTIOJIB3YIOUINX CXeMOTEXHUKY OV, MOXXHO € yCIIeXOM MCIOJIB30BATh ISl IOCTPOCHUS
Pa3INYHBIX Y3-JIOB 3BYKOBOI'O YCHIUTENA. B kauecTBe mpumepa 37ech MOKa3aHO IPUMEHEHHE YCUINTEILHOTO MOIYIIA B
perymasTope TemMOpa.

Perynsrop TemOpa, puc. 48, uMeeT cleayIolne OCHOBHbIE TEXHUUECKHE XapaKTePHCTHKH:

HomunanbHoe BXOAHOE HaNpsKEHMUE. ........ 0,8 B
Koaddunment nepenaun na gacrore 1 kl'i....... 1
[Ipenensr perymupoBanus TemMOpa Ha yactore, [
100..... .. £12 1B

ITeperpy3ounas cnocoOHOCTE (OTHOCHTENBHO ypoBHA 12 1b), He menee 10 nb
Koaddunment rapmonuk B quanazone gactot 20...20 000 ', He 6onee 0,05%
OTHOIIEHHE CUTHAI-IITYM (HEB3BEIIEHHOE), HE MeHee .... 70 n1b

BxonHoe conmpoTUBJICHHUE ............ 47 kOm
BhIxosnHOE CONPOTUBICHHE........... | KOM
HanpsoxeHue nutanus........... .+15B
Tok motpebneHus.............. 20 MA

Cxema moxynst Al (puc. 49,a) aHanorn4yHa MCIOJIL30BaHHOM B KoppekTope (puc. 27). Tpansucropsl V11 u VT4
00pa3yroT mudepeHIaTbHyI0 Tapy, B 3MUATTEPHYIO IElb KOTOPHIX BKIIOYEH CTA0MIN3aTOp TOKA HA TPAH3UCTOpE
VT3. Takoe MOCTpPOEHHE IO3BOJAET MONYyYUTh XOPOIIYIO H3OJIIIMI0 BXOIHOTO Kackala OT MCTOYHHKA IHWTaHMSA U
SKCIUTYaTHPOBaTh TPaH3UCTOpHl V7! u VT4 B WX ONTHMAIBHOW Malomymsiei obmactu. [IpuMeHeHHMEM aKTHBHOM
Harpy3ku (TpaHsuctop V72) mocturaercs OONBIIOE YCHIIEHHE BXOJHOTO Kackafa. OMUTTEPHBIN ITOBTOPHUTENb
(Tpamsucrop V'T5) cormacyer BXOJAHOM M BBIXOAHOM Kackaasl. BeixomgHoi kackan (Tpansuctop V'76) paboTaer B pexxume
A Ha aKTHBHYIO Harpy3sKy, sIBISIFOILYIOCS CTa0MIM3aTOpOM ToKa (Tpan3uctop V77). Oto obecriednBaeT MakCUMaIbHOE
yCWJIEHHE W YJydYIlaeT JIMHEHHOCTh BBIXOJHOTO Kackajga. Pabora perymstopa TemMOpa € HCIIOJb30BAaHHEM 3TOTO



YCHIINTEIHHOTO MOJYJIS OSACHSETCS YIPOIIEHHONW CXeMOH, MPUBEIeHHOH Ha puc. 49,6.
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Puc. 48. MpuHumMnuanbHas cxema perynsitopa Tembpa o UCMONb3OBaHUEM MepekmnovaTena TMna
n2K

Kak BUIHO W3 pHCYyHKa, YCTPOHCTBO MPEACTaBISIET COOOW YCHIIHMTENb, OXBaueHHHBIN mapamtensHoit OOC. Oxna
Lenb 00paTHOM CBS3M BKJIIOYEHA MEXIy HHBEPTUPYIONIMM BX010M C M 0OLIMM IPOBOIOM, APYTasi — MEXKAY BBIXOJIOM
B u Bxomom C. OTHOLIEHHE COMPOTUBIEHUH 3THX YYacTKOB ONpPEIEIsieT YCHICHHE CXEMbI 10 NEPEMEHHOMY TOKY.
[TockobKYy KOMITOHEHTHI LEeNH OOpaTHONH CBA3M TOCTPOCHBI Ha pEaKTUBHBIX 3ieMeHTax, To AUX ycuimmrens
OKa3bIBAETCS YaCTOTHO-3aBUCUMOM. VI3MEHs1 HOMUHAIBI PEAKTUBHBIX JIEMEHTOB, MOXKHO JIETKO YIPaBIIATH MOJIBEMOM
WY CIIaJIOM YCUJIEHHUS Ha HU3KUX U BBICOKHX 3BYKOBBIX yacToTax. [lonHas cxema perynsTopa TeMOpa moka3aHa Ha pHC.
48. IMoacoenunssi nepexmovarensimu SBI1 («Huskue») u SB2 («Boicokue») pasnuunble RC 1ienu B uenb o0paTHOM
CBSI3U, MOXKHO PETYJIUPOBATh YCUIEHUE MOAYJIS M TeM CaMbIM KoppekTupoBaTh AUX ycunuresns.

Onementsl RC -neneit BBIOpaHbl TakkuM 00pa3oM, YTOOBI IIAr PEeryJIMpOBaHUS COCTAaBIAI 4 1b ¢ MakCUMalbHBIM
mpenenom perynupoBanus +12 nb. Ecnu kaonku SBI u SB2 OTXKaThl, YCHWICHHE TeMOpOOJIOKA ONpeAeseTcs
HOMHUHaJaMH 3neMeHToB R7, C7, Ri14, C14 (RI, CI u R2, C2 na puc. 49,6) u pasao npumepHo 10. ITpu stom AUX
YCHIINTENS] paBHOMEpHa B pabodeM [uana3zoHe 4JacToT. Perymsatop R/5 TO3BOISET COINAacoBaTh BBIXOA PEryssTOpa



TeMOpa (10 YPOBHIO) C BXOIOM YCHJIUTENS MOLIHOCTH.
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Puc. 49. MpuHumnmanbHaa cxema ycunutenbHoro mogynsa A1 (a) um ynpouweHHas cxema
perynsaTopa tem6pa (6)

JIBa kxaHama perynsTopa TemOpa coOpaHbl Ha TEYATHBIX IUIaTax, MOKa3aHHbIX Ha puc. 50 — 52. Ha puc. 60
NPUBEJICHBI TIeYaTHas IJIaTa YCUIIUTENbHOro Moy, s cTrepeooHHYecKoro yCHInTeNnsl HEOOXOAUMO H3rOTOBHUTH
JBa Takux Moxyist. [Ipu MoHTaxe y3na ucnoib3oBansl pesuctopsl MJIT-0,25, konaencatopsr KM-5, KM-6 u K50-6. B
KauecTBe mepekimodarened SBI w SB2 mnpumeneHsl nBa Onoka kommyrtatopoB I[12K (kaxaplii w3 mectu
TIepeKIToYaTesniei) ¢ 3aBUCUMON (prKkcanne, yCTaHOBJIEHHBIX C I1arom 15 mMm.

[Tocne pacnalikm Bcex 3JIEMEHTOB COOMPAIOT y3ell PeryJMpoBKH TemOpa. [InmaTel ¢ yCHIMTENEHBIME MOIYJISIMA
YCTaHABIMBAIOT B3aUMHO NEPIEHAUKYJSIPHO Ha 1uiare (puc. 52) CO CTOPOHBI JJIEMEHTOB M COEIUHSIOT
COOTBETCTBYIOIINE TOYKH OJHOKWIBHBIM 1poBogoM MM mmm MIIB guamerpom 0,8... 1 M. [Inater ¢ kHOmKamu (puc.
51 u puc. 52) pacmonararoT mapajiellbHO Ha paccTosHuU mpuMepHo 50... 60 MM (B 3aBUCHMOCTH OT KOHCTPYKIIAH
BCETO YCHJIUTENS) U COSTUHAIOT TAKUM K€ IIPOBOJIOM OAHOUMEHHBIE TOUKH | — 6.

Kak mpaBmiio, mpy HCIpaBHBIX AETANSIX W TPABUILHO BBITOJIHEHHOM MOHTaxe, TeMOpoOsok paboraeT 6e€3



HacTpoiiku. [Ipn HeoOXoauMocTn pe3ncTopoM R/5 MOKHO YCTaHOBHTH JKETaeMBId YPOBEHb CHTHAJa Ha BbIxoje. Jlms
MMUTaHUSA y3/1a MOKHO HCIOJIB30BATh JIO00W CTaOMIM3MPOBAHHBIN ABYXIIOJSPHBIN HCTOYHHK HampspkeHHeM +15 B,
obecrieunBaOLIMi TOK B Harpy3ke He MeHee 20 MA.
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Puc. 50. NMeyaTHas (a)  MOHTaxHas (6) nnaTbl yCUNUTENbLHOTO MOAY A

IIpocToit nsaTumonocHsl 3kBanaizep Ha AByx OV K153V /12 ¢ MUHHMAIbHBIM YHCIOM KOMIOHEHTOB. OOBbIYHBIC
JIBYXTIOJIOCHBIC PEryJISITOPhl TeMOpa HE MO3BOJISIFOT BBIJACIHTH HJIM JIOAABUTh Y3KYHO MOJIOCY 4acTtoT. Kpome Ttoro,
0OBIYHO TOYKH PETYJIMPOBKH BEICOKMX M HU3KHUX YACTOT B TAKHX perynsaropax oepyres Bomusu [2 x[' u 60 ', uto He
mo3BoJisieT 3((eKTUBHO BIHSATH Ma o6macte 4actor oT 200 I'm mo 5 x['m. 3HauMTEeNFHO OOJIBINIUE BO3MOXKHOCTH Y
MHOTOIIOJIOCHBIX PETYJSTOPOB TeMOpa WM JKBAJIai3epoB («BBIpAaBHUBATENCH» YAaCTOTHOW XapakTepucTukm). Kak
MPaBHJIO, HKBATAW3ePhl CTPOST 1O MPHUHIMUITY pPa3lIeNeHUs BCe MOJOCH MPOIMYCKaeMBIX YacTOT Ha HECKOJBKO (OT
getplpex a0 30) monoc Ha 0a3e COBOKYNHOCTH AaKTHBHBIX Y3KO-TIOJIOCHBIX (PHJIBTPOB, CHTHAN C BBIXOJIa KOTOPBIX
00BeMUHACT CYMMHPYIOIIUN yCHIN-TENb. JTO OOYCIOBIMBACT OTHOCHUTENBFHO BBICOKHE 3aTpaThl, TaK Kak s
Ka4yeCTBEHHBIX (PHIBTPOB HEOOXOIUMBI BBICOKOTOYHBIE KOMIIOHEHTEHI.
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Puc. 51. NevarHas (a) n MOHTaXHas (6) NnnaTbl BbICOKOYACTOTHOrO MOAYIsA perynsatopa Temopa

Ha puc. 53 mokaszana cxema IMpOCTOTO dKBANIaii3epa, HMEIOIIEro Mpy HEOOIBIIIOM KOJIMIECTBE IIEMEHTOB JIOBOJIHHO
BBICOKHME KadeCTBEHHBIC MOKAa3aTeaH. YMEHBIICHNE KOJMYECTBA HJIEMEHTOB JOCTUTAETCSA TEM, YTO B LENb OOpaTHOH
CBsI3M OOBIYHOTO JBYXMOJOCHOTO peryisitopa temOpa Ha OY DA2 BrmoueHsl momonmHuTensbHO Tpu RC mermm ¢
YaCTOTHO-W30MpaTeNbHBIMI  CBOiicTBaMu. OO0MacTH dYacToT, B KOTOpBIX perymupyercas AUX, ompenensrorcs
napamerpamu RC nenei, BkmtodeHHbIX B meTiro OOC, oxBateBaromeid OY DA2.

OH uMeeT cleayroIe OEHOBHBIC TEXHHUECKNE XapaKTEPUCTHUKU:

HoMuHaneHOe BXOAHOE HalpsKEHHUE....... 0,2B
KonmyecTBo 4acToT peryaIupoBaHusL....... 5
YacToThl peryTupOBaHUs. ......... 40, 200, 1000,

4500, 16000 I'g
IIpenensi perynupoBanust AUX........ +15 nb
Koaddunment rapmonuk B quanasone gactot 20 ... 20 000 I'r 0,1%

[eperpy3ounast ciocoOHOCTh, HE MEHEE ...... 10 nb
OTHOIIEHHE CUTHAI-IITYM (HEB3BEIICHHOE)...... 70 nb
BxoaHoe conpoTtusieHue.......... 30 xOm

BrixoHOE CONPOTHUBIIECHUE. .......... 1 kxOm
Hamnpsixenne nutaHus....... ... +15B

Toxk notpebieHus. .......... 30 MA
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Puc. 52. lNMeyaTHas (a) u MOHTaxHas (6) nnaTbl HA3KOYACTOTHOrO MOAYIsl perynsaTopa Temépa

IIpu nepemernieHNH JBMKKOB EPEMEHHBIX pe3ucTopoB R6, R13, RIS, R23 a R27 BBepx (10 cXeMe) yCUIIEHUE 3TOr0
KacKaJla Ha 4acToTaxX pPEeryJIMpOBaHUsl YMEHBIIAETCs, NPH MEpPEeMElIeHu: BHU3 — Bo3pactaer. [Ipum stoMm riyOuHa
perynupoBanus AUX Ha dvactotax 40, 200, 1000, 4500 u 16000 I'iy coctaBnser mpumepHo =15 nb. s pabotsr
peryisitopa Ha OY DA2 HeoOX0aUM UCTOYHUK CHTHAjIa ¢ HEOOJIBIIMM BBIXOIHBIM CONPOTHBIeHUEM (He Oonee 1 kKOm).
Ecny nctouyHMK curHana BBICOKO-OMHBIHM, BKIIo4aroT kackan Ha OY DAI. HeoOxonumoe HanpsbKeHHE Ha €ro BBIXOA!

YCTaHaBJIMBAOT MMOACTPOCUHBIM PE3UCTOPOM RS.
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Puc. 53. NpuHuMnuanbHas cxema NATUMNONOCHOIO 3KBanansepa Ha asyx OY K153y[12

Ha newarHoit mnare (puc. 54,a) coduparoT aBa KaHajia SKBanaiizepa. Pe3ncTopsl 1 KOHAEHCATOPHI, HCIIOJIB3yEMBIE B
peryisiTope, HOJDKHBI OBITH TOJOOpaHBI ¢ TOYHOCTHIO HE Xyke +10%. Bompmmii qomycKk yXymIIUT XapaKTEePHUCTHKH
peryIsTopa, He BIHUSS Ha CTa0MIBLHOCTH ero paboTsl. Mukpocxembl DAl u DA2 — nrodbie OY 001ero npuMeHeHsI C
COOTBETCTBYIOIIMMH LIETISIMHU Koppekunu, Hanpumep, K153V (1, K153V (3, K140Y 17, K140V I8. Pa3Boaka mevyaTHOH
MIaThl AomyckaeT BriroueHne MukpocxeM K153V /1, K153V /13 co cBonMH IENsIMU KOPPEKITUH.
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Puc. 54. lNMeyaTHan (a) u MOHTaxHas (6) nnaTbl NATMNONOCHOIO 3KBanansepa Ha asyx OY KO53ya2

Jns nuraHMs SKBanaiizepa clieqyeT MCIOJb30BaTh JH00OW CTaOMIM3MPOBAHHBIA JBYXSOJSIPHBI HCTOYHUK
HarpsbkeHueM =15 B, oGecnieunBaronmii Tok B Harpyske He MeHee 30 MA. Ilpu ucnpaBHBIX AeTasIX JOCTAaTOYHO
MIPOBEPHUTH TPABWIBHOCTh MOHTaxa. I[loncTpoiikoil pesucropa RS ycTaHaBIMBAIOT HEOOXOAMMOE BBIXOJHOE Ha-

MpsDKEHME.

[IsaTHnonocHbIH 3KBanaI713ep Ha 0Oase CHUHTC3UPOBAHHOI'O IMOCJICAOBATCIBHOIO KOHTYpa C HCHOJIb30BAHUCM oy

K153V /2 (puc. 57). OH uMeeT clenyronue OCHOBHBIE TEXHIUECKUE XapaKTePUCTHKY;

HomuHanpHOE BXOJHOE HAIPSDKEHHE
KonmgecTBo 4acToT peryanpoBaHus
YacToTsl perympoBaHus
3200, 12800 I'

IIpenens! peryauposanus AUX

50, 200, 800,

+12 nb

Koaddunuent rapmonuk B auamnazone yactoT 20 ... 20 000 I'x,

He Ooitee



ITeperpy3ouHast criocoOHOCTE, HE MEHEE . . . . . . 10 nb
OTHOIIEHHE CUTHAI-IITYM (HEB3BEIICHHOE)...... 70 nb

BxonHoe conpoTuBieHue
BrixoaHoe conpoTHUBIIEHUE...
Hanpsxenune nuranus
Toxk notpebiieHus............

YacTo 111 IOCTPOEHUS MHOTOMOJOCHBIX AIKBalaii3epoB HAaXOAAT NpUMeHeHue perynsaropsl ¢ LCR-anemenTamu
(puc. 55), ¢ momompo KOTOpEIX AUX HM3MEHAIOT HAa HECKOJBKHX YyYacTKaxX YacTOTHOTO Auamna3oHa. OCHOBHas
TPYIHOCTh HPH WX peaJn3alyyl 3aKII0YacTCsl B M3TOTOBICHHUM MHIYKTUBHOCTEH 0€3 MCIIONB30BaHMS TPOMO3AKHX U
CO3JAIOINX 3HAYNTEIbHBIE HABOAKH pocceneil. OnHako ucnoip3oBanne OV Mo3BoisSeT JOBOIBHO MIPOCTO PELINTH 3TY
3agady. Ha puc. 56,a mpuBeneHa cxema IPOCTEHINEro rupaTopa — KacKaja, MMEIOIETO WHIYKTUBHYIO BXOJAHYIO
MPOBOUMOCTD, ET0 SKBHUBAJIEHTHAs CXeMa N300pakeHa Ha puc. 56,6,

3 Xoc" Z;ﬂ&‘f g% {'5"2
RIYA2

&

Puc. 55. CtpykTypHas cxema perynsitopa Puc. 56. Cxema rmupatopa (a) u ero
Tem6pa c LCR anemeHTamun 3KBUBaneHTHas cxema (6)

Hanpsoxerne curaana U, ¢ Berxoaa noBtopurens Ha OY DA gepe3 konaeHcarop C/ MOCTynaeT Ha BTOpOE IUIEYO
— pesuctop R/. C noBbIIEHHEM YacTOTHI IepeaBaeMoe uepe3 konaencarop C/ HalpspkeHHEe BO3pacTaeT, a pa3HOCTh
NOTEHIMAJIOB Ha KOHIAX pesucropa R/ mapaer. [loaromy TOK, oTOMpaemsblii oT ucrounuka U, depe3 pesuctop R,
YMEHBIIIAETCS C POCTOM YacTOThl U OoTcTaeT mo (ase or Uc (b->1m/2 npu w->00). DTO ycloBHe OOCCICUHBACT
WHIyKTUBHBIA XapakTep BXOIHOH ITPOBOAMMOCTH. DKBHBAJIEHTHAS MHAYKTHBHOCTH Lg onpenensercs BelpaxkeHneM-L,
=CIl RIR2.

[TomHas BXomHAsI MPOBOAUMOCTH Kackana gx=1/(R1 + R2+ jwRI R2C1).

BrrounB mocnenoBaTedbHO € BXOIOM THparopa KoHaeHcatop C,, MOXXHO TOJYYHTH ITOCIEHOBATEIBHBIN
PEe30HAHCHBIN KOHTYP, 9aCTOTa HACTPOMKH KOTOPOTO perynupyercs naMeHenneM emxocten C, u C1.

[IpakTryeckast cxema MATUIIOIOCHOTO IKBaJIaii3epa, MOCTPOCHHOTO Ha 6a3e CHHTE3MPOBAHHOTO ITOCIIEAOBATEILHOTO
KOHTypa, ¢ ucmomnb3oBanumeM OY KI153Y]/12 mpuBemena Ha puc. 57. BxomHoii curHam mocTymaer Ha JBOWHOMN
cuMMeTpuuHbIA auddepeHnnanbapii kKackan (Ha tpansucropax VTil, VT2 u OY DA6), oxBaueHHBIN TallbBAHWIECKOM
0OpaTHOW CBSI3bIO, YTO CIOCOOCTBYET CTAOWIIM3AIMM PEXHUMa KacKaJoOB IO IOCTOSHHOMY TOKY. [IATh aKTHBHBIX
IIOJIOCOBBIX (l)l/L]'ll)TpOB, 3KBUBAJICHTHBIX I/l36I/IpaTeJ'II)H]:lM IMOCJICA0OBATCIIbHBIM KOHTYpaM, OpUAar0T O6paTHOl7[ CBA3HU
4aCTOTHO-3aBUCHUMBII XapakTep.

Paccmotpum paboty omHoro ¢uibrpa. JomycTiM, 4TO JBHXKOK IIEPEMEHHOTO pe3ucTopa R4 HaXOAWTCS B HIDKHEM
10 CXeMe€ IT0JIOKEHHH, TIPH KOTOPOM B LIeNH 00paTHOM CBs3M 00pa3yeTcs AEIUTeNh HapsDKEHHS, COCTOSIMHA n3 R20 n
Cl, (RI + 3-R2), L;5 = C2RIR2. Ha pe3onaHcHOI yactore KoHTypa fp=Il/(2n\/L;5CI) ero conpoTuBIEHHE U TIyOnHA
OOC MuHHMAaNBHBI, a2 KOX(QQHUIUEHT YCHUICHHsS MaKCHMaleH. B BepXHEM MOIOKEHUH IBHXKA pe3ncTopa R4 KOHTYp
IIYHTHPYET BXOJHYIO LIENb MEpBOTO Kackaaa, n3-3a 4ero npu pesoHance AUX mpuobperaeT mpoBai Ha gactorte fp, a B
MIPOMEXXYTOYHOM TIOJIOKEHUN TOTeHIMoMeTpa R4 AUX craHoBUTCS IUIOCKOW. OcTanbHBIe (IIBTPH ICHCTBYIOT
aHaJorTMYHO. B maHHOM perymarope pe3oHaHCHBIE YaCTOTHI KOHTYPOB CABHHYTHI MEXAY COOOW Ha YETHIPE OKTaBBHl U
pasusr 50, 200, 800, 3200 u 12800 I'm, a roybmHa perymupoBku gocturaetr +12 ab. nsd ydaydmieHHS OTHOIICHHS
CHTHAJ — UIyM BXOJHOW nuddepeHnnanbHplii Kackaj BBINOIHEH Ha Manomymsnmx Tpansuctopax KT3102/1. Lens
R19, C16 ycrpansier caMoBO30y>KI€HHE KacKa/ia Ha BEICOKHX YacTOTaXx.

KoHCTpYKTHUBHO 3KBajiaii3ep BBHINOJIHEH Ha YHHU(DUIMPOBAHHOW MOHTa)KHOH IIaTe METOJIOM OOBEMHOTO MOHTaXKa
(cm. puc. 32). Ilepemenusie pesuctopel R4, R7, RIO, RI3, R16 moryt ObITh IIOOOTO THIA C (DYHKIMOHATBHON
3apucuMocThio THIa A. Konnencaroper C1, C2, C4, C5, C7, C8, C10, CII, C13 u C14 cocTaBiieHbI U3 HECKOIBKHX (IS
ynobctBa Hactpoiriku) tuna KM-5 mwim KM-6. TloMmumo ykazaHHBIX Ha cxeMe MoxxkHO mpumenats OY K153V/I1,
K140V 17, K140Y 18 u 1. 1. B3amen tpanzuctopoB KT3102/] noxoiixyT Tpansuctops! TimoB KT209, KT3I'5, KT342 u
T. 1. OMHAKO HAZIO CTPEMUTHCS UCIIONB30BaTh MAJOIIYMSIIHE TPAH3UCTOPHI.

HanaxunBaane coOpaHHOTO W3 MCHPABHBIX JeTaleil KBaaii3epa Mpy MPaBUIHHO BRITOTHEHHOM MOHTaXXE CBOIHUTCS
0 CyIIeCTBY K MpOBepke ero pabotocmocoOHOCTH, IIuTaTh SKBanai3ep MOXKHO OT JHOO0TO CTAOMIM3MPOBAHHOTO
JIBYXIOJSIPHOTO MCTOY» HUKA HampspkeHneM £15 B, obecnieunBaromero Tok B Harpy3ke 100 MA.
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Puc. 57. MpuHuMnNnanbHasi cxemMa NATUNOJZIOCHOrO 3KBaran3epa Haba3e CHMHTE3NPOBAHHOIo
nocriefoBaTeNibHOro KOHTypa

OKTaBHBI OJMHHAALATANONOCHBIH SKBamaizep (puc. 58). OH HMeeT cieylOlMe OEHOBHBIE TEXHHYECKHE
XapaKTEePUCTHKH:

HomunanbHOE BXOAHOE HAPSIKEHMUE....... 0,8 B

KonmgecTBo 9acToT peryiampoBaHus....... 11

YacToThl peryIHpOBaHUS.......... 30, 56, 104, 194,

360, 671, 1249, 2325, 4328, 8057, 15000 I'a

[Ipenenst perynupoBanus AUX........ +12 nb

Koappuuument rapmonuk B auanazone yactot 20 ... 20 000 I'y 0,1%

[Teperpy3o4Hasi cioCOOHOCTh, HE MEHEE ...... 10 nb
OTHONIEHUE CUTHAI-IIIYM (HEB3BEIICHHOE)......70 b
BxoaHoe conpoTtuBneHue.......... 1 kOm

BrixonHOE CONPOTHUBIICHUE. .......... 1 kOm

Hanpsoxenue nutanust
Tok motpebnenus............

Kak mpaBmio, *uiple KOMHATHl UMEIOT OTpaHUYEHHBIE pa3Mephl H, Kak Jr000ii ®aMKHYTHIH 00beM, OHH HMEIOT
PE30HAHCHI Ha 3BYKOBBIX YacToTax. Hampumep, npsiMoyronpHas KoMHata pasmepamu 4,2X3,4X2.5 M nMeeT pe30HaHCH
Ha gactorax 40, §0 u 70 ['u, HumM U TPpyOBI OTOIUIEHHS B HEH AIOT PE30HAHCH HA Oojiee BRICOKMX dacToTax. OOBIdHO
UCIIONIb3yEMbIE PEryJsATOpbl TeMOpa 00ecredMBaloT IUIaBHOEe peryiupoBanne AUX, rinaBHbIM 00pa3oMm, Ha Kpasx
JMana3oHa pabounx 4acToT. EcTecTBeHHO, Takas peryjiupoBKa TeMOpa He IH03BOJISieT KOMIEHCHPOBAaTh KOMHATHBIC
PE30HAHCHI.

Cxewma, puBeieHHAs Ha puc. 58, crenuanbHO pa3paboTaHa Juis KOPPEKLIUH KOMHATHBIX PE30HAHCOB U PE30HAHCOB
aKyCTMYECKUX CHCTEM. OKBalaif3ep COJEPKUT OAMHHAUATH AKTHBHBIX IIOJIOCOBBIX (DMIIBTPOB, YTO IIO3BOJISIET
OIy4YuTh JoctatodHo rudkyo AUX. Kaxnenii unetp Z comepxut asa konaeHcaropa CI, C2, nBa pesuctopa R/, R2 u
OIIMH OTIepPallMOHHBIN ycmmutenb DAI. PezoHaHCHBIE 4acTOTHI (MIBTPOB BEIOPAHBI TAKMMH, YTO OTHOIICHHE YaCTOT
coceHUX (GUIBTPOB MPUOMIBUTENRHO paBHO 1,86 (cM. manee Tabm. 3). IIpm 3TOM MOJOCHI TpOMyCKaHUs (UIBTPOB
MEPEKPHIBAIOTCS TaK, YTOOBI 00eCHeYuTh TOpU30HTaNBbHYI0 AUX Bcero perynstopa, U HyJeBOil (a3oBblil CIBHT B
TOYKax mnepexona (QUIbTPOB. DTO JOCTUTHYTO TeM, 4TO (a30BOe OMEpekeHHe OAHOTO (HUIbTPA KOMIEHCHPYETCS
(a3oBbIM 3anazasiBanueM apyroro. JlooporHocts Q GunbTpoB, naromas miockyro AUX, pasua 1,25. ITpu atom mosoca
TPOIyCKAHUs dKBaaii3epa 1o ypoBHIO — 3 1B cocramsier 18 I'm...'21 k['u. Jo6porsocts Q=125 npenonpenenuna
ycuieHue GUIbTpa, KOTOPOE B 3TOM Cllydae JIOJKHO ObITh paBHO 3 (R2/2R1).

BBIXO/IHBIE CHUTHAJIBI MTOJIOCOBBIX (HIIBTPOB OOBEIHHSIOTCS HAa BXOAe CymMmupytoriero ycuwiurens va OY DAI. B
Cpe/HEM TIOJIOKEHUH JIBIKKOB pe3ucTtopoB R4 AUX skBanaiizepa TOpU30HTAIbHA, a KOAQQUIMEHT mepeaadn paBeH
enuHule. MakcumanbHas perynupoBka AUX B mojoce kaxnoro ¢wibTpa cocraBisier +12 nb u onpenensercs
pe3uctopamu R3 u R4.
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Puc. 58. MpuHuunuanbHaa cxema OQUHHAALATUNONIOCHOrO 3KBanamsepa

Huns moHTaxka MuKpocxeM DAl WCTONB3YIOTCS TEPEeXOAHbIE MedaTHhle IUiaTtel (puc. 59), KOTOphle 3areM
pa3MemaioT Ha IUIaTe MOJIOCOBEIX QmIbTpoB (puc. 60). 310 Mo3BoNIAeT O€3 H3MEHEHI HAa OCHOBHOH IIIaTe (IBTPOB
MIPUMEHATh PA3IMYHBIE THUIBI MHKPOCXEM CO CBOMMH IIEMsIMHM Koppekumu. Ha kaxmod mnepexonHoil mare
ycTaHaBIMBaloT 10 1Ba OY.

Ha otnenbHo# ewatHo# 11ate (puc. 61) CMOHTHPOBaHBI PeTyIMpoBoYHBIe pe3ucTopbl R4 (CII3-22). [Ipumenenue
3TOTO THIIA PE3UCTOPOB OOBICHIETCS TEM, YTO JKBanai3ep OyaeT HaXOAUTHCSA BHYTPH KOPITyca YCHIMTENS W, OyIoydn
HaCTPOCHHLIM [JIs1 KOHKPCTHBIX IMOMEHICHUA U aKyCTI/IlIeCKOﬂ CUCTEMbI TIOCTOSAHHO, HC MNEPECTPpanuBaACTCA. I[J'IH
U3MEHEHHs1 TeMOpa 3BydaHHMsl MPEAINOJIaraeTcsi UCIOIb30BaHUE OOBIYHOW PETYJIMPOBKH TeMOpa, KOTOpask BBOJHUTCS B
HpeﬂBapHTeﬂbeIﬁ YCUIIUTECIIb. Huzkoe BBIXO/THOC COIIPOTUBJICHUC (l)l/lﬂprOB IMO3BOJIACT YCTAHOBUTH 06])I‘IHI)IC JIBHXK-
KOBBIE MJIM OCEBBIE TIEPEMEHHBIE PE3UCTOPHI HA HEKOTOPOM PACCTOSIHUY OT IUIATHl (DHILTPOB 0€3 ONaceHusl yXyIIIeHHs
paboThI M3-32 HABOJIOK.

I[ToMuMoO yKa3aHHBIX Ha CXEME MHKPOCXEM MOXKHO HCIONb30BaTh 00kl OV o00mero mnpuMeHeHus ¢
COOTBETCTBYIOIIMMH LEIsIMU KoppeKiuy. HomuHans! KOHIeHCaTopoB (GrinbTpoB npuBeaeHs! B Tadu. 3. KongeHncaTtopsl
JOJDKHBI UMETh TOYHOCTB HE Xyke 5%, pe3uctopsl — He Xyxe 2%. st ynpomieHnss HaCTpOHKH 4acThb €MKOCTEH
(GUIBTPOB COCTaBIIEHA U3 JIBYX KOHJCHCATOPOB.

HanaxxuBaHue coOpaHHOTO W3 HCIPAaBHBIX JeTaleil y3na CBOAWTCA K MPOBEPKE €ro pabOTOCHOCOOHOCTH.
Heo6xoaumo TmIaTesNbHO NPOBEPUTH OTCYTCTBHE CAMOBO30Y)KIEHHUSI yCTPOMCTBA BO BCEX MOJOXKEHHUSIX OpPraHOB
peryiaupoBaHusi TeMOpa. DKBanai3ep MHUTAETCsl OT CTAOMJIM3UPOBAHHOIO JIBYXIIOJIIPHOI'O MCTOYHMKA HAINPSHKEHUEM
+15 B, obecrieunBaroniero Tok B Harpy3ke He MeHee 250 MA.
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Puc. 59. MeuyatHas (a) M MOHTaxHasa (6) nepexoaHble nnaTbl OJAWHHAALATUMONOCHOIO
3KBanansepa
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Puc. 60. MNevaTtHasa (a) n moTaxHas (6) nnaTbl NONOCOBbLIX (PUNBLTPOB OAMHHAALATUMNONOCHOIO
3KBanansepa
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[Tapamerpuueckuii skBamaiizep Ha OY KI53V2 (puc. 62). OH mMeeT ClEAyIOIIHE OCHOBHBIE TEXHUYECKHE
XapaKTEePUCTUKH:

HomuHansHOe BXOHOE HAMPSKEHHE. ... 0,8 B
KosnruecTBO 4acTOT peryJmpoBaHus ...... 2

YacToTel peryaMpoBaHusL......... 40 ... 1200 u

1200... 15000 I'y

IIpenensl perynupoBanus AUX....... +16 n1b

[penensl peryTupoOBaHUs IIUPHHBI ITOJIOCH! IPOIYCKAHHS
(UIBTPOB ............. 0,3... 3,6 oxTaBHI

Koadpdumument rapmonnk B auana3one 9actot 20...
...20000 I', He Gonee......... 0,1%

ITeperpy3ounas cnocoOHOCTB, HE MeHee..... 10 1b
OTHOIIEHHE CUTHAN-IIYM (HEB3BEIIeHHOe), He MeHee . . 70 nb

BxonHoe compoTuBieHue......... 20 kOm
BrIxoHOE COPOTUBIIEHHE......... 1 kxOm
Hanpsxenne nuranusl.......... +15B

Tok noTpebneHus. ....... -.. 120 £.10 MA

Tounoctp perymupoBaHuss AUX 3ByKOBOTO TpaKTa TIPH HCIHOIB30BAaHUM MHOTO-TIOJIOCHOTO JKBajaizepa
3HAQUUTEIBHO TOBBIIIACTCA TPH YBEIUUCHWH YHC/IA YacTOTHBIX II0JIOC, B KOTOPBIX HPOM3BOIUTCS pa3lelibHas
koppekuusi. OnHaKoO B pe3ysbTaTe 3TOr0 OH CTAHOBUTCS JOBOJIBHO CIOXHBIM M JJOPOTHM Y3JIOM 3BYKOBOCIIPOH3BO/IS-
LIETO TPAKTA.

Tadauna 3
DubTp Pe3onancnas CI1=C2, n® DuabTp Pe3onancnas c2=C2, n®
qacroTa, I'n qacroTa, I'ng

71 30 180000 77 1249 3900
72 56 100000 78 2325 2200
73 104 47000 79 4328 1200
74 194 27000 710 8057 560
75 360 15000 711 15000 330
76 671 7500

Ha pue. 62 npusesneHa cxeMa napaMeTpU4eCKOro dKBanaii3epa, KOTOPBINA COAEPHKUT BCETO ABE YACTOTHBIE MOJOCHL,
HO 10 TOYHOCTH Koppekuun AUX oH He ycTymaeT OOBIMHBIM SKBanaiisepam ¢ yucioMm monoc 5 — 8. Ilupoxwuit
JIMana30H PEeTYINPOBaHMS 3A€Ch JOCTHIAETCA TEM, YTO B KaXKAOM M3 JIBYX ITOJIOCOBBIX (PHIBTPOB, KPOME PEryJsiTOpa
TITyOMHBI KOPPEKLNH, BBEICHBI PETYIISITOPB JOOPOTHOCTH U PE30HAHCHOW 4acTOTHI. ToO eeTh oOecneueHa BO3MOKHOCTD
KaK TOYHOW HACTPOWKH KaXIoro (HUIbTpa Ha ONPEAETICHHYIO YacTOTy, TaK M PETYIMPOBAHUS YCWIECHHS W TIOJOCHI
mpomyckaHus kKaxaoro ¢unerpa. Yacroty Hactpoiiku ®HY moxHO m3mensats ot 49 no 1200 I'm, ®BY ot 1,2 mo 15
k['1. [Tomoca mpomyckanus kaxxaoro GpuipTpa mepectpanBaercst B nuaTepBaie ot 0,3 10 3,6 okTaBel. OTOT TEMOPOOIOK
MOKHO HCIIOJIB30BaTh U KaK OOBIYHOE YCTPOMCTBO PEryIHpoBKH TeMOpa, 3aUKCUPOBAB YaCTOTHI HACTPOHKH M IIUPHHY
HOJIOCHI TIPOITYCKaHMs KaKaA0ro Gpuibrpa. CxeMoTexHHUecKn 00a GuibTpa MoCTpoeHsb M0 OAMHAKOBOW cxeMe Ha 0ase
AKTHBHBIX (DMIIBTPOB, MO3TOMY paboTy CXEMBI MOYKHO paccMOTpeTh Ha npuMepe padorst GHY.

OneparnuonHbiil ycunurenb DAZ2 BKIIOUEH Kak CyMMupyromuii uHBeprop. Ha ero wuHBepTHpyrommili Bxof
MOCTYIAIOT BXOJHOE HAIpsHKEHHE depe3 pe3rucTop RY M HanpspKeHHE C BBIXOJIA ITOJIOCOBOTO (PHIIBTPA, BHIOJIHEHHOTO
Ha nByXx OY DAl m DA3. HampspkeHne Ha BXOZE IOJIOCOBOTO (DMIIBTpa OMNpPENEISIeTCsl IMOJO0XKEHHEM JIBIDKKA
TIepeMEHHOTO0 pe3uctopa R1(, KOTOPbIM M3MEHSIOT aMIUIMTYy U (a3y CHUrHaja, moJaBaeMoro Ha Bxox ¢guistpa. Ecin
(aza curHaNa TMOJOXHUTENbHA, TO HA MHBEPCHOM BXOJe (Ha BBIBOJE 2) MUKPOCXeMBI DA2 MPOUCXOIUT CYMMHUPOBAHUE
CHTHAJIOB, eciM (paza ewrHaina OTpUIATeNbHA — OCIA0JCHNE BXOAHOTO CHTHana. Pe3oHaHCHYIO 4acToTy (uibTpa
MEPECTPANBAIOT CIBOCHHBIM IEPEMEHHBIM pe3uctopoM R6.1, R6.2. Tlosmocy mpomnyckanusi (QUIbTpa pPeryJiupyroT
CIBOCHHBIM TIEpEMEHHBIM PE3UCTOPOM R4A n R4.2.

[TapameTpudecknii SKBanai3ep CMOHTHPOBAaH Ha YHH(UIIMPOBAHHOW MOHTXHOH. IIaT€ METOAOM OOBEMHOIO
MOHTaa. [loMHMO yKa3aHHBIX Ha CXe€M€ MHUKPOCXEM MOXKHO Takke ucnonb3oBath OY KI153V]I1, KIO40V]7,
K140Y]/I8 u npyrue oOIiero npuMeHEHHsI ¢ COOTBETCTBYIONIMMH IEISIMA KOPPEKIUK: TepeMEHHbIC pe3ucTopsl RIO,
R25, R6, R2] — CII3-23 ¢ nuHeliHOM 3aBUcHMOCTBIO (THNa A), R4, R19 — O (QyHKUMOHAIBHOW 3aBUCUMOCTBIO (THIIA
B); ocranbusie pesuctopsl — MIJIT-0,25; konnencatopsr — K.M-5, K.50-6.

[Ipyn mpaBHMIBHO BBINOJIHEHHOM MOHTa)X€ M HMCHPABHBIX KOMIIOHEHTAaX dKBajlaii3ep paboTaeT IMpakTHYecKH Oe3
HACTPOMKH 1 HaJaXMBAaHUE CBOIMTCS JIMIIb K MPOBEPKE €ro padoTocrocoOHOCTH. [y muTaHus ciieyeT UCIoIb30BaTh
JIBYXTOJSIP-HBIA CTaOMIN3NPOBAHHBI UCTOYHUK HampspKeHHeM +15 B, obOecrmeumBaromuii TOK a Harpyske He MeHee
150 MA.
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Puc. 62. MpyHuMnuanbHaa cxema napameTpu4ecKoro aKBanamnsepa

KBAJIPAITPEOBPA3OBATEJIN

Jus ycuneHust nefcTBuid ctepeoddderra, TaKUX KaK YBEIHUCHUE JIOKAIM3AIlUH 3BYKOB IO TITyOHHE, pacIIupeHne
IUIOMIAaN  JeHcTBUSA  cTepeoddexTa, COo3MaHWe TOYHOTO ONIYIIeHHS  «aTMOocephl  3aja», CO3IaroTcs
YeThIpeXKaHAIbHbIE KBaJpaOHUIECKHE CHCTEMBI 3BYKOBOCIIPOM3BEICHUSA. B 3aBHCHMOCTH OT YHCIa 3alMCAHHBIX U
BOCTIPOM3BOAMMBIX KaHAJIOB OHU JIEJATCS HA TPU THIIA!

TIOJTHAS WM JUCKpeTHas KBalpadoHHYecKass CHCTEMa CO CTPYKTYpo# «4-4-4» — deTsipe KaHala 3aIlliCH, YeThIpe
KaHajla Iepeslauyl U YeThIpe KaHalla BOCIIPOU3BEICHUS;

KBa3WKBa/IpahOHMUECKass CUCTEMa CO CTPYKTYpOH «4-2-4)» — ueThlpe KaHaiua 3alKCH, JBa KaHajla Mepeiadyd u
YeThIpe KaHalla BOCIIPOU3BEICHHUS;

TICEBIOKBaIpaOHUYECKAst CUCTEMA CO CTPYKTYPOit «2-2-4» — 1Ba KaHaJIa 3alucH, J[Ba KaHaJlla Iepeiayn U YeThIpe
KaHaJ1a BOCIIPOM3BEICHUS.

[InpokoMy HCHOJNB30BaHUIO KBAJAPA()OHUUECKHX CHCTEM NPEMATCTBYIOT COOOpaXEHHS OSKOHOMHYECKOTO
XapakTepa, Tak KaK YeThIpeXKaHaJbHbIC HOCHTEIH NMEPBUYHON 3BYKOBOW MH(pOpMAIHMK BeehbMa JOPOrH. UTo Kacaercs
YCHIIUTEICH W aKyCTUIECKUX CHCTEM, TO 3/eCh NPUHIUIHAIHHBIX 3aTPyIHCHUN B peann3anui kBagpadorun ker. s
IIMPOKOTO MPUMEHEHUS TOTHOHW KBaIpa(OHUM TTOKA HE XBAaTA€T COOTBETCTBYIONINX UCTOYHUKOB CUTHANA, T. €. IIepenad
B o¢upe, 3ammceili Ha TpammacThHKax. Hambomee ™POCTO OCYIIECTBUTH 3allCh M BOCIPOU3BEICHUE
KBaJpaOHUYECKUX CUTHAIIOB MPH HAIMYUHU YEThIPEXKaHAJIbHOTO MarHutooHa. Cpeau MoiHbIX KBaJapapoHHIECKUX
CHUCTEM Tpam3amucu Hamboiiee m3BecTHOH sBisiercs cucremMa CD-4, mpemnoxkennas ¢upmoit JVC-Victor (SInonus).
I'pamrutaeTHHKY, U3roToBieHHbIE 110 cucteMe CD-4, MOKHO NPOUTPHIBATH Ha OOBIYHBIX MOHO- M CTEPEO(GOHUUECKUX
HPOUTPBIBATEISAX, T. €. 3T CUCTEMA SIBJIETCS COBMECTHMOM.

OnHOW M3 M3BECTHBIX CHUCTEM KBa3UKBaApa(OHUM SBISCTCS MaTPUYHAs, TUIHWYHBIE IPEACTABUTENIN KOTOPOH
CTposITCs Ha OCHOBe MeTona SQ, npemnoxennoro ¢pupmoit CBS, u merona QS ¢upmer Sansui [11]. DTa cucrema gaer
BO3MOXKHOCTh @ IIOMOIIBIO CYHIECTBYIOIIMX CTEPEONPHUEMHHUKOB W YCWINTENEH INPUHUMAThb M BOCHPOU3BOIUTH
kBanpadonrmueckue nepenadn. Cucremsl SQ n QS obecneunBarOT COBMECTUMOCTH KBAIPAIIACTUHOK C OOBIYHBIMH U HE



TpeOyroT, B oTiune oT cucteMbl CD-4, ciennanbHBIX 3ByKOCHIMATENEH.

Taxxe u3BecTHa oTedecTBeHHas cuctemMa ABC, sBistomascs pa3sHOBUIHOCTHIO KBasukBanmpadonuu [14]. Ee
OCHOBHOE OTJIMYHME OT JPYIMX HW3BECTHBIX CHCTEM CO-CIOMT B PaclOJ0KEHHH TPOMKOTOBOPUTEIEH IO CHCTEME
«Tpaneuus» 1 B 3HAYCHUH KO3(D(OUIIMEHTOB KOAMPOBaHUs U JekoaupoBanus. Jlekonep B cucreme ABC He comepxut
HIMPOKOTOIOCHBIX (Da3oBpararenell U 3JeMEHTOB JIOTHKHU. [0 KauecTBY 3By4YaHHs OHA HE YCTymaeT cuctemaMm SQ u
QS. Cucrema ABC takxe sSBJISISTCS COBMECTHMOMN C OOBIYHOHN cTepeoOHHEH.

B cucremax mceBnokBanpadOHUM, KaK MPaBUIO, HCIOIB3YIOTCS Y3IIbI, MO3BOJIIOIIME BBIACIUTH W3 CUTHAIOB
CTepCOKAHAIOB HMH(GOPMAIIAIO, HMUTHPYIOIIYIO J(PQPEKT OTpaKeHHs B 3pUTEIbHOM 3ane. Jlng 3Tux meneid
HCTIOJTB3YIOTCS YCTPONCTBA BBIICICHUS PA3HOCTHOTO CHTHAJA JIEBOTO W MPABOTO KAHAJIOB WM IIMPOKOIOJIOCHBIE (hazo-
BpamaTenu. HecMoTpst Ha CBOO IPOCTOTY, TICEBIOKBaApadoHus 00eCTIeYNBacT 3¢-KETHOE PACIIUPEHUE CTEPEO30HBI H
co3maer >PQEeKT MPHUCYTCTBUS B 3pHUTENBHOM 3aie. Jlamee OMMCHIBAIOTCA HECIOXHBIE KBaapampeoOpa3oBaTeln
Pa3NUYHBIX CHCTEM, MTO3BOJISIOMINE TOTYIUTh 3 (HekT KBaapahOHUIECKOTo 3BYIaHNUS.

KBagpamnpeobpaszoBatens Ha OY K153V /12, y xoToporo mcmois3yercs (a3oBpamareias U CyMMapHO-pa3HOCTHAs
Matpuna (puc. 63). OH UMEeT ceayIoNe OCHOBHbIE TEXHUUECKHE XapAKTEPUCTUKHU:

Bxonnoe HanpsbkeHue:

HOMMHAJIBHOE............ 0,8 B

MaKCUMAJIBHOE........... 8B

HomunanbHelil 1nanazoH 4acTor . . . . . . . . 20...30 000 I'
Koa¢ddunment rapmonuk.......... 0,2%

OTHONIEHHE CUTHAI-IITYM (HEB3BEIIICHHOE)...... 70 nb
BxoaHoe conpoTtusieHue.......... 100 kOm

Hamnpsixenne nutanus........... +15B

Toxk nmotpebieHus. .......... 50 MA

Yacto B KayecTBe ICEBAOKBaIpaOHUUECKOTO Mpeodpa3oBaTeis NPUMEHSIOTCS JUCIEPCHOHHBIE (Da3oBpaliaTesiu
— ycTpoicTBa, (ha3oBasi XapaKTEpPUCTHKa KOTOPBIX ONHUCHIBAETCS BhIpakeHueM ¢= — arctgwt, (w = 2nf — kpyrosas
yactora, t=RC — nocTosiHHas BpeMeHU (a30BOro KoHTypa), a AUX paBHOMEpHA BO BCEM JUANa30HEe pabOYMX 4acToT.
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Puc. 63. MpuHuunuanbHaas cxema KBagpanpeobpasoBatena Ha OY c c¢asoBpawarenem B
CYMMapHO-Pa3HOCTHOM MaTpuLen

DA —DAE
K153842

[IpuHOMTHaTBHAS CXeMa TaKoTO KBaJapaipeoOpas3oBaTels mokazaHa Ha pue. 63. Kaxaplii ero xaHaja COCTOHWT U3
BXOJHOTO Kackama (MukpocxeMmbl DAL DA2), mucniepcuonHoro ¢azoBpammarens (DA3, DA4), pe3sucTUBHON MaTpHIIBL,
obecreunBaroNiel pa3HOCTHBIE peobpa3zoBaHus curHaioB (RS, RS, Rll, R12, R15, R16) v BBIXOTHOTO-AUCIIEPCHOHHOTO
¢dazoBpamarens (DAS5, DA6). CurHanbsl A THUIIOBBIX TPOMKOTOBOPUTENECH (OPMHPYIOTCSA M3 PAa3HOCTHBIX CHUTHAJIOB



nesoro (JI) u mpasoro (IT) kaHanoB i OOBIYHON CTEPCO(OHHYECCKON CHCTEMBI. DTH CHUTHAJBI, MPOXOII 4Yepe3
TIUCTIEPCHOHHBIE (ha30BpaIIaTeny, MPUOOPETAIOT YaCTOTHO-3aBUCHUMBIN (a30BBIM CHBHUT, YTO CO3[AeT H3BECTHYIO
3aJIep)KKy CHTHaJla M UMHTHpPYeT peBepOepauuio 3ana. OOBIYHO TakoW mpeoOpa3oBarelib BKIOYACTCS MEXIY
HOPMHPYIOIUMH YCHIMTEISIMHU U YCUTUTEIEM MOIIHOCTH.

KBanparnpeoOpa3zoBartesb CMOHTHPOBaH Ha YHU(HLIUPOBAHHON MOHTa)XHOM IUIaTe C MCHOJIB30BAaHUEM PE3UCTOPOB
MJIT-0,25, xorgencatopoB KM-6, K53-1. Bmecto mukpocxem K153V /12 moxuo ucnons3oBath OY tumnos K. 140V /17,
K153V /1 u npyrue ¢ COOTBETCTBYIOIIUMU LEMSAMHU KOPPEKIIUH.

HanaxuBanue ero 3akiodaercs B ciemyromeM. [lapamiensHo pe3ucrtopy R/7 TOAKIIOYAIOT MHUTHBOJETMETP
repeMeHHOro Toka. Co 3ByKOBOTO TeHepaTopa MoJaroT curaai ¢ yactoroil 1 k['m u yposaem 0,8 B cragana ma Bxon 11,
3areM Ha BXox JI. B mepBoM ciydae HampspkeHue Ha R/7 MOIDKHO OBITH oKoio 25 MB, Bo BTopom — okono 130 MB.
[Tocne 3TOro MUIUTHBONETMETP MOAKITIOYAIOT K BEIXoy JI — I1 i mpopemnsIBatoT aHamorndaele n3Meperus. [Ipu monave
curHana Ha Bxoj Il BEIXOJHOE HampsbkeHHE MOJKHO ObITh okoiyio 140 mB, mpu momade Ha Bxon JI — okono 0,8 B.
AHaJIOTUYHO TIPOBEPAIOT paboTy ApPYyroro kanaja. Pazbanmanc BEIXOAHBIX CHTHaNIOB Oosee 2 b ycrpaHaoT mogbopoM
pesuctopa R15 wiu R16.

IIpocToii kBagpanpeodpa3oBaTeib HA TpaH3ucTopax (puc. 64). OH UMeeT ClleyI0le OCHOBHBIE TEXHUYECKUE
XapaKTEPUCTHKH:

BXOHHOC HalpsAKECHUE:

HOMMHAJIBHOE............ 0,8 B

MAaKCHUMAJIBHOE............ 2B

BrixonHoe HampspKeHUE:

HOMMHAJBHOE............ 0,8 B

MaKCUMAJIBHOE............ 2B

BxoaHoe conpotuBneHue . ...... . 20 kOm
HoMunaneHBIA Auana3od 4acTor........ 40... 18000 I't
Koa¢puuneHt rapmMoHUK.......... 0,5%

OTHOIIIEHUE CUTHAN-ITYM (HEB3BEIIEHHOE)...... 80 nb
Hanpspkenue nutanusl........... 24 B

Toxk notpebiieHus............ 20 MA

KsasukBanpaponudeckne marpuunbie cuctemMbl SQ, QS, ABC m03BOJISIOT JETKO pacIIUpUTh BO3MOXKHOCTH
AMEIOMUXCS  cepBoycmmTeneil. JIms 3Toro MexXay Npe-AyCHINTEIeM W OKOHEYHBIM KacKaloM Heo0XOIUMO
MTOIKITIOYNTE HECIOKHBIA KBaJparpeoOpa3oBaTellb — JEKOACP W BBECTH B YCTPOMCTBO /IBa IOMOJHHUTEIBHBIX YCH-
JTUTETIS] MOIITHOCTH.

Ha puc. 64,a moka3ana HecJIOKHAs cxeMa KBaapamnpeoOpazo3atens s cucteM SQ u QS, COCTOSIIEro u3 BXOIHBIX
Kacka/oB (azoBpaiuarenei (Ha Tpansucropax V11 — VT4), cornacyrouwmx (V15 — VT8) v Beixoausix (V19 — VT12)
KackasoB. Bxonuele (azoBpamiareny 3/ech CO3Aal0T HEOOXOMMbIe M3MEHEHUs! (pa3bl CHIHaa, MOCTYIAIOLIEr0 3aTeM
Ha MaTpHILy COMPOTHUBIICHUN, ycTaHaBnIMBaeMyto Mexay Toukamu I, IL, 111, IV, V'u A — D. Jlna cucremsl SQ Matpuiia
uMeeT BHJ, MOKa3aHHBIM Ha puc. 64,6, a mmsa cuctemMbl QS — Ha puc. 64,6 MaTpuma mno3BOJs€T IHOIYYUTh
COOTBETCTBYIOIIEE CMEIICHHE CUTHAIOB Itocie (azo-BpamieHus. BeixoaHble Kacka sl 00eCIeYyMBaIOT COIIaCOBAHHE C
Harpy3KoH.

MoHTax KBaJIpanpeoOpa3oBaTes BHINOJHIIOT Ha YHU(DUIIMPOBAHHONH MOHTaXHOMW Iu1ate. YTOObI MOJIyYUTh TOYHOE
CMEIIEHNE U MOBOPOT (ha3bl, HEOOXOIMMO HCIOIB30BaTh IEMEHTHI C I0IycKOM He Oostee 5%. Pe3nucTopsr i maTpui
JIOJDKHBI IMETh TOYHOCTH He Xyxe 2%. B nexonepe npumenens! pesuctopsl MJIT-0,25, kornencaropsr KM-5, K53-1.
BmecTo yka3aHHBIX Ha CXeMe MOXHO HCIIONB30BaTh TpaHzuctopa TumoB KT342, KT315. [dms paOoTBI CXEMBI
HEe00X0IUM CTaOUIM3WPOBAHHBIN HCTOYHHUK MUTAHUS HanpsokeHueM 24 B u Tokom He MeHee 20 MA.

Hactpoiika kBampampeoOpa3oBarens 3akiII04aeTCsi B YCTAHOBKE peXHMa pabOThl aKTHBHBIX JJIEMEHTOB IIO
MTOCTOSTHHOMY TOKY (HaIpsDKeHHE Ha KOJUIEKTOpax TpaH3ucTopoB V11 — VT4, VT9 — VT12 pomxuo ObITH 0Koio 12 B.
3roro 100MBaIOTCs OAOOPOM COOTBETCTBEHHO Pe3ucTOpoB R/, R3, R37 — R40.

KBagpanpeo6pazoBatennr cuctemsl ABC. Cucrema mpoctpanctBeHHOro 3Bydanus ABC moctpoena ¢ ydeTom
0COOEHHOCTEW CJIyXOBOI'O HPOCTPAHCTBEHHOI'O BOCIPHSATHS OpPH MHOTOKaHAJIbHOM BocnpousBeneHuu. [losinas
coBMecTUMOCTh cucTeMbl ABC ¢ 00br4HOM cTepeodoHnIecKol CHCTEMOM O3BOJISIET ~-MCHONIb30BaTh Aekoaep ABC s
[POCIYIIMBAHKS OOBIYHBIX CTEPEOILIACTUHOK € TIOTyYEHHEM HIUTIO3MHU [IPOCTPAHCTBEHHOTO (deKTa.

Cxema kBampamnpeoOpasoBatens cucremMbl ABC mokasana «a puc. 65. OH WMeeT CleAyIoIHne TeXHHYECKUe
XapaKTePUCTHKH.

BxoaHoe HanpskeHue:

HOMMHAJIBHOE ............ 0,8B

MaKCHUMAJIbHOE............ 3,1B

BxoaHoe conportusneHue.......... 47 kOm
HoMuHanbHBIN AUana30H 4acToT........ 5...30000 I'g
Koa¢pduuneHt rapmMoHUK.......... 0,2%

OTHOIIIEHUE CUTHAN-ITYM (HEB3BEIIEHHOE)...... 70 nb
Hanpspxkenue nuranus........... +15B



Toxk notpebieHus. ....... . .35 MA
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Puc. 64. NMpuHuunuanbHaa cxema KBagpanpeobpa3oBaTens Ha TpaH3ucTopax

B Hee BXOOAT AENHTENH, COCTABICHHBIE M3 PE3UCTOPOB R/ — R3, KOTOpBIE CIyKaT IJsl BEIPABHUBAHUS YPOBHS
BXOJIHBIX CHUTHAJIOB B pexuMe «MOHO», U MPEIM3UOHHBIN IeIuTensb U3 pesuctopoB R4 — RI1, R16, RIS, R20, R21,
R23 n ycumurenu DA1 — DA4, obGecriednBaroniie TOYHOE CYMMHIPOBAHNE U BEIYUTAHNE CUTHAJIOB.

PexxuMbl paboTel gekozepa BeiOupator nepekimouareasimu SB1 («Crepeo») s 5B2 (ABC). Ilpu oxHOBpEeMEHHOM
Hakatun KHOMoK SBI w SB2 nexonep paboraer B pexume «O0bemHoe crepeo». Pesucropel R17, R19, R22, R24
3anumaioT OY OT TOKOBBIX EPErpy3oK.

Jliist MOHTaka JIeKoiepa UCIIONb3YyeTCs YHUGDHUIIMPOBAaHHAs TU1aTa. B HEM MPUMEHEHBI KHOTIOYHEIC MEPEKITI0YaTeIIN



I12K ¢ 3aBucumoint ¢uxcamnmeii, nepemernbie pesuctopbl CI13-12 wmm CII3-4 (R2), mocrosuasie MJIT-0,25. Bmecto
YKa3aHHBIX Ha CXeMe€ MOXKHO HCIOoNb30BaTh J0Obie OV OOmero mpuMEHEHHS C COOTBETCTBYIOUIMMHU IETISIMU
KOPPEKIIHH.
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Puc. 65. NMpuHuunuanbHaa cxema KBagpanpeobpasoBatens cucremol ABC

HanaxuBanne nexonepa 3aKiodaeTcss B TOUHOM mopbope (He xyxe 1%) pesucropoB R4 — RIl, R16, R18, R20,
R21, R23 u B poBepKe MPaBWIBHOCTH MOHTaXa. Y3ell HEOOXOIMMO MUTATh OT CTAaOMIM3UPOBAHHOTO JABYXIIOJISPHOTO
HWCTOYHWKA HampsbkeHueM =15 B u Tokom He MmeHee 40 MA.

YCUJIMTEJIM MOIIIHOCTH 3BYKOBOM YACTOTHI

Ycunurenun MOIIHOCTH BBIMONHSIOT (YHKIMHA OKOHEYHBIX KaCKaJoB ycwinTened 34 W mpenHasHaueHbl Ui
CO3JJaHUsI HEOOXOIMMON MOIITHOCTH Ha BHEIIHEH Harpys3Ke, KOTOPO OOBIMHO ABISIETCS aKyCTHUYECKas! CHCTEMA.

B xoMIutekcax BBICOKOKA4E€CTBEHHOTO 3BYKOBOCIIPOHM3BEICHHUS YCHINTEIb MOITHOCTH OOBIYHO BBINOJHSIOT B BHZE
oTaensHOro 65oka (nnmm cy66moka). OH He comepkuT Koppektupyrommx AUX 31eMeHTOB U MMeeT Iockylo AUX B
IIMPOKOM [IHaNa30He 4acTOT. B 3ToM OiioKe HE MpenyCMaTpUBAIOT HUKAKUX PEryJHpPOBOK. Y CTaHABJIMBACTCS JIHIIb
WHIUKATOpP yPOBHS BBIXOJHOH MOIIHOCTH. Y POBEHb BXOIHOTO CHUTHAJA JUIS 3TOTO YCHIMTENS HOPMHUPYETCS, U OOBIYHO
OH paBeH 77550 MB. Ycunurens MomHocTH nMeeT OOJIBLIYIO BBIXOJIHYIO MOIIHOCTH (Oosee 10 BT), MUHUMaNbHBIN
ypOBeHb COOCTBEHHBIX HIyMOB (HIKe — 60 nb) u kodpduument rapmonuk Menbure 1%. @Pazo-uacrorHas
XapaKTepUCTHKA yCUIUTENS JuHelna B quanazone yactot 20 I'... 30 k',



3HAaYUTENBHBIA 3alac MOIIHOCTH, KOTOPBIM OONaaeT YCHIUTENb, TO3BOAET MOMYyYUTh OOJNBIION AMHAMIYECKUI
JMara3oH TPOMKOCTEH, 9TO MOBBIIIIAET €CTECTBEHHOCTh 3BYYaHUs, YIIyUIIaeT CTA0MIBHOCTh PabOTHI IPU HOMUHAJIBHON
MOIIHOCTH U OGCCHe‘II/IBaeT HE3HAYUTEJIbHbIE HEeJIMHEHHBIE HCKaXKeHUs. MakcuMmalibHas BbIXOJHas MOUIHOCTb, KOTOpas
MOXKET 6]:.IT]) nepeaaHa B HArpyskKy, ONpeAC/IsICTCd MAaKCUMAJIbHbIMU 3HAUYCHUAMU HAIIPAKCHUA, [leﬁCTByIOLLleFO Ha
BbIXOJI€ YCWIIUTECIA, U TOKA, IMPOTCKAIOMICTO 4Y€pE3 YCUIMTECIb IPpU Sa[laHHOﬁ Harpyske. 3TI/I 3HAQUYCHUS LECIMKOM H
MMOJTHOCTBIO  OIIPEEIIIOTCS ITapaMeTpaMu  BBIXOJHBIX TPAaH3UCTOPOB. [lo3TOMYy JUIs yCHJHMTENEed MOIIHOCTH
XapaKTEPHBIM SIBJISCTCS IPUMEHEHHE B OKOHEYHOM KacKaJle BBICOKOBOJIETHBIX TPAH3UCTOPOB MOBBIIICHHONW MOITHOCTH,
MOTPEOJSIFOIUX OT MCTOYHUKOB MUTAHUS OOJBIIYIO 3HEPrui0. B CBOIO ouepenh, MaKCHMAaIbHOE HCIIOJIHE30BAHHE
OKOHEYHBIX TPAH3UCTOPOB IT0 HAIIPSHKCHUIO U TOKY MIPUBOAUT K POCTY HENWHEHHBIX MCKAKEHHH.

CHMXEHHE yYpOBHSA HEIMHEHHBIX MCKKEHHWH TOCTUTAETCSI B OCHOBHOM BBeneHHeM riryookoir OOC. OmHako mpu
STOM BO3pacTaeT 3ama3fblBaHWe cHUTHajda Ha Beixoge W B menu OOC, 49TO SBISETCS MPUIMHOW JWHAMIYECKHIX
HUCKAKEHUM.

Ha crmyx nuHamMuyecKue MCKaKeHUS MPOSBIIOTCS B BHIE MOTEPH BBICHINX YacCTOT, B HEECTECTBEHHOM OTTEHKE
3BYYaHUs, TAaK Ha3bIBACMOM «TPAH3UCTOPHOM 3BYKe». CTEleHb TUHAMUYECKUX MCKAKECHUH OIIEHUBACTCS 10 CKOPOCTH
HapaCTaHUs BbBIXOAHOI'O HAIPSXKCHUA YCHUIWTEIA MOIIHOCTU. I[J'lﬂ YMEHBIICHUA IWMHAMHWYCCKUX HCKa)XXEHUN B
BBICOKOKQUECTBEHHBIX ycumuuTenix riyonna OOC orpannumnBaercs B npenenax 20... ... 30 nb. B xauecTBe OKOHEUHBIX
MPUMEHSIOT MOIIHBIC BHICOKOYACTOTHBIC OWITOJIIPHBIC WIIM IOJICBBIC TPAH3HCTOPHI, KOTOPHIC MO3BOJISIOT PACIIHPHUTH
JINara3oH yCHWIMBAEMBIX YAaCTOT W TEM CaMbIM IOBBICHTH OBICTPOJCHCTBHE YCHIUTENIS. Mepbl, IpUHIMAaeMbIe IS
CHIDKEHHS TUHAMUYCCKUX UCKAKCHUI, MPUBOAAT K BO3PACTAHHIO HEITMHEWHBIX MCKAXKCHHUU, U YCIOBUE O0CCIICYCHUS
7X (IMHAMUYECKUX U HEJMHEHHBIX NCKAKEHUIT) HA HU3KOM YPOBHE SBISETCS MIPOTHBOPCUHBEHIM.

Yacto I CHIDKEHHSI HeTMHEHHBIX MCKAKEHUH U YCITUTEeH Maoii MOITHOCTH BBIXOIHOM Kackan paboTaeT B
pexxume A. OgHAKO 3TO 3aTPyAHSAET TEPMOCTAON-TH3AMNI0 OOJBIIOTO TOKA IIOKOSI TPAH3UCTOPOB BBIXOJIHOTO KacKama 1
camkaet KI1JI ycunurens.

B mHacrosmiee BpemMs B OCHOBHOM IPUMEHSIOT OecTpaHc(hOpMaTOpHBIE BEIXOAHBIE KACKabl, KOTOPBIE peau3yioT Ha
TpeX-, YETHIPEXAIEMEHTHBIX COCTABHBIX TPAH3UCTOPAX NPU HECKOJBKUX MapalIeIbHO COEIMHEHHBIX BBIXOTHBIX
TpaHsuctopax. s HUX OOBIYHO MPEIyCMATPUBACTCS YETPONCTBO 3aIUTHI MPU MEPErpy3Ke CHUTHAIOM OOJIBIIOTO
YPOBHS U IIPY KOPOTKOM 3aMBIKaHMHU Ha BBIXOJIE.

KayecTBeHHbIC MOKA3aTENIM YCHIIATENICH MOIIHOCTH, UX (PHU3UUECKUE pa3MEpbl B OCHOBHOM OMPEICIISIIOT KaYyeCTBO
BCEr0 YCHJIUTEIBHOTO YCTPONCTBA M TIO3TOMY HEYIUBUTEIBHO, YTO Pa3pabOTYMKU alapaTypbl BBICOKOKAYECTBEHHOTO
3BYKOBOCIIPOU3BEACHUS YICISIOT HaHOOJbIEC BHUMAHKME CO3/JIaHUI0 BBICOKOKAYCCTBEHHBIX YCHIIUTEICH MOIHOCTH.
[MockonbKy TpeOOBaHHS K. CHIIKCHHIO HEIMHCHHBIX M JHMHAMHYECKUX HCKAKCHHU SBIIIOTCS MPOTUBOPCYUBBIMHU, TO
9TO SBIAETCS WCTOYHHKOM IIOMCKAa Il pa3pabOTUMKOB, 3TO K€ OOCTOSTENBCTBO OOBSCHSIET MHOTrOOOpasme
TEXHUYECKUX PEIICHHH, TOSBIISIOIINXCS ;B TIOCIICAHEE BPEMSI.

K ocHOBHBIM mapamMeTpaM yCHIHTENEH MOIIHOCTH 3BYKOBOM YacTOTHI OTHOCSITCS CIIEAYIOIINE:

MAKCUMANbHAAL 8bIXOOHASL MowHOoCmy P,,x [BT] — BBIXOAHAsA 3JEKTpUYecKas MOIIHOCTH Ha yactore 1 kI'If mpwm
3HaueHuu Kodpduimenta rapmonuk 10%;

HOMUHANLHAA  6bIX0OHAA MowHocmb Pgom [BT] — BbIXOIHAs »3JIEKTpUYECKass MOIIHOCTb, NPU 3HAYECHUU
k03¢ dHLKeHTa FApMOHHUK, 3asIBJICHHOTO JUIS 3TOr0 ycuiuTels Ha yactore 1 k[
HOMUHATIbHASL 8bIXOOHAs. MOWHOCMb 6 nonoce pabouyux yacmom Pyom (If) [BT] — MHHUMaibHas BBIXOJHAsS

JIEKTpUYECKas MOIIHOCTh B uana3one yactot 20 I'n... 20 k['u npu 3HaueHnn KodQUIEeHTa FapMOHHUK, 3asBICHHOTO
JUIs 3TOTO ycuuTenst Ha yacrore 1 k[

KkoagpPpuyuenm eapmonux Kr [%] — xooddunmeHT HeNMHEHHBIX MCKaXEHHH, KOrjJa BXOJIHBIM HH3KOYAaCTOTHBIM
CHTHAJIOM SIBJIIETCS CHHYCOUAAIBHOE HAPSIKEHHE;

K0aghpuyuenm zapmonux 6 pesicume manou geixoonou mowHocmu Ke (50 mBT) [%] — xosddunment rapmMonuk,
HU3MEPEHHBIN TP BBIXOJHON MoIHOCTH 50 MBT;

Koo puyuenm 2apmonux 6 nonoce yacmom K. (JIf) [%] — makcumasnbHbiii K03 UIMEHT TrapMOHUK B TMana3oHe
gactoT 20 I'm... 20 kI'11 mpy HOMUHATIHLHON BBIXOHON MOITHOCTH;

omHuowenue cueran-uiym [ob] — norapudm OTHOMIEHHS BBIXOJHOTO HANPSDKEHHS YCHIMTENS MPU HOMHHAJIBHON
MOIITHOCTH K CPEHEKBAPATHYECKOMY HANPsDKEHHUIO IIYMOB yCHIuTeNs B nosoce yactoT 20 I'm... 20 kI

Hopmuposannas A4X [1b] — 3aBUCUMOCTh HOPMHUPOBAHHOTO 3HaueHHs ycuienus G ot yactoter; G =20 g (K/Ko),
rae K — koo dunmeHT ycuneHns: yCuauTells B JuanasoHe 4acToT, Ko — ko3d.¢puuueHT ycuienus Ha yactote 1 k'

nonoca paboyux yacmom Af [['1] — nnamazoH yactoT, BHyTpH KOTOpOro HopMupoBaHHas AUX ycwiurens uMeer
HEPaBHOMEPHOCTH He Oomnee +1,5 nb, usmepstor npu Py = 0,1 Pyom;

gazo-yacmomnasn xapakmepucmuka Ad [rpagyc] — 3aBUCHMOCTH (a3oBoro cuBurallp MEXIy COCTaBISIOIINMEI

BXOJHOTO W BBIXOJHOTO HampspkeHus oT yactatel f; JI®y — 3Hauenwe [ Ha wactore 20 I'm (mmxuee), ddb, —
3radenne Ad Ha gactote 20 x['11 (BepxHee);
Ko2hPpuyuenm nenuneinocmu ¢hazoeou xapaxmepucmuku 0@ [rpagyc] — HauboJbliee OTKIOHEHHE (Ha30BOU

XapaKTEePUCTUKU PEATLHOTO YCHIIUTENS OTHOCHUTEIBHO HeanbHOW (a30BOI XapaKTepPUCTHKH, WU3MEHSIOIIECs 1o
JIMHEHHOMY 3aKoHY; 0¢, — 3HaueHue 0 (¢p) Ha wacrore 20 I'w, 6 (¢p,) — 3Hauenue 6 (¢) Ha yactorte 20 kI
MAKCUMANbHASL CKOPOCMb HAPACMAHUSL 8bIXOOH020 Hanpsidcenus Vmax [B/MKC] — MakcuMajbHOE OTHOILEHUE
OUppi/Mt, tne JIt — uHTEpBAI BpEeMEHH, 3a KOTOPBIH MPOMCXOIUT H3MCHEHUE BBIXOMHOTO HampsokeHus Uy, Ha
3HaueHue JJUpbIX Ha ydacTke ¢ HanboJjee KPyThIM (pPOHTOM.
Janee OyayT OMUCAHBI YCHIMTEIH MOIIHOCTH, COTJIACOBAHHEIC IO BXOJY C BBEIXOJAMH Y3JIOB, ONFCAHHBIX paHee «



00€eCIeuNBAOLINX COTTIACOBAHHYIO PabOTy Ha BOCBMH- M YETBIPEXOMHYIO Harpysky. UToOBI MOMYyYUTh HMPUBOIAMMBIE
TEXHUYECKHNE XapaKTEPUCTHKH, MOHTAX YCUIIMTENIEH IOJKEH COOTBETCTBOBATH IIPHBEACHHBIM 4YEPTEXKAM II€YaTHOM
IUIAThl ¥ MOHT&XHOM cxeMbl. MI3MeHeHne KOMIIOHOBKM MOXET HPUBECTH K yXyAlLIeHHI0 KoddduimeHTa rapMoOHUK 1
OTHOILIEHUS CUTHaNI — IIyM. B xauecTBe MaTepuasia IeyaTHBIX IUIAT BO BCEX CIy4asx HCIIOJIB30BaH OJAHOCTOPOHHUI
(hOJIBIUPO-BrHHBIN CTEKJIOTEKCTOIMUT TONIHHOMN 1,5 MM.

Yewinrenas MOIHOCTH ¢ OajJlaHCHBIM Au(depeHIHATBHBIM BXOAHBIM KackaaoM, OH MMeeT cleayrolue
OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKU:

HomunanpHast BBIXOAHAS MOIIHOCTb....... 55 Bt
Koa¢ddunment rapmonuk.......... 0,07%
[Momoca paboymx 4acToT . . . ., , . ... 20... 50 000 I'n

OTHOMIEHHE CUTHAI-IIIYM........
Hanpspkenune nuranus...........

Tok HoKoA............ . . 100 MA
[TonHbIe TEXHUUECKHUE XAPAKTEPUCTHKH YCUIIUTEINS TIPUBEICHBI B Ta0I. 4.
Tabnuua 4
TexHnyeckre XapaKTePUCTUKHU YCHJIUTe el MOIHOCTH
Yeuiaureib - & $ g Jf. I'n § g = | 5 E
= e | Z . 515 |2 R |3
: g St o X g 'ea =15 .
2 ~ rd < < - g
A as = >y @ & & |® >E
Puc. 66 60 55 0,07 0,15 20... 50000 8 8 30 2 20
Puc. 69 80 75 0,06 0,12 20... 40000 7 7 25 2 16
Puc. 72 70 60 0,04 0,1 20... 150000 5 3 18 5 17
Puc. 75 80 70 0,05 0,1 20... 80000 1 2 8 7
Puc. 79 70 60 0,04 0,08 20... 100000 10 3 35 11 12,5
Puc. 82 20 JIb 0,03 0,07 20... 80000 4 3 16 8 10
Puc. 85 70 60 0,5 0,7 10... 25000 8 5 40 10 7,5

OpHo#t M3 0COOCHHOCTEH NAaHHOTO YCHIIMTEIS] MOITHOCTH SIBIISIETCS €r0 IMHUTaHHWE OT ABYXMOJSIPHOTO MCTOYHHKA.
3TO MO3BOISET BKIFOYNTH HATPY3KY MEXKIY BBIXOOM YCHIUTENS U OOIINM IPOBOJIOM Oe3 IMEePEXOTHOTO KOHJCHCATOPA.
Hpyras 0cOOEHHOCTh COCTOMT B HPHUMEHEHHWH BXOAHOTO OamaHcHOTO auddepeHnnanisHOro Kackamga, 00JaJaromiero
XOpoIel TepMOCTaOUITBHOCTBIO.

[IpuHIMOHATBHAS CXeMa yCHINTEINS NpUBeIeHa Ha puc. 66. OH COCTOHUT U3 BXOAHOTO Kackajaa (TpaHzuctopsl V711,
VT2), xackama ycuieHus Hanpsokenus (V713) m BeixogHoro (V14 — V717) W 3IEMEHTOB 3alllUTHI BBIXOJHBIX
TpansucropoB (VD3 — VD6). BxomHoll Kackal BBINOJHEH IO cxeMe Au(QepeHIHanbHOro Kackajla € He-
CUMMETPHYHBIM BBIXOJIOM. BXomHOW curHan mnoctynmaer Ha 0a3zy Tpansuctopa V71 uepe3 pa3lielUTENbHBIN
koHnmeHcarop CI. Curman OOC momaercs ¢ BbIxoma uepe3 pesuctop R6 Ha 0a3y Tpamsuctopa V72
JuddepennnanbHblii Kackaj CpaBHUBAET BBHIXOJHOE HAINPSHKEHUE C HYJIEBBIM HAINpPsDKEHHEM OOIIETo NMPOBOJA, U €eNn
10 KakUM-IMOO NpHYMHAM MOCTOSHHOE HAIPSHKEHHE Ha BBIXOAE YCHIIMTENS CTAHET OTJIMYHBIM OT HyJs, CHUTHAl
paccoriacoBaHus C BEIXona U QepeHINATEHOTO KacKaa IOCTyMaeT Ha BRIXOJHOHM Kackal, oOecIiednBas TeM CaMbIM
HylIeBO€ HampspDKeHHe Ha BbIxoge ycmmuTens. C Bbixoma auddepeHIuambHOro Kackaga CHTHAll TOCTYIIAeT Ha
YCWINTENb HANpsDKEHUS U depe3 pe3ucTtop R7 Ha BBIXOJHOW Kackaj. BBIXOIHOHM Kackal BBIIOJHEH HAa COCTaBHBIX
KOMITJIEMEHTApHBIX TpaH3uctopax V714, VI6 w VTS5, VI7, obmamaronux OOJBIIMM BXOJHBIM M BE€ChbMa MAaJbIM
BBIXOJIHBIM COIIPOTHBIICHHUSAMH.

Huonsr VDI m VD2 co3ma0T Ha4yalbHOE CMEIICHHE BBIXOJHOTO KacKala M O0ECIeYMBalOT TEMIEPaTypHYIO
CTaOWIIM3AIUI0 TOKA TIOKOS BBIXOJHBIX TPAH3UCTOPOB. Uepes KoHaeHcaTtop BoibTa0-0aBku C5 moakirouaercs [10C B
Lenb KOJUIEKTOPHOM Harpy3ku TpaHiucrtopa VT3, obecredunBasi TeM caMbIM IOJy4Ye€HHE MaKCUMaJbHOIO pa3Maxa
BBIXOAHOTO Hamnpspkenus. Jduonet VD3, VD4 u VD5, VD6 3amMIaloT BBIXOJHBIE TPAH3UCTOPHI, HIIYHTUPYS B CiIydae
eperpy3Ku, Mepexo sl TPaH3UCTOPOB. IneMeHTsl C3, C6, R14, C7, L] npenoTBpamaT caMoBO30YKICHUE YCHITHTEIIS
Ha BBICOKHX YacTOTaXx.

KoHCTpyKTHBHO yCHIIMTENb MOLIHOCTA CMOHTHPOBaH Ha IE€YaTHOM IUIaTe, IOKa3aHHOM Ha puc. 67. s
TEMIIepaTypHOH CTAOHMIM3ANY TOKAa TMOKOS BEIXOTHBIX TPAH3UCTOPOB AMOABI VDI u VD2 ycTaHaBIMBAIOT Ha o0l ¢
Tparsuctopamu V716 n Y17 temnoorBoa. Karymka L/ HamoraHa Ha pesuctope R15 (MJIT-2) u comepkut 25 BUTKOB
mposona [I19B-2 0,8. Pesuctopsr R/2 u R13 N3roTOBICHHI H3 BEICOKOOM-HOTO IPOBO/Ia (MaHTaHWH, KOHCTAaHTAH).

HanmaxunBanne ycmimTens 3aKiI0dacTcs B TPOBEPKE NPABIIBHOCTH MOHTaXa. lIpH NpaBHIBHOM MOHTaXe W
HCIIOJIb30BAHMH UCIIPABHBIX JJIEMEHTOB JIOMOJHUTEIBHON HACTPOUKM HE TpeOyeTcs. AMIUTUTYIHO-4acTOTHas U (azo-
YaCTOTHAsl XapaKTePUCTHUKH yCUIINTENsl MpuBe/ieHbl Ha puc. 68. Jljisi muTaHusl yCUIUTENs] HEOOXOJUM ABYXIOJISPHBIN
UCTOYHHK, 00eCIIeYnBaloIInii Py HanpspkeHun +36 B Tok He meHee 1,2 A.
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Puc. 66. MpuHuMnuManbHasa cxemMa ycunuTens MOLIHOCTM ¢ GanaHcHbIM AuddepeHUManbHbIM
BXOAHbIM Kackagom

Veunurens MOLIHOCTH C IIOJEBBIM TPAH3UCTOPOM B KAa4eCTBE HCTOYHMKA TOKA I BXOAHOTO Kackaga u
9JIEMEHTAMH CHMMETPHPOBAHUS BBIXOJIHOTO Kackaga. OH MMEeT CIIEAYIONINe OCHOBHBIC TEXHHYCCKUE XapaKTEePHCTUKH
(cM. Taroke Tabm. 4):

HomunanbHas BEIXOAHAS MOILHOCTb....... 75 Br
Koa¢pduuneHt rapmMoHUK.......... 0,06%

[onoca pabounx 4acror.......... 20...40 000 I'g
OTHOILIEHUE CUTHAI-LIYM.......... 86 1b
Hanpsoxkenue nuranus........... +40B

Tok MOKOAL........... 20 MA

VYiydimenne Ka4eCTBEHHBIX TOKa3aTelell B 3TOM YCHJINTENE MO CPAaBHEHHIO C MPEIBIAYIIAM JOCTHTHYTO PSIOM
CXEMOTEXHHYECKHX pemieHni. B sMuTTepHYyI0 nens BXOAHOTO Au(QepeHINaNbHOr0 Kackaaa BKIFOUYEH HCTOYHUK TOKA
Ha TOJIEBOM TPaH3UCTOpE. DTO MO3BOJISIET MOBBICUTH KOA(PQUIMEHT Mepeaadd MepBOro Kackaga u YIydlIdTh €ro
TEePMCCTaOMIBHOCTE. [ ymydImeHus: CHMMETPHH TUIeY BBIXOJHOTO KacKala YCHIINTES U YMEHBIICHHUS HETHHEHHBIX
UCKa)KEHUH B SMUTTEPHYIO IIeNlb OJHOTO U3 TPAH3UCTOPOB JIPETOKOHEYHOTO Kacka/ia BBOJIATCS KOPPEKTUPYIOIIAs IIeTb,
cocTodlIas U3 AUO0AA, PE3UCTOPa U KOHIEHCATOPA.

[MpuHOMnManeHas cxema YCHIHMTElNsl NpuBeaeHa Ha puc. 69. OH comepuT AudQepeHaIbHbIi BXOIHON KacKa]
(VT2, VT4), yeunurenu toka (V13) n nanpspkenust (V716), BeixonHo# kackan (VT9 — VT12) n ycTpoHWCTBO 3aIIUTHI OT
neperpy3ok (VT7, VT8). Kak yxe roBOpHIIOCHh, ICTOYHHUK TOKA Ha TpaH3ucTOpe VT, BKIIOYCHHBIA B SMUTTEPHBIC ICTTH
TpaH3ucTtopoB VT2, VT4, mo3Bosser, HE yBEIMYHMBAs TEMIEPATYypHYIO HECTaOWMIBHOCTb, MOBBICUTH KO3((HIHEHT
mepesadd 1o HaMpsDKeHHIo TudQepeHInaIbHor0 Kackana. TpaHsuctop V713 mM03BONSET YMEHBUINTH HArpy3Ky Ha
BeIxon auddepennunansHoro kackana. Kackazn ¢ pasmeneHHOW Harpy3koi Ha TpaH3ucTope V76 yCWIMBaeT CHTHAI IO
HATPSDKCHUIO, 00eCTIeYnBasi MAaKCUMAaJIbHBIA pa3Max BBIXOAHOTO HATIPSHKCHUS.

KBasukoMmIuieMeHTapHBIA BBIXOJHON KacKaj, BBITIOJHEHHBIH Ha cocTaBHBIX Tpauzuctopax (VT9, VT11 u VTIO0,
VT12), xopomio coryiacoBBIBa€TCS C HU3KOOMHOW Harpyskoil. KoppekTtupyromas memns, cOCToAmIast U3 MapaieabHO
coequHEHHBIX auoxa VD2, pesucropa R28 u xonaencaropa C10, ymydimaeT CHMMETPHIO TUIEY YCHIIUTENS, yMEHBINASA
TEM CaMbIM HeJIMHEelHbIe CKaXkeHus. HauanbHoe cMenenne Ha 6a3ax BBIXOAHBIX TPAH3UCTOPOB JUIS Pa0OTHI B PEKUME
AB ompenensieTcs mageHueM HaNpPsHKEHHUsI Ha y4acTKe KOJUIEKTOp — AMUTTEp TpaH3ucTtopa VTS u perymupyercs pe-
suctopoM R16. Tpamsucroper VI7 u VT8 myHTHpPYIOT NpH Heperpy3ke 3MHUTTEPHBIH IEpexoi BBIXOIHBIX
TPAH3UCTOPOB, OCYILIECTBIAS TeM caMbIM ux 3amury. OnemeHtsl €3, R5, C4, R31, Cl2 npegorspamaror
caMOBO30YKJICHHE YCHIUTEsI Ha BHICOKHX dacToTaX. Llemp R7, C6 ciryxut mns BeipaBHuBaHus AUX ycumnurens Ha
BBICOKHX YacTOTaX 3BYKOBOro auara3ona (1o 20 kI'm).
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Puc. 67. MNeuyatHas (a) u MoHTaxHas (6) nnartbl YCWNUTENsI MOLLHOCTU C OanaHCHbIM
AnddepeHUnanbHbLIM BXOAHLIM Kackagaom
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Puc. 68. AMnnuTtygHo-4acTtoTHas M pa3o-4acToTHasA XapaKTePUCTUKU YCUNUTENS MOLLHOCTU C
6anaHcHbIM anddepeHymnanbHbIM BXOAHLIM Kackagom

KoncTpykTHBHO ycmiauTens coOpaH Ha MeYaTHOH .IUIaTe, moka3aHHOW Ha puc. 70. TemmeparypHas CTaOMIH3AIM
TOKa TMOKOSI BBIXOIHBIX TPAH3UCTOPOB OCYILIECTBIISICTCS] C MOMOIIBIO TpaH3UcTOpa V1), yCTaHOBJIEHHOTO Ha OOIIEM ¢
VT12 wmm VT1Il pagmatope, B HENOCPEACTBEHHOW Onm3ocTh OT HHUX. Jnd muTaHums ycunurtens HEoO0XO0IuM
JBYXIIOJISIPHBIM MCTOYHMK, 0OecriednBaroiunii npu Hanpspbkenun +40 B Tok He meHee 2,5 A.

HanaxxuBanue ycuiutess, COOPaHHOTO M3 MHCIPAaBHBIX 3JIEMEHTOB, 3aKJIIOYAETCS B IPOBEPKE MNPaBHIBLHOCTH
MOHTaXa U yCTaHOBKE TOKA IOKOS BBIXOAHBIX TPaH3UCTOPOB pe3uctopoM R76 B npenenax 20... 40 MA. AMminutyaHo-
YacToTHas U (pa3049ac-TOTHAsI XapaKTEPUCTUKH YCHIIUTENS ITpHUBEIeHb! Ha pHc. 71.



Yo
HITSE ;ﬁ? R17 1B
27
R
133 fo0mA]x358 | 15
vr2 n
&t s}
- [ 5 ] ¥
£02d >y g7 5(
[ o)
A+
3 ,ezaﬂs; P 5%
£
B S £g St
xé‘,a‘

226
Vr3
ng 74 731024

74

Puc. 69. MpuHuMnuanbHaa cxema ycunurtesisi MOLWHOCTUA C NOJIEBbIM TPAaH3UCTOPOM B KayecTBe
MCTOYHMKA TOKaA

YcumuTens MOIIHOCTH Ha KOMIUIEMEHTapHBIX TPAH3HCTOpaxX C IMOJHOW CHMMeTpuell mied Uit 006eux MOIyBOJH

YCUJIMBAEMOTO CHIHaNa M C JBOWHBIM Aud(depeHnnanbHbpIM KackanoM Ha Bxoje. OH MMeeT Clielyloliue OCHOBHBIC
TEXHUYECKHUE XapaKTEPUCTHKH (CM. TaKxke TaoI. 4):

HomuHanbHast BEIXOJHAS MOIIHOCTb....... 60 Bt
Koa¢puuuneHt rapmMoHUK.......... 0,04%

[Tomoca paboymx 4acTor.......... 20... 150000 I'rg
OTHOLLIEHUE CUTHAI-UIYM.......... 88 n1b
Hanpsoxkenue nuranus........... +40B

TOK MOKOAL............... 50 MA

Ycunurens IMOJHOCTHIO BBIMOJHEH HAa KOMIUIEMEHTApHBIX TpaH3uctopax. OH pabortaer B pexume AB.
[IpuMeHeHHbIE CXEMHBbIE pEIleHHs IO03BOJMIM JO MHHUMyMa CHH3UTh HeJIMHEWHble HCcKakeHus. OCHOBHas
O0COOCHHOCTh YCHJIMTENII — CHUMMETPHUYHOCTh IjIed JJisi O0eusl MOJYBOJH YCHIMBAEMOTO CHUTHAlA. OJTO JIajo
BO3MOXXHOCTh CHU3UTh HENWHEIHbIe neKkaxeHus ycnurensa 6e3 BeaeHust OOC. Jlpyras 0COOEHHOCTh COCTOHUT B CXEMe
BBIXOJTHOTO KacKaja, MO3BOJIAIONICH YCHJIMBATh CHUTHAJI HE TOJIBKO IO TOKY, HO M MO HampsbkeHuro. [Ipu 3tom
obJierdmiicss pexxuM paboThl TPaH3UCTOPOB NPEIBAPUTEIBHOIO Kackaja, MOCKOJIbKY Tpedyemasi aMIUIUTy/a CHUTHala
CYIIECTBEHHO MEHbILIEC, YEM JISA O6l)l'~IHOFO BbIXOIHOI'O KackKaza.
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Puc. 70. NeuyaTHas (a) 1 MOHTaxHasA (6) NnaTbl yCUNUTENS MOLLHOCTU C NOSIEBbIM TPAaH3UCTOPOM B
KayecTBe MCTOUYHUKA TOKa
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Puc. 71. AMnnutyaHo-4actoTHasi U a3o-4acTOTHaAA XapaKTePUCTUKM YCUNUTENSA MOLLHOCTU C
noneBbIM TPAH3UCTOPOM B Ka4yeCcTBE MCTOYHMKA TOKa

[TpunmunuanpHas cxema YCHIUTENs Moka3aHa Ha puc. 72. OH comepxkuT anddepeHIuanbHbplii Kackany Ha
KOMITJIEMEHTApHBIX TpaHzucropax (VT1, VT4, VT2, VT5), kackan yCWIEHHUs CUTHana 1o Hampsbkenuto (Y17, VT8),
BbIxogHOU Kackan (VT10 — VTI3, VT15, VTI16) u ycTpOWCTBO 3alMThI OT meperpy3ok mo toky (VTi4, VT17).
JuddepeHnunanbHblii BXOJHOW KackaJ Ha KOMIUIEMEHTApHBIX TPAaH3HUCTOPAaX MMEET JOMNOJIHUTENBHOE MPEUMYILECTBO
IO CPAaBHEHHIO C OOBIYHBIM: €pH paBeHCTBE 0a30BbIX TOKOB TpaH3uctopoB VTl u VT2 (VT4 n VT5) yepe3 pe3uctopsl R2
u R3 u uepes pesucrop R30 TOk .MOXeT BOOOIIE HE NMPOTEKaTh. JTO MO3BOJISIET, HE Hapylias OalIaHCUPOBKH KacKaja,
WU3MEHATH COINPOTUBIIEHHE 3THX PE3UCTOPOB B JOCTATOYHO OONBIIMX Ipernenax. YToObl yBennunTh KO3(h(HUIHEHT
Tepeiauy 0 HANPSDKEHHUIO U YIyqIINTh JIMHEHHOCTH TP BEICOKOH TEPMOCTaOMIBHOCTH, B SMUTTEPHBIE IIETTH TPAH3UC-
TOpOB I QepeHInANTEHOTO Kackala BKIFOYCHBl HCTOYHUKH TOKa Ha TpaH3ucTopax V73 u VT6. Kackan ycuneHus mo
HaTPsDKCHUIO BHITIOJIHEH HA KOMIDIEMEHTApHOH mape TpaH3uctopoB V17 u VT8, paboTaromux B pexume A.
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Puc. 72. an/IHLIMI'IVIaanaﬂ cXema ycunurtensa MOWHOCTU Ha KOMNINeMeHTAapHbIX TPpaH3UcTopax

[Tneyn BBIXOAHOTO Kackaja COAepKaT 1mo TpH Tpausucropa VTI10, VTI2, VT15 (VT11, VTI3, VT16), oxBadeHHBIX
mectHOH OOC uepes pesucropsl R25 u R29 (u coorBerctBeHHO R26 n R31). Ilpu 3TOM KO3(QQUIMEHT yCHIEHHS O
HaNpsDKEHNIO KaKAOM TPOWKM TpaH3MCTOpoB npubmmxkaercs K TpeM. MectHas OOC mo3BOJISIET TakKe yMEHBIIUTH
pa3dpoc B KOX(PQUIMEHTaX YCHJICHHUS IJIeY BBIXOJHOTO KacKaga, 4TO CHIDKaeT TpeOOBaHWE K .MACHTUYHOCTH
MapaMeTpoB KOMITJIEMEHTapHBIX TpaH3UCTOpoB. Emie onHa 0COOEHHOCTH BBIXOJHOTO KAaCKa/lad COCTOMT B CIEIYIOIIEM.
Hanpsoxeane mectHoit OOC, oxBaThIBaIOMIEH TPOMKY TPaH3UCTOPOB, CHUMAeTCS C pe3ucropoB R34 u R3S,
HaNpspKEHWE Ha KOTOPBIX IPONOPLUOHAIIBHO JIFOOBIM M3MEHEHHSM TOKa BBIXOAHBIX TPAH3UCTOPOB (B TOM YHCIE U B
3aBUCHMOCTH OT TEMIIEPATyphl). DTO AOTOJIHHUTENIBHO CTAOMIM3UPYET TOK MOKOS BBIXOAHBIX TpaH3UCTOpoB. Hampsike-
HUE CMeIeHUs] TpaH3ucTopoB V710 w VTII 3aBUCUT OT TMaJeHUs HANPSDKEHUS HA YYacTKE dMUTTEP — KOJUIEKTOP
Tpansuctopa V719, 3agaBaemMoro JenurenemM Ha anementax VD4, R20 — R22.

[MTapamerpuueckas OOC yepe3 quon VD4, pacrionoeHHbIH Ha 001IeM ¢ BBIXOJHBIMH TPAH3UCTOPAMH TEIIIOOTBOE,
OCYIIECTBIISICT TEMIIEPATYPHYIO CTaOMIN3aLNIO TOKA MTOKOS TpaH3ucTopoB V715, VT16. C yBennueHHEM TeMIeparypbl
YMEHBIIAETCs MaJIeHUE HaNpsDKeHUs U Ha [uoje VD4, mpu 3TOM YMEHBINAETCS U HaNpPsHKEHUE IMUTTEP — KOJUIEKTOP
V'T9. Bce 3TO MO3BOJISAET MOAAEPKUBATH TOK IOKOS BBIXOJHBIX TPAaH3UCTOPOB Ha MOCTOSHHOM YPOBHE IIPH Pa3HBIX
YPOBHIX MOIIHOCTH W KOJCOaHUSAX TeMIepaTyphl OKpyxKaromed cpeapl. Bechk ycmmurens oxBadeH obmeit OOC,
HaTpsDKCHHE KOTOPOH € BRIXO/A yCHIIHTEIS yepe3 nenutens R30, R15, C3 momaetcs Ha 6a3bl TpaH3UCTOPOB VT4, VT5.

Onementsr CI, C5, C6, C7, C8, C9, R44, LIl npenHa3Ha4YeHH IUISI KOPPEKIMH YaCTOTHON XapaKTEPHCTUKH Ha
BBICOKMX yacToTax. OHHU ke 00eCreunBaloT yCTOWIHBOCTh YCHINTENS pu oxBate ero oomeit OOC u mpu BO3MOKHBIX
W3MEHEHHAX Harpy3kw. Tpansuctopsl V114, VT17 myHTUPYIOT TpU TMEperpy3Ke IMHUTTEPHBIA MEPEeX0] BBIXOTHBIX
TpaH3ucTopoB. [Turaercs ycunurens OT HecTaOMIIM3UPOBAHHOTO JABYX-TIOJIIPHOTO HCTOYHUKA +40 B.

Yeunurenb coOpaH Ha MEYaTHOH IuiaTe, MokazaHHoW Ha puc. 73. uox VD4 pa3MelieH Ha TEIIOOTBOJIE PSJIOM C
Tpausuctopamu V115 wnu VT16. B ycunurene ucnonb3oBansl pesuctopsl MJIT, CI13-1K (R22), konnencaropsr K.50-
6, KM. Karymika b/ HamotaHa Ha pe3uctope R45 (MJIT-2) u copepxur 10 ButkoB nposoaa [19B-2 0,8. s nuranuns
ycuIuTeNs TpeOyeTcs IBYXTIONSPHBIA HCTOYHUK, 0OecIieunBaroIui npu HanpsbkeHnu +40 B Tok He MeHee 2 A.

PerynupoBka ycunurens, cOOpaHHOTO N3 UCIPABHBIX 3JIEMEHTOB, 3aKJIIOYAETCS B IIPOBEPKE NMPABUIBHOCTH MOHTaXa
¥ YCTaHOBKE Ha4aIIbHOTO TOKa KoJuiekTopoB V115 u VT16 (50 ... 70 MA) pesuctopom R22.
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Puc. 73. MevaTtHasa (a) u MOHTaxHasa (6) nnaTbl yCUIUTENA MOLLHOCTU Ha KOMIMJIEMEHTapHbIX

TpaH3ucTopax

AMIIIUTY THO-4acTOTHAS M ()a30-9acTOTHAsI XapaKTEPUCTUKH HOPMAJIBHO PAOOTAIOLIET0 YCHIMTENS NMPUBEACHBI Ha

puc. 74.
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Puc. 74. AMnnVITy.qHO-HaCTOTHaﬂ n d:)aso-‘-IaCTOTHaH XapakTepnucTtukn ycunurtend MOLWHOCTU Ha

KOoMniieMeHTapHbIX TPaH3UucTopax

ynpOIlIeHHbIﬁ BAapHMAHT CXEMbI YCWJIHTEIS MOLIIHOCTH Ha KOMIUVIEMEHTAPHBLIX TPaH3UCTOPAaX. On wnmeer
CJICAYIOMINE OCHOBHBIC TEXHUYCCKUC XapPaKTCPHUCTUKU (CM. TaKxe TaoJIL. 4)

HomuHanbHasg BIXOAHAS MOIIHOCTb....... 70 Bt
Koa¢ddunment rapmonuk.......... 0,05%

[omoca pabo4mx 4acToT.......... 20 ... 80000 I'g
OTHOIIEHHE CUTHAN-IIYM.......... 87 nb
Hamnpsixenne nutanus........... +40 B

Tok moKoA.............. 100 MA

Yeunurens padoraer B pesxuMe AB U BBINIOJIHEH C HCIIOJIB30BAHUEM CXEMOTEXHHUKH MPEABIIYIIEro YCUIUTENS (CM.



puc. 73). Ycunurens Taxoke 007a1aeT MOTHOW CUMMETPUEH ISl BXOAHOTO CHHYCOMAAIBHOTO CUTHAJNA (OJMHAKOBOCTH
BXOJHBIX CONPOTUBIICHUH Uil TOJOXKWTEIBHOM M OTPUIATEIBHOI MONYBONH CUTHAla), YTO MO3BOJIIET CHU3UTH
HEJIMHEHHbIE HCKAKEHUS.

[MpuHumnuaneHas cxema ycuiuTelss npuBeaeHa Ha puc. 75. OH coumepxut nuddepeHunanbHpli Kackajy Ha
KOMIUIEMEHTapHBIX TpaH3ucropax (V711 — VT4), kackan ycwienus Hanpspkenus (V715, V17). n BeixogHo# kackan (V18
— VTI3). HampsbkeHue NuTaHUS BXOIHOTO KacKajla CTaOWIM3MPOBAaHO (C MOMOMIBIO crabuimutpoHOoB VDI, VD2).
TpaH3uCTOPHI BEIXOAHOTO KacKa/ia BKJIIOYEHBI 110 CXeMe ¢ OOIIMM KOJUIEKTOpOoM. TemneparypHyro cTaOMiIN3annio Toka
TIOKOSI BBIXOJHBIX TPAH3UCTOPOB 00ecHeynBalOT auonsl VD3 — VD5, ycTaHOBIEHHBIE Ha OOLIEM C TPaH3UCTOpaMHU

VT2, VT13 temmootBone. Dnementsl LI, R35, R36, CII, R20, C7 mpenoTBpaIIaloT caMOBO30YKICHHE yCUIUTENS Ha
BBICOKHMX 4aCTOTAaX.
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Puc. 75.
KOMMJNeMEHTapHbIX TPaH3ucTopax
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Puc. 76. MNevatHas (a) 1 MmoHTaxHaA (6) nnaTbl yNPOLEHHOro BapuaHTa yCUNMTENA MOLLHOCTU Ha

KOMMJIeMeHTapHbIX TPAH3UCTOpax
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Puc. 77. AMHHVITy,CI,HO-'-IaCTOTHaﬂ n (*)GSO-qaCTOTHaﬂ XapakKTepnucTtukn ynpouweHHOK BapuaHTa
ycunutensd MOWHOCTU Ha KOMMJNTIeMeHTapHbIX TPaH3UCcTopax

Ilewatnas mmata, Ha KOTOPOHM pa3MEIAOT JETalM YCWIMTENs, MokasaHa Ha puc. 76. Huonelt VD3 — VD5
pacronararoT Ha pagHaTope BBIXOIHBIX TpaH3ucTopoB. Kartymka LI comepkut 10 BuTKOB mpoBoma I19B-2 0,8,
HAMOTaHHOTO Ha pe3uctope R35 (MJIT-2).

Kak u B mpeapInyIiem ycuimuree, BHadajle He0OOX0JMMO ITPOBEPHUTH HCIIPABHOCT BCEX IEMEHTOB. [locie MoHTaxa
(mposepuB ero (IIpaBUIBHOCTB) YCHINTENb, AHAJIOTMYHO IMPEIBIAYIIEMY, MOJKIIOYAIOT K HCTOYHHKY HHTaHMS.
HacTpoiika 3akirodaeTcst B yCTAaHOBKE pe3ncToOpoM R29 Ha4ambHOTO TOKA BBIXOAHBIX TPAH3HCTOPOB B mpexenax S0 ...
70 MA.

AMIIIUTYTHO- U (Pa30-4acTOTHAS XapaKTEPUCTUKU HAIAKEHHOTO yCUIINTENSI IPUBEJICHbI Ha puc. 77.

Yceunureab MOIIHOCTH Kiacca B ¢ koppekuueii nckasxennii n3-3a UCnoJib30BaHuA NpsaMoi cBsa3u. OH nMeer
CJIE/TyOIIe OCHOBHBIE TEXHUYECKHE XapAKTEPUCTUKH (CM. Takxke Tal. 4):

HomunanpHast BBIXOAHAS MOIHOCTb....... 60 Bt
Koa¢ddunment rapmonuk.......... 0,04%

[omoca pabo4mx 4acToT.......... 20... 100000 I'rg
OTHONIEHUE CUTHAN-IIYM.......... 90 nb
Hamnpsixenne nutanus........... +40 B

ToK IOKOA........ ....... O MA

OCHOBHBIM HEIOCTATKOM YCHWJIMTENs, paboTaioliero B pexume B, sBiseTcs AOBOJBHO OOJNBIIOH YpOBEHb
HEJIMHEIHBIX UCKa)XeHUl, 0COOEHHO MPU MaJIbIX YPOBHIX BXOAHOTO curHaia. OJHAKO HE0CTATOK MOYKHO YCTPaHHUTb,
JlaXKe €CJIM UCIIOJIb30BaTh B BBIXOJAHOM KAacKaJe 3KOHOMMUHBIM pexxuM B. Takoil NpuHLMII IOCTPOEHUS YCUIIUTENEH
noyuns Ha3Banue feed forward error correction (KOppeKIusi HCKa)KEHUI ¢ MCIOIb30BaHUEM NPsIMOI cBsizn). Pabory
YCHUIIUTENSI MOKHO PACCMOTPETh Ha pUMepe puc. 78.
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Puc. 78. Cxema, nosicHsilowWass NPUHLUUN KOPPEKUUM WUCKAXEHUNW B pe3ynbTaTe NpUMEHEeHUs
NpPsAMON CBA3U

Yewmnmutens cocTouT U3 yeunurest Al, BRIXOQHOTO Kackana (Ha Tpansuctopax V11, V12), paboTaiomero B pexxumMe
B, u snementoB mocta R/, Cl, R2 m LI. YcrnoBue KOMIIEHCAIMM HEIMHEHHBIX MCKAKEHUH B TaKOM YCTPOICTBE
COBMajaeT ¢ yciaoBueM Oamanca mocta: LI = RIR2C2. Ecnu MCKIIOYUTH PE3UCTOp R2, TO yCTPOHCTBO HA puc. 78
MOXHO paccMaTpuBarh Kak oObryHbIA ycuiurens HY, rme K/ obecneunBaer OOC, CI xoppekrtupyer AUX, L1
NpEeJOTBPALIaeT BHICOKOYACTOTHYIO TeHepauuio. B TakoM ycuiuurene TpeOoBaHWE CTaOMIBLHOCTH BbI3bIBAET
HEoOXoaMMOCTh yMeHblIeHus 3HaueHHss OOC ¢ poCTOM 4YacTOTHI CHUTHAJAa, YTO ECTECTBEHHO BBI3BIBAET POCT
HEJIMHEHHBIX NCKa)KeHUI BBIXOAHOTO TOKa ij. [Ipy mojmkimroueHun pesucropa R2 MOSBISETCS KOMIICHCUPYIOLIIMH TOK 1)
1 1poucxo Ut 3G GEeKTUBHAS KOMIIEHCAIMs HAa CPEIHMX M BBICOKMX YacTOTax CHrHana. Ha HU3KMX wacToTax OayaHc
MOCTa MOKET HapyIIaThCs U3-3a AKTUBHOM COCTABILIONICH B TIOJTHOM CONPOTHBICHUH HHIYKTUBHOCTH L 1.

[TomoOHEIE MeTOm BIIEpBBIE OBUT WCHONB30BaH B aHTIUiickoM ycmmutene «Quad 405» ¥ MO3BONMI TOJXYYHTH
k03¢ hUIMEeHT TapMOHUK Ha cpeHUX dacToTax okoio 0,01%.
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Puc. 79. MpuHuMnuanbHas cxema ycunuTens MOLUHOCTM Krnacca B c koppekuuen uckakeHun B
pe3ynbTaTe UCNOJIb30BaHUA NPAMON CBA3U

[MpuHIMNManpHAs cXeMa YCHINTENs Ha OTEYECTBEHHON 3JIEMEHTHOW 0ase, MCIOJIB3YIOUIero aHaJOIMYHBIH METO.
KOMITEHCAIlMM HEJIMHEWHBIX NCKKEHHUH, IpUBeeHa Ha puc. 79. PaboTa B BBIXOJHOM Kackaje B pexxuMe B mo3Bosmia
noBbicuTh KIIJI m pemuts npobieMy TepMOCTaOMIM3alui TOKA MOKOS. Y CHIINTENIbh COCTOUT M3 YEThI-PEXKAcKaIHOTO
TpeaBapuTeNnsHOro ycmnurens (Ha snemeHtax DAI, VI1 — VT4, VI7), pabotamomero B pexume A, BBIXOIHOTO
kackana (VT8 — VT10), pabotatomiero B pexxuMe B, 1 y31a 3almTel BEIXOJHOTO KacKana oT meperpysok (V76, VT5).
Bech ycunurens oxBadeH riryookoirt OOC 1o MoCTOSHHOMY TOKY (depe3 pe3uctop R31), moamepKuBaromiell Ha BBIXOZE
YCHIINTENS HyJIeBoe HalpspkeHne. Hapymenue 6amanca MOCTa Ha HU3KHX 9acToTax KoMreHcupyercs rirybokoir OOC,
HanpsOKEHWE KOTOPOW TIOCTyHmaeT B OMHUTTEPHYIO Ienb TpaHsuctopa V72 udepes pemurens RIZRI1. [na
NPEeIOTBPALICHHS CaMOBO30YKACHHsI yCUIINTENs HA BRICOKMX YacTOTax Cirykat anemeHtsl LI, L3, R25, R29, R30, C10.

IledaTHas miata ycmnutens .mokasaHa Ha puc. 80. Karymku LI — L3 Hamotansl mposoxoMm I19:B-2 1,0 Ha
KapKacax AMaMeTpoM 7 MM BUTOK K BUTKY B /Ba cios. Katymxka L2 — 30 Butkos, LI, L3 — 46 ButkoB. TpaH3uCTOPHI
VT7, VTS, VT9, VT10 ycTaHOBJICHBI HA OOIIEM TEIUIOOTBOJIC Yepe3 CIFOJITHBIC MPOKIIAIKH.

Ycunurens, IpaBUIbHO CMOHTUPOBAHHBIM M3 MCIIPAaBHBIX 3JIEMEHTOB, ITPAKTHUECKH HE TpeOyeT HacTpoiiku. s
MOJy4Y€HHUsT MUHMMAJIBHBIX HEJIMHEHHBIX HCKaKeHWI HEeoOXO0IMMO MOACTPOUTH MOCT moadopoM KonueHcaropa C8.
AMIIIATY THO-4acTOTHAs, ()a30-4acTOTHAsI M TIEPEXOAHAs XapaKTEePHCTHKY YCHIIMTEIS ITpruBeAeHb! Ha puc. 81. lus ero
MMUTaHNS HEOOXOIUM BYXTOJISIPHBIN HCTOYHHK, oOecnieynBaromunii mpu Hanpspkernd +40 B Tok He MmeHee 2 A.

YnpoueHHblii BapUaHT YCWJIHMTeNs MOLIHOCTH Kjaacca B. OH uMeeT cienyrolye OCHOBHBbIE TEXHHYECKUE
XapaKTePUCTHKH (CM. Takxke Tab. 4):

HomunanbHas BbIXOQHAS MOUIHOCTb....... 15 Bt
Koa¢ppuumeHt rapmMoHuK . ... . . .. ... 0,03%
[Tonoca pabounx 4acTor .......... 20... 80000 I'rg
OTHOIIIEHUE CUTHAI-IITYM.......... 90 nb
Hanpspxkenue nuranus ............ +17B

Tok moxod.............. 0 MA
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Puc. 80. NMeyaTHas (a) 1 MOHTaxHas (6) nnaTbl ycunutens MOLHOCTU Knacca B
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Puc. 81. AMnnutygHo-yacTtoTHasa M ¢a30-4aCTOTHasA XapaKTepUCTUKU YCUNUTENS MOLYHOCTHU
Knacca B
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Puc. 82. MpuHuunuanbHaa exema ynpaieHHOro BapMaHTa ycunurensa MowHocTH knacca B

B naHHOM ycuiTene HMCHONB3YIOTCS T€ K€ CXEeMOTEXHHUYECKHME pEIeHHUs, YTO W B mpensiaymemM (cM. puc. 79).
[IpuHnunuansHas cxeMa yCUIMTeNs mpuBeneHa Ha puc- 82. OH cocTouT M3 npeaaputenbHoro ycunurens (DAL VT1
— VT4), paboTtaromiero B pexume A, u BBIXOAHOTO Kackana (VT5, VT6), pabotaroiero B pexkume B. Moct 00pa3yroT
neranu RIO, RIl, R12, CII, L1. YctpoiicTBo paboTaeT aHaJIOTMYHO 1pe? AbIIYIIEMY.

[lewatHas mnara ycuiurens npuBeneHa Ha puc, 83. Tpamsuctopel V713 — V76 ycraHoBiIeHBl Ha 00LIEM
TEIUIO0TBOJIE UEPE3 CIIOSHBIE MPOKIAAKH.

Karymka L/ namotana npoBogom I19B-2 1,0 Ha kapkace tuaMeTpoM 7 MM BHUTOK K BUTKY B JIBa CIIOSI I COICPIKUT
40 BUTKOB.

HanaxxuBanne ycunurtens, NpaBHIbHO CMOHTHPOBAHHOTO M3 HMCIIPABHBIX 3JIEMEHTOB, 3aKJIIOYAETCsl B MOACTPOHKE
MoeTa 1mombopoM KoHaeHcatopa CH 1O MUHUMYMY HETHHEHHBIX HCKaKEHWH. [[md NnuTaHusA yCHIUTENS MOXKHO
HCIIOJIB30BAaTh JIBYXIMO-JIIPHBIH HMCTOYHWK, oOOecreuuBaronii npu Hampsokeann +17 B Tok He Menee 1 A,,
AMIIIMTYTHO-4aCcTOTHAs U (ha30-4aCTOTHASI XapaKTEPUCTUKH HAJIAXKEHHOTO YCHIIUTEIS TIPUBE/ICHBI Ha puc. 84,
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Puc. 83. NevatHasa (a) u MoHTaxHasA (6) nnaTbl yNpoLWEeHHOro BapuaHTa yCUIuMTeNns MOLHOCTHU
Knacca B

F.!
w@;ﬁcaﬂzrﬁ'“‘*-a-&?;_
e ~F =i
- e
-z02 ™~

& 20 SF MG 200 0D 2mT E4% 4% 2t 1

Puc. 84. AMI'IHVITy,D,HO-'-IaCTOTHaﬂ n CbaSO-‘laCTOTHaﬂ XapakKTepnucTukn ynpoueHHOro BapuaHTa
ycunurtensa MOLWHOCTHU Kracca B

Yceunurens MOIIHOCTH, BBINOJHEHHBIM 1O MocToBOW cxeme, OH MMeeT BBIXOAHYIO MoHIHOCTH 60 BT mnpu
OJIHOTIOJISIPHOM UCTOYHHMKE MUTAaHUA HanpsbkeHueM +40 B.
ITomryuenre OOJBIION BBEIXOMHOW MOIIHOCTH CBSI3aHO C PSIOM TPYIAHOCTEW, OJHOW W3 KOTOPBIX SBISIETCS



OTPAaHAYEHUE HAIPSOHKEHUS HCTOYHMKA ITMTAHWA, BBI3BAHHOTO TEM, YTO ACCOPTUMEHT BBICOKOBOJIBTHBIX MOIIHBIX
TPAH3UCTOPOB TOKAa €IIe JOBOJIEHO HeBelMnK. OXHUM M3 CHocOoOOB YBEIMYCHHS BBIXOAHOM MOIIMHOCTH SIBJISETCS
MOCJIEI0BATENbHO-IAPAJJIEJIbHOE  BKJIFOYEHUE OJHOTHUIIHBIX TPAaH3UCTOPOB, HO OSTO BBI3BIBAET  YCJIOKHEHHUE
KOHCTPYKLIUU YCWIHTENII W €ro HAacTPOHKy. MexIy TeM HMeeTcs Crnoco0 YBEIUYCHHUS BBIXOJHONH MOIIHOCTH,
MO3BOJISIIOINMI M30eKaTh MPUMEHEHUE TPYAHO-IOCTYIHBIX JJIEMEHTOB M HE YBEIMYHBATH HANPSDKCHHE HCTOYHHUKA
MUTaHUA. DTOT CIOCO0 3aKIIFOYASTCS B UCIIOB30BAHUH JBYX OJWHAKOBBIX YCHIIMTENCH MOIIHOCTH, BKIFOUCHHBIX TaK,
YTO BXOJHON CHTHAJI MMOJAeTCS HAa WX BXOABl B MpOTHBO(A3e, 5 HArpy3ka BKIIOUCHA HEMOCPEACTBEHHO MEXKIY
BBIXOJIaMU YCIITUTENCH (MOCTOBas €XeKa BKIIFOUCHHS YCHITUTENICH).
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Puc. 85. MpuHuMnuanbHaa cxema yCUNUTENA MOLLHOCTU, BbIMOTHEHHBIO NO MOCTOBOM CXeme

Ycunurenb MOIIIHOCTH, BBIIIOJIHCHHBI 110 TaKOH MOCTOBOM CXEME€, UMECT CJIICAYIOINHUE OCHOBHBIE TEXHUYCCKUE



XapaKTePUCTHUKH:

HomuHanbHast BEIXOAHAS MOIIHOCTS ....... 60 Bt
Koa¢ppuuumenrt rapmoHuk....... 0,5%
[Tonoca pabouux 4acror .......... 10... 25000 'y

Hanpsxkenue nuranus ......... +40 B
Toxk noko....... .50 MA

[IprHIMIIMaTBEHAS CXeMa TaKoTo YCHIIMTEINs puBeneHa Ha puc. 85. OH COCTOMT 53 IBYX OZHOTHITHBIX YCHIIMTEINCH,
AQHAJIOTUYHBIX OIMCAaHHOMY Ha puc. 66. V3meHeHue ¢a3pl BXOZHOIO CHTHAJIA JIOCTHTAaeTcs MoAadeld ero Ha
MHBEHTHPYIOLIMHA BXOJ OJHOTO M HAa MEMHBEPTHPYIOUIMI BXOJ Apyroro ycuautened. Harpyska BKIIOYEHa HEmocpen-
CTBEHHO MEXIy BBIXOJaMH yCHIIUTEIEH.

Yeunurens CMOHTHpPOBaH Ha TI€YaTHOM IUIaTe, MOKa3zaHHOW HAa puc. 86. UToObl o0ecneduTh TeMIIEpaTypHYIO
CTa0MJIM3AIMIO TOKA TIOKOSI BBIXOIHBIX TPAH3UCTOPOB, HA OOLIMIA C HUIMHU TETJIOOTBOJI pa3MelleHsl auoasl VD1 — VD4,
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Puc. 86. MeyaTHas (a, 6) n MOHTaxHasA (€) nnaTbl yCuUnuTenss MOLHOCTW, BbIMOJIHEHHOW MO
MOCTOBOM CXeme

Ilepen BxitoueHHEM MNPOBEPSIIOT MPABUIBHOCTb MOHTaka M COeAMHEHMH ycunurend. Ilocne mnoaxmodeHus
HCTOYHMKA NMHUTAHMS PE3UCTOPOM R[4 yCTaHAaBIMBAIOT MEXIY BBIXOJAMH YCHJIMTEINs HampsbkeHue He Oosee 0,5 B.
AMIIATY THO-4acTOTHAS U (ha30-9acTOTHASI XapAKTEPUCTUKH OTPETYINPOBAHHOTO YCHIIUTENS! TPUBEICHBI Ha pHcC. 87.
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Puc. 87. AMnnutygHoO-4acToTHaA M (a30-4acTOTHAA XapaKTepPUCTUKUA YCUIUTENs MOLLHOCTH,
BbINOTHEHHOM MO MOCTOBOW cCXeme

¥Y3J1bl KOHTPOJIA YPOBHSA BbIXOJAHbBIX CUT'HAJIOB

KoHTpousib ypOBHSI CHTHAJIOB 3BYKOBOTO TPAKTa MMEET BAXXHOE 3HAYCHHUE ISl MOJIYYEHHS BBICOKOKAYECTBEHHOTO
BOCIIpoM3BeAeHUs. bosblioe BHUMaHHE 3TOMY YIEISIOT, HalPUMEpP, 6 MarHUTHOM 3BYKO3AlMCH, TJI€ CUTHAJN JOJDKEH
HUMETh ONTHMaJIbHOE 3HaueHue. Eenu oH Oyner Oojblie, pe3Ko BO3pAacTar0T HEIMHEHHbIE HCKAKEHUSI, €CIIM MEHbIIIE —
yXYIIIAeTCsl OTHOIIEHNE CUTHAI-IIyM. HeoOX0ANMOCTb KOHTPOIISL yPOBHS BBIXOAHBIX CUTHAJIOB BHICOKOKAYECTBEHHBIX
YCUINTENEH TaKKe HE BBI3BIBAET COMHEHMH, ITOCKOJIBKY 3TO 3HAYMTENIBHO OOJerdaeT OalaHCHPOBKY KaHAlOB U
IpeOTBpPALIAET NMEePErpy3Ky yCUIUTENeH U aKyCTHUUEeCKUX CHETeM (a 3HA4MT, U BO3pacTaHHE HENMHEHHBIX MCKaXECHUH
Y BO3MOXKHBIN BBIXOJ] M3 CTPOS TMHAMHYECKUX T'OJIOBOK).

OCHOBHBIMHU TIapaMeTpaMu M3MEpHTENIeH ypOBHS SIBIISIIOTCS BpeMsl MHTETpalMu M BpeMs oOpaTHoOro xoxa. Bpems
WHTErpaluy OIpeAessieT, HaCKOJIbKO IPAaBWIBHO OTOOpaXkaeT M3MEpPHUTENb peallbHbIi YPOBEHb CHUTHaJa B JIAHHBIHA
MoMeHT. UeM MeHbIle BpeMsl MHTErpaluH, TeM Jydllle pearupyeT M3MEpUTelb Ha MTHOBEHHBIE M3MEHEHHUS-YPOBHS
curHana. Bpems obpaTtHOTO X012, HA000POT, BEIOMPAIOT JOCTATOYHO OONBIIMM B mpenenax | ... 3 ¢, 9To mO3BOISET
OTEJIS)KMUBATh 32 N3MEHEHUSMH CPETHETO YPOBHS CHTHAIA U UCKIIIOYAET YTOMIIIEMOCTh OT MEJIBbKaHUS 0TOOPaXKAIOIINX
JIEMEHTOB (CTPEIKH U3MEPUTENS WIIH CBETOANOIOB).

B 6bITOBOI! anmaparype i KOHTPOJIS YPOBHSI IIMPOKOE PACIIPOCTPAHEHHE TTONTYyYHIIH U3MEPUTENN YPOBHS CPEAHUX
3Ha4YeHWH (Kak TOBOPHT CaMO Ha3BaHWE,. OHH U3MEPSAIOT CpelHee 3HAueHHE CHrHaja). 3a pyOeKoM aHaJIOTHYHBIC
M3MEPHUTENN Ha3bIBAIOTCSA BOMOMETpaMH. OCHOBHBIM HEJIOCTATKOM TaKUX HM3MEpUTETEH SABIsIETCS OOJbIIOE BpeMs
uHTerpayu (okono 200 Mc), YTO He NO3BOJISIET PErHCTPUPOBATh KPATKOBPEMEHHbIE M3MEHEHUS YPOBHS CUTHAJIA.

PeanbHas 3ByKoBasi mporpaMMa UMeeT SIPKO BBIPQXKEHHBIH WMITYJILCHBIA XapaKTep M 4acTO COJEPXKUT CUTHAJIBI C
JUTATENIHOCTRIO 3HAUMTENbHO MeHbine dyeM 200 mc. [loaTomMy Ui HCKIIOUEHHs MEperpy3ok u 0oJjiee TOYHOM
peructpanuu nukoBeIx ypoBHell ['OCT 21185 — 75 pexoMeHAyeT KBa3UIMUKOBBIE U3MEPUTENIN YPOBHS C BPEMEHEM



uHTerpanuu 5 Mc [16]. MTHOTAa Takke IPUMEHSIOT H3MEPUTENH ¢ BpeMeHeM UHTerpaiuu 60 mc.

B kauecTtBe 0OTOOpa)XaroNmIMX 3JEMEHTOB B HM3MEPHUTEISIX YPOBHS [0 HENABHETO BPEMEHH HCIOJIB30BAINCH B
OCHOBHOM CTpeJioYHble IpHUOOphl. B Hacrosiee Bpems Bce 4allle NMPUMEHSIOT Ia30paspsHble, JIOMHHECLIEHTHBIE U
cBeToauoAHbIe HHAUKATOPHI ([16]. [To cpaBHEHHUIO €0 CTPENIOYHBIMU TAKHE WHAUKATOPHI IPAKTHYCCKUA OC3bIHEPIIHOHHBI
" TO3BOJIAIOT PEruCTpUpoOBaTh KPATKOBPEMEHHOC IMPEBBIMICHUC JONYCTUMOI'O 3HAYCHUA YPOBHSA BBIXOAHOT'O CHUI'HAJIA.
VYuuTeiBasg OOJIBIION AMHAMUYECKHH JMAIa30H COBPEMEHHBIX YCHWIIMTENEH, jKeNlaTelnbHO, YTOObl MIKajga W3MEpPHUTEIs
Ob11a JTOrapu(PMUIECKOM.

[lanee paccMOTpEHBI HECIOXXHBIE, HO JOCTaTOYHO 3()(EKTHBHBIC N3MEPHUTENN C HCIOJIB30BAHUEM CBETOIMOTHBIX
WHAUKATOPOB.

IIpocToit y3en korTposs neperpy3ku Ha O Y K153 Y12 u cberoanone (puc. 88). OH nMeeT cileayromne OCHOBHBIC
TEXHUYECKHE XapaKTEPUCTHKH:

KonuuecTBo MHAULMPYEMBIX YPOBHEIL........ 1
Bpewms nnTerpamym............. 1 mc

Bpewms obpaTHOTO X014............ 2c

BxopiHoe HanpspkeHue cpabaTbiBaHus...... . . 0,7 B
Hanpsoxenue nutanus..........., 15 B

Tok morpebeHus......... 1o 20 MA

Kak mnokaspiBatoT wmccienoBanus [17], meperpy3kn aKyCTHYECKHMX CHCTEM OYEHb 3aMETHBI, AaXe eCIM OHHU
KpaTKoBpeMeHHbI. Ha ciyX, OHM BOCIIpHHHMMAIOTCS Kak CKpuIll. Kpome Toro, mpu .meperpy3ke MOXET MpOM30HTH
moBpexkIeHne TudQy30pa WK 3BYKOBOM KATYIIKH TUHAMHYECKOH TOIOBKH TpoMKkoroBopurens. (Ilostomy B. ycu-
JUTENh LEIecO00pa3HO BKIIIOYATH Y3 KOHTPOJS MEeperpy3ku. B mpocTeiieM ciydae 3TO MOXET OBITh YCTPOMCTBO,
cpabaTbIBafoIiee TPH TPEBBIIICHUH HANPSDKEHHSI Ha BBIXONIE YCHIIMTENS yCTAHOBJICHHOTo mopora. CxemMa TakKoro
yCcTpolicTBa mpuBeneHa Ha puc. 88. PabGoraer omo cmenyromM o6pazoMm. CHUTHANBI C BBIXOJA JIEBOTO M IPABOTO
KaHAJIOB BBIIPSIMILIIOTCS auomamu VDI u VD2 u cymmMmupylotcs Ha pesuctope R3. Hampspkenue Ha pesuctope R3
crinaxxuBaercs kongeHcatopoM Cl u mocTymaer Ha BXoZ 3 KoMmapaTopa Ha MuKpocxeme DAI, rae cpaBHUBAeTCs €
HanpsbkeHueM Ha pesucrope R5. Korpa nHampspkeHue Ha koHIeHcatope Cl MeHbIle HanmpsbKeHHd sia pesucrope RS, Ha
BbIXoJie DA ycraHaBnuBaeTcs HanpsbkeHue okoio — 15 B, Ilpu atom ceeroanon HLI He cBetutcs (quoxn VD3 B 3ToM
cllydyae OCYLIECTBIISIET 3aIUTy €BETOANO/a M0 HarpshkeHuro). Ecin Hanpspkenne Ha C/ Bbille, yeM Ha RS, HamlpshKeHHE
Ha BBIXO/IE€ KOMIIApaTopa CTAaHOBHUTCS MOJIOKUTEIBHBIM W CBETOAMO 3aropaercs. Tok mporekaromui ueped HLI,
OTpaHMYMBACT camMa MHUKpOcXema. Bricokoe BXOJHOE CONPOTHBIIEHHE TTO3BOJISIET BKJIIOYATH ITOT y3€Jl MPAKTUYECKH B
JTF000M «CEUSHUM» YCHIIUTEIIS.

VY3en KOHTpPOIIL Meperpy3Kid CMOHTHPOBAH HAa YHH(DHITMPOBAHHON MOHTaXHOH IUIaTe ¢ MPUMEHEHHEM PE3UCTOPOB
MIJIT-0,25, xorgeneatopoB KM-5. BmecTto yka3aHHBIX Ha CXeMe MOXKHO HCIONB30BaTh MuKpocxemy KHOVY/7 u
ceetoamnon AJI102.

Hactpoiixa 3akmrodaeTcst B mogbope pesucropa R4 TakuM 00pa3oM, 9TOOBI IIPH I0/1a4€ HAa BXOJ CHTHAJIA YPOBHEM
0,7... 0,8 B (metictByromee 3HadeHne) dactoToii 1 kI cBerommoxm 3aropancs. [ns paboTel y3ma HeoOXoanMm
€Ta0WIM3MPOBAHHBIN JBYXITOJSIPHBII HCTOYHUK MUTaHKS HanpshKeHHeM +15 B u TokoMm okosio 20 MA.
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Puc. 88. MpuHuMnuManbHas cxema yCTPpOUCTBa KOHTpons neperpy3ku Ha OY n cBeTtognoae

VY3en KOHTpOJNS Heperpy3ku Ha CBETOAMOJAaX M TpaH3ucTopax. OH MMeeT Cleaylo IMe OCHOBHBIE TEXHHYECKHE
XapaKTePUCTHUKHU:

Yucno MHAULUPYEMBIX YPOBHEH. ......... 1

Bpewms unterpanum........... , 180 mc

Bpewms obpaTHOTO XO01a. .. ... . ..l ILlc

BxozaHoe HamnpsbkeHHe cpabaTbIBaHUS........ 11B
Hanpsbxkenue nuranus 15B

Tok motpebneHus............. 20 MA

Ha puc. 89 mpuBeneHa cxema 3TOTO y3Jia KOHTPOJISI YPOBHS IE€PETPY3KH, BBHITOIHSIOMIETO Te kK€ (YHKIUH, 9TO U



cXeMa, pacCcMOTpeHHas Ha puc. 88. B omimume OoT mpeaplayInero, OMUCHIBAEMBIN y3€ll IMO3BOJSIET KOHTPOIHPOBATH
KaHaJlbl yCWINTENA pasfensHo. BreimonneH oH Ha Tpamsuctopax V7 m VT2. Ha w3mepuTens ypOBHS CHTHAJIBI
HOCTYNAIOT C BBIXOJIOB YCHJINTENsSI MOLTHOCTH, BBIIPAMIISIFOTCS AuoaaMu VDI u VD2 n GuabTpyroTcs KOHJIEHCATOpaMu
CluC2

YacThk BBINPSMIICHHOTO U CIIIaXKEHHOTO HaNpsDKEHHS ¢ pe3ucTopoB R7 u RS nocrymnaet Ha 06a3bl Tpanzuctopos V11
n VT2 u cpaBHUBAeTCsS C HalpsHKEHHEM HA SMHUTTEpax. DOMHUTTEPHOE HaIpsDKEHHE 3ajaercst cradmwimtpoHoM VD3 n
paBHo okosio 5,6 B. Ilpu Hanpspkennn Ha 6azax MeHee 6 B TpaH3ucTOpBI 3aKphITHl U cBetonuonbl HLI n HL2 He
ceeTarced. [lpu Hanpspkenuu Bolte 6 B tpansucropsl V71 u VT2 oTKpBIBAIOTCS U CBETOJUOBI 3aTOPAIOTCS, HHAULIUAPYS
TEM CaMbIM IEPErpy3Ky OTAEIBHO MO KaXKJOMY KaHaIy.

VY3en CMOHTHpPOBaH Ha YHH(DHIIMPOBAHHOM MOHTaXHOW Iutare. B Hem ucmomp3oBaHbl pesueropbl MJIT-0,25,
koHzaeHcaTtopbl K53-1, BmecTo yka3aHHBIX Ha cXeMe MOXKHO HCIIONIB30BaTh Takke Tpan3ucTopsl TnoB KT312, KT342,
KT3102, ceeroguonsr AJI102.

HanaxuBanne ycTpoiCTBa 3aKiII0UaeTCa B yCTaHOBKE pe3uctopaMu R7 u R8 ypoBHS 3akuraHus cBeToauonoB HL I
u HL2 npu nopaye Ha €ro BXOJ CHHYCOMAAIbHOrO curHajia yactotoii 1 kI'n ypoBaem 11 B (melicTBytoiee 3HadeHue).
Jlir paboThl ycTpoiicTBa HEOOXOIMM CTAOMIN3UPOBAHHBIN UCTOYHUK MMTAHMs HampspkeHueM 15 B u TokoM He MeHee
25 MA.

W3mepurens ypoBHs Ha 11 cBetoguomax. B aTom m3meputene B kauecTBe KOMIapaTopoB Hcnoib3yrorcs KMOIT
MUKpocxeMbl. OH UMEET CIeAyIoNIe OCHOBHbBIE TEXHUYECKNE XapaKTEPUCTHKHY;

YHuciio MHAULMPYEMBIX YPOBHEH ,...,.. 11

Bpems unTerpany ........... 10 mc

Bpewms obpatroTo X014.. ... ..... I,5c¢

Jlnana3oH BXOJHBIX HAMPSDKEHUH ..... ... 0,077...1,1 B
Hanpspkenune nuranus........... 5B

Toxk notpebieHus............ 150 MA
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Puc. 89. lMNpuHuMnmnanbHas cxemMa YCTPOMCTBA KOHTPONA Meperpy3km Ha cBeToguogax u
TpaH3ucTOopax

s pacipeHnst BO3MOXKHOCTEH M3MEPUTENS YPOBHS MOXHO YBEIHUHUTh YHCIIO HHANIMPYEMbIX YPOBHEW CHTHAMA.
Hanpumep, B y37e, cxeMa KOTOPOTo MPpHUBECHA Ha pHUC. 88, MOXKHO MapajuiesibHO KoHAeHcaTopy CI MOACOeANHUTD eIIe
HECKOJIBKO KOMIIapaTOpOB C Pa3IMYHBIMU IOPOTaMH cpabaThIBaHUs, T. €. co3parh napamienpHbiii ALIL 3apasas
COOTBETCTBYIOIIME IOPOrW cpabaTbiBaHUs KOMIIAPAaTOPOB, HETPYJHO MOJYYHTh JIOOYI0 3aBUCHMOCTb 3aKOHa
MHJMKALUK OT YPOBHSI BXOAHOTrO curHaia. OCHOBHOW HEIOCTaTOK TAKOTO M3MEPHTEINs 3aKIHo4aeTcss B OOJbIIOM KO-
JINYECTBE KOPITYCOB aHAJIOTOBBIX MHUKPOCXEM (YTO 4acTo ObIBAET HEMATOBAXHO s paanoaroourens). OqHaKo MOXXHO
noctpouth npocteiimme AL, ucnons3ys mudposeile KMOII wuuBeptoper TamBe K561 B K564, umeromme
(PMKCHpOBaHHBIA TOpPOT cpabaThiBaHMS W OOJIBIIOE BXOJHOE CONPOTHBICHHE. B 3TOM ciyuae omHa MHKpocxema
K564JIH1 3amenseT miecTb KOPIyCOB OOBIYHBIX aHAIOTOBEIX OV.

Cxema m3meputenss ypoBHsA ¢ ucrnonb3oBaHmeM KMOII mukpocxem mpuBenena Ha puc. 90. OH cocTouT m3
nerekropa Ha Tpansucrope VT, mapamnensHoM ALIl Ha Mukpocxemax DDI, DD2, ycTpoilcTBa MHIMKAaLKUU Ha
Mukpocxemax DD3 — DDS5 u cBeropnonax HLI — HLII. Tlpu nutaHuy OT MCTOYHWKA C HampspkeHHeM 5 B mopor
cpabatbeiBanns Mukpocxemsl 564JIH1 paBen oxoro 2 B. 3akon npeoOpa3oBaHus (B JAHHOM CIydae JOTapH(pMUIECKHN)
BXOJHOTO HAIPSDKEHHSI B BEIXOTHON KOJI YCTaHABIMBAIOTCSA OAO0POM pe3ucTopoB R3 — R4 nenuterns.

Wsmepurens paboTaer ciemyromuMm oOpazoM. IIpy OTCYTCTBMM BXOJHOTO CHTHala HaNpsDKGHHE Ha BXOJax
UHBEPTOPOB MukpocxeM DD/, DD?2 Beimie niopora cpabarsiBanusa. Ha BeIXogax HHBEPTOPOB — HaNpsHKEHHE BBICOKOTO
ypoBH (Jor. 1), u cBeroguoast HLI — HLI1I He cBersatcs. [lo Mepe pocTa BXOJHOTO HampsDKEHUS HaNpsDKEHHE Ha
KoHJeHcarope C2 HaYMHAeT yBelInuuBaThes (oTHOcUTENbHO 5 B). IIpn aToM HampsbkeHue Ha BXxoJax MukpocxeM DD,
DD?2 Gyner yMeHbIIAThCS, U KAK TOJBKO OHO CTAHOBHUTCS HIDKE ITOpOra cpadaThIBaHMs, IOCIEJOBATEIbHO, HAUNHAS C
DD2.5, naunyT cpabareiBaTh MHBEpTOpHL. [Ipn 3TOM Ha MX BBIXOJax OyneT HampspKeHWe HHM3KOro ypoBHs (Jior. 0) m
ceeroquoasl HLI — HLI1 3aropsTcs.

Wzmepurens cobnparoT Ha yHU(UINPOBAHHONH MOHTaKHOM IUIaTEe C MPUMEHEHHEM MEPEXOJHBIX MOHTAKHBIX IIIaT
s mukpocxeMm TaroB K.564 u K/I33. Bmecto mukpocxemslr K564JIH1 moxuo ucnonszoBath K564JIH1, K564J1H2,



K561JIH1, K561JIH2, Bmecto KI33JIA8 — KI133JIA7, KI155JIA8, KI55JIA7 ¢ COOTBETCTBYIOIICH pa3BOIKOMN
BBIBOJIOB. B ycTpolictBe mcnonb3ytorces: pesuctopsl MJIT-0,25, kornencatopsr K53-1. Tpansuctop KT3107 moxHO
3amenuTh Ha KT361, KT203, KT208.
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Puc. 90. MpuHumMnuanbHasi cxema usmeputensa ypoBHA Ha 11 cBetoguopgax wu KMOI
KOMMapaTopax

HanaxxuBanne wm3mepurens 3akimodaercs B cienyiomeM. [Ipu orcyrcTBuu curHama mnojbopom pesucropa Rl
HEOOXOJMMO YCTaHOBHUThH TaKO€ HalpshDKEHHE Ha Bxope siemeHta DDZ2.5, utoObl cBetopmon HLI He ropen, a mpu
1ojaue Ha BXOJ YCTpOWCTBa HampsikeHust okoJio 77 MB wactotoit 1 k['u — 3aropencs. duonst HLI1 — HLI nomxHbI
3aKUTAThCS TIOCIIEAOBATeNFHO, HaunHast ¢ HL 11, npu moxave Hanpspxernit 77, 240, 350, 430, 550, 610, 690, 775, 870,



980 u 1100 MB cootBercTBeHHO. Kak mpaBmio, y MHBEPTOPOB OIHOTO KOpIIyca pa3dpoc MOPOroB cpabaThl-BaHUS
HEOONBIION, HO, YYUTHIBAsE BO3MOXKHBIH pa3zdpoc MOpOroB cpabaThIBaHUS pa3HBIX KopiycoB (DD w DDZ2), unorna
ObIBaeT HEOOX0UMMO NoA0OpaTh pe3He» Top RI10. J{ns paboTel u3Mepurels ypoBHS HEOOXOAUM CTaOMIM3UPOBAHHBIN
UCTOYHUK MUTaHUS HanpspkeHueM 5 B u TokoM He MeHee 150 MA.

[Tpocroii U3mMepuTeNnb YPOBHS ¢ MUHUMAaJIbHBIM YHCIIOM 3JIeMeHTOB. Kak mpaBuio, B OOJBIIMHCTBE M3MEpUTEIEH
YPOBHS C HCIOJIb30BAHUEM JMCKPETHBIX 3JEMEH» TOB MHAMKAIMU {CBETOAMOJOB) JUISl KaXKJOr0 W3 HUX HEOOXOIUM
AKTHBHBIN 3JIEMEHT yNpaBJeHUs (TPaH3MCTOP WM MHKpocxema). sl yMEHBUICHHUS JIEMEHTOB YIPaBICHUS MOXKHO
BOCIIOJIb30BAThCS CIICAYIONIMM OOCTOSTENBCTBOM. [IpM M3MEHEHHM B HEKOTOPBIX Ipefesiax TOKa 4Yepe3 CBETOIHMOJ
HANpsDKEHUE HA HEM COXpaHseTe» MOYTH HEM3MEHHbIM. Tora, 3allyHTHPOBAB MOCIIEA0BATENILHYIO LIEMb CBETOAMO/I0B
pe3ucropamu (Kak Moka3aHo Ha puc. 91,a), MOXKHO peryJupoBaTh MOPOTH 3a)KHI'AHUSI CBETOAUOIOB IMPH MOJaYe
Hanpsokerust Uy, CxeMy ¢ HCIIOJIb30BAaHUEM 3TOrO MPHHIMIA NPUMEHHIA B OJHOM W3 CBOUX YCHIUTENeH (upma
KENWOOD. AnanornuHasi cxemMa Ha OTE€UECTBEHHBIX JI€MEHTax Ioka3zaHa Ha puc. 91,6. IIpoctoii n3mepurens ypoBHA
C MUHUMAJIbHBIM YHCJIOM 3JIEMEHTOB UMEET CJIE/YIOIINE OCHOBHBIE TEXHUUECKNE XapaKTEPUCTHKH:

Yucno HHAMLMPYEMBIX YPOBHEH. ........ 5

Bpewmst unterpamym............. 10 mc

Bpewmst obpatHOro Xona............ I,5c

Jlnana3oH BXOJHBIX HAMPSKEHUL.......... 0,6..9B
Hanpskenue nuranus........, ... 10 B

Tok moTpednenusy .............. 30 MA

W3mepurens cocrout u3 nerekropa (VDI, VT1) n xackama wamukamwm (V12, HL1 — HLS5). Ilpu Bo3pacTanuu
CHTHaJIa Ha BXOJI¢ YCTpOWCTBa HampspDKeHHe Ha KonaeHcatope C2 ysenmmumBaercs (oTHocutenbHO 10 B). Ilpu stom
MOCTIeIOBAaTeIbHO OyayT 3aropatbcsi cBetommoabl HL3, HL2, HLI. Ilpu nampHEe#HmieM pocTe BXOJHOTO CHTHAaIa
OTKpBIBaeTCsl TpaH3uctop V712 wu 3aropaercss cBeromuon HL4 wm 3atem HL5. XapakTep 3aBUCHMOCTH TIOPOTOB
32)KUTaHUSI OT YPOBHS BXOJHOTO CHTHAJIA OIPEACIICTCS BBIOOPOM HOMHUHAJIOB Pe3UCcTOpPOB R3 — Kb.
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Puc. 91. anIHLIVIHVIaanaﬂ cXema wu3mMeputensa YypoBHA CUrHana Ha nocnepoBaTeribHO
COoeAuHeHHbIX cBeToaunoaax (a) n C ucnonb3oBaHMeM AeTeKTopa 1 NoporoBoro ycunurtens (6)

st MOHTa)ka M3MEpHTEIIsl YPOBHS MCIOJIb30BaHA YHU(PUIIMPOBAHHAS MOHTaXKHas Iiata. [IpuMeHeHb! pe3nucTopsl
MUJIT-0,25, xounencaropsl K53-1, K50-6, cBetonuonst AJI3076. BMecTo yka3aHHBIX Ha CX€M€ MOYKHO HCIOJIb30BaTh
tpan3uctopsl THIIOB KT315, KT502, KT361, KT503.

YcrpoiicTBO TpakTHYeCKH HE TpedyeT HAacTpoWKH. J[oCTaTOYHO NMPOBEPUTH NPaBHIBHOCTH MOHTaXa M IOJATh
MMUTaHHAE OT CTAOWIM3MPOBAHHOTO MCTOYHWKA HampspkeHHeM 10 B u Tokom He menee 30 MA. Ilpu keTaHUH MOXKHO
M3MEHUTH B HEOOJIBIIHX TIpeieNIaX MOPOTH cpadaThIBAaHHS CBETOIMOA0OB OA00POM pe3ucTopoB R3 — R6.



¥Y3J1bl 3BAHIUTHI 3BYKOBBIX KOJOHOK

[IpakTHueckn Bce COBPEMEHHBIC JIMHEHHBIE YCHJIMTENM MOIIHOCTH 3BYKe» BOH YacTOTHI IIOCTPOCHBI C
HCIIOJIb30BaHUEM JIBYXIIOJISIPHOTO MCTOYHMKA ITUTAHUS M O HEIOCPEICTBEHHOW (0€3 pa3fenuTeNbHOro KOHJeHCaTopa)
CBSI3bIO C Harpy3kod. Ta» Kas CTPyKTypa YCHJIHUTENs IPH BCEX JOCTOMHCTBAX MMEET OJUH BECbMa CYyIIECTBEHHBIN
HEOCTaTOK — BO3MOJYKHOCTb IIOSIBJICHHS Ha BBIXOAE YCHJIHMTENS B Cly4ae €ro HEHUCIIPaBHOCTH IIOCTOSHHOIO
HaIpsDKEHUS U, CISI0BATEIBHO, BRIX0AA M3 CTPOS JOPOTOCTOSIICH BEICOKOKAYECTBEHHON TMHAMUYECKOH TOJIOBKH. DTO
00CTOSITEILCTBO BBI3BIBACT HEOOXOAMMOCTh B HCIOJNB30BAHUH CIELHAIBHBIX 3alIUTHBIX YCTPOMCTB, OTKIIIOYAFOLINX
Harpy3Ky NpH HOSBICHHM Ha BBIXOJE YCHJINTENS NOCTOSHHOIO HampspkeHus. HensOexHas mpoOGiema, BO3HHKAIOIIAS
IIPY CO3JAQHHMHU TAKUX Y3JIOB, COCTOMT B ONpEleJIeHMH BpeMeHH HX cpabartbiBanus. [loznHee cpabaTbiBaHHME 4peBaTo
BbIXOJIOM M3 CTPOA I'OJIOBKHU. HpemﬂeBpeMeﬂﬂoe cpa6aT1)IBaH1/1e MOXKET OTKIIIOYHUTH CUCTEMY ITPU HNPOXOKIACHUN YEPE3
YCWINTEIb CHTHaja OYEeHb HHU3KOW 4YacToThl. [lo3TOMy HEOOXOAMM HEKOTOPHIH KOMIPOMHCC IIPH OIpPEAEICHHH
BpPEMEHHU 3aJiep)KKu cpabarbiBaHus. Kak mokasplBaeT NpakTHKa, NOCTATOYHO 2 C, 4TOOBI YCTPOMCTBO BalIUTBHI HE
cpabaThIBaJIO TPH JIIOOBIX HOPMAJBHBIX 3BYKOBBIX CHTHAJaX, HO IIPB IIOSBICHHM HEHCHPABHOCTH OTKIIOYANA
TPOMKOTOBOPHTEIB 0€3 ero TEIUIOBOT'O ITOBPEXKICHHSI.

Kpome Toro, n3BecTHO, YTO NpH BKIIOYEHUH NMUTAHHUS BO3HUKACT TPOMKHH ILEIYOK, BBI3BAHHBIN IEPEXOIHBIMU
npoueccaMy B ycuiirene. s ycTpaHeHHUs! 9TOTO SBJICHUS HEOOXOIUMO IMOAKIIOYAaTh IPOMKOTOBOPHTENIH K BBIXOXIY
YCHIIUTENSI C HEKOTOPOH 3a[epKKOU, JOCTATOYHOU UIS 3aBEpIICHUS MEPEXOMHBIX IpomeccoB (00bgHO 2... 3 ¢). Oty
(YHKLUIO TaKXKe BO3JIAraloT Ha YCTPOUCTBO 3aIHUTHI.

Janee paccMOTpEHBI IPOCTHIE, HO AOCTATOYHO (G PEKTHBHBIE Y37IbI 3IUTHI K 3aA€PKKH BKIIOUESHUS.

VYCTpOHCTBO 3aIUTBI W 3aJeP)KKH IIONKIIOYEHHS I'POMKOTOBOPUTENEH Ha JABYX TpaH3ucTopax. OHO HMeeT
CIIeYIOI1Ie OCHOBHBIE TEXHUUECKUE XapaKTEePUCTHKHU:

Bpewms 3anepxki.............. 2¢
Hamnpsbkenne cpabaTblBaHHsL. ......... +1,5B
Hanpsoxkenue nuranus............ 24B

Tok motpebneHus.............. 40 MA

Ha puc. 92 npuBeneHa mpUHIUNHAIbHAS CXEMa 3alIUTHOTO YCTPOUCTBA, MOAKIIOYAIOIIETO TPOMKOTOBOPUTEIH C
3a[IEPKKOW W OTKITFOYAIOIIETO WX IMPH IMOSIBICHUH MTOCTOSIHHOTO HAIPSDKEHHS Ha BBIXONE YCWIIHTENS. B HOpMalsHOM
pekuMe pabOTHl YCHIHMTENS TPH BKIIOUEHWH MUTaHWSA KoHAeHcaTop C2 3apsbkaeTcs depes pesucrop R6. Uepes
HekoTopoe Bpems (2 c), onpenensiemoe HomuHamamMu C2 1 R6, HampshkeHWe Ha 6a3e TpaH3ucTopa VT2 Bo3pactaeT o
3HAYEHHUs, JOCTaTOYHOTO /s ero oTKphiBaHUA. Pene K1 cpabareiBaeT M €ro KOHTAKTHI MMOAKIIOYAIOT TPOMKOTOBOPH-
TENM K BBIXOJAM CTEPEOYCHIIHUTENS. DTHM OOECIeuYrnBaeTCs 3aJepKKa MOJKIIOYEHUs] TPOMKOTOBOPHUTENIEH K BBIXOIY
yCuuTeNnei.
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Puc. 92. anIHLI,VII'IVIa.ﬂbHaﬂ cxemMa yCTpOﬁCTBa 3alnTbl U 3aAepXKu nNoAaKnr4veHus
rpOMKOFOBOpVITeJ'Ieﬁ Ha OBYX TpaH3ucTopax

[Ipu mosiBeHNM Ha BBIXO/IE YCHJIMTENS MOCTOSHHOTO TTOJIOKHUTENBLHOTO HarpsbkeHust oo yepes ®HY R/, R2 Cl n
mon VD2 otkpeiBaeT TpaHzuctop VT, mpu 3TOM HampsbkeHWe Ha 0Oaze TpaHsuctopa V72 ymensmaercs u V712
3akpeiBaeTcs. II0CTOSHHOE HaNnpspKEHUE OTPULATENbHON MOJSIPHOCTH HA BBIXOAE yCHIMTENs uepe3 auon VDI Taxke
3akpeiBaeT TpaHsucrop V72. Ilpu stom cpabateiBaer pene K1 u ero KOHTaKTHI OTKIIFOYAIOT TPOMKOTOBOpUTenH. [Ipn
HOpMankHOU paboTte ycmmucens @HY myHTHpyeT BXOA y37a 3alllUTHI, IPEIOTBpAIIas ero cpadaTbIBaHUE 0» CUTHAJIOB
3BYKOBBIX 4acTOT.

Jlns MOHTa)ka yCTpOMCTBA MCHONIB30BaHA YHU()UIIMPOBAHHAS MOHTa)KHAsA /n/1a~ Ta. B HEM NPHMEHEHBI PE3UCTOPHI
MUJIT-0,25, MJIT-0,5, xougencaropbl K50-6. Bmecto TtpanszuctopoB KT315I" moxHO wncmonb3oBath KT342A,
KT3102A. B ycrpoiictse mpumeneno pene POC-47 (macmopt PD4.500.417).

HanaxuBanue y3na 3aliMThl 3aKJIIOYAeTCsl B IPOBEPKE IPABWIBHOCTH MOHTaxa. s paboThl HEoOXoaum



CTaOUITM3MPOBAHHBIN UCTOYHUK MHUTaHWs HanpspDkeHHer 24 B u Tokom okoisio 40 MA. Jlns mpoBepku cpabaThIBaHUS HA
BXOJI HY>KHO IT0JIaTh ITOCTOSTHHOE HampshKeHne okoio +1,5 B.

VYCTpOoHCTBO 3aIIUTHI U 3aJIepKKU BKIIOUEHHS T'POMKOTOBOpHUTENed Ha MukpocxeMax. OCHOBHOMN HEJOCTaTOK y3ia
3alUTHl HA TPAaH3UCTOPAX 3aKirodaeTcs B cienyromeM. CUTHaIBI C BBIXOJOB OTACIBHBIX KaHAJIOB CTEPEOYCHIIUTEINS
HOABOASATCS 4epe3 pe3uctopsl RI u R2 u cymmupyrorest (cMm. puc. 92). Bo3moken cityyaid {npaBlia MaJlOBEPOSITHBIN ),
KOTJa TIOCTOSIHHBIE HaNpsDKEHHsS Ha BBIXOJAaX KaHAJOB MOT'YT MMETh Pa3HYIO INOJSIPHOCTb M paBHbIC 3HAYEHHS, U
CYMMapHBIH CHTHaJ Ha BXOJ€ 3aIlMTHOTO yCTPOWCTBa OyZET COOTBETCTBOBATh HOpMalbHOW pabore ycummtens. [Ipn
9TOM Y3l 3aIIUThI He cpabaThIBaeT, U TPOMKOTOBOPUTEIH 000MX KaHaJIOB BRIAAYT W3 cTposi. Kpome Toro, B moto0HbBIX
YCTPOMCTBAX MCIOJIB3YIOTCS] KOHICHCATOPHI JOBOJIBHO OOJIBIION €MKOCTH.

Ha puc. 93 npuBeneHa cxema y3na 3alliuThl, B KOTOPOM 3TH HEJOCTATKH YCTPAHEHBI. Y CTPOMCTBO 3aILMTHI UMEET
CJIE/TyIOIII€ OCHOBHBIE TEXHUIECKUE XaPAKTEPHUCTHKA

Bpewms 3anepxki.............. 2om
Hanpsbkenne cpabaThiBaHHUA. ......... +2 B
Hanpspkenue nutanusl............ +24 B
Tok noTpebiieHus.............. 40 MA
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Puc. 93. MpuHuMnuanbHaa cxema NOrMYecKoro yana (a) 1 nonHas cxema ycTponcTBa 3aluTbl U
3afiepPXKK1 BKIHOYEHUA TPOMKOroBopuTenen Ha MMKpocxemax (6)

[IpuHIMD pabGoOTHI YCTPOWCTBA 3alIWTHl OCHOBAaH HA HCHOIB30BaHUM MHOporoBeiid cBoiictB KMOII mngpoBbx
MHKpocxeM. Ecnu nmonaTe cMelieHue ¢ moMoInbo pe-auctopoB R/ — R4 (cM. puc. 93,a) Ha Bxoas! A u B Muxpocxemsl
DDI u DD2 ta-HuM 00pa3oM, uToOBl Ha BXOZAE A ObLI IOTCHIIMAT BBIIIC [TOpOra CpabaThIBAHUS MHUKPOCXEMBI, a Ha
Bxone B — Hmxe, To Ha Bbixoge E Oyzmer mpucyTcTBOBaTh HallpsHKEHHE BBICOKOTO YPOBHS. JTO COCTOSIHHE OyZeT
COXpaHAThCS, TIOKA IOCTOSIHHOE HarnpspbkeHue Ha Bxoae C Oyzaer cocrasiars +2 B. Ecnu HanpspkeHue craHer Bblme +2
B, mepexmrountcst mukpocxema DD2, ecnn menbiie — 2 B, cpaboraer mukpocxema DDL Ilpu sToM Ha Beixoge E
OyzeT HampspKeHHe HU3KOoro ypoBHA {ior. 0). ¥3en Taxke 00ecrednBaeT 3aJep)KKy MOSBICHUS HAIPSKEHHUSI BBICOKOTO
ypoBHs (yior. 1) Ha BbIXome E B HECKOJNBKO CEKyH[, ONpEACIIEeMyI0 BpPEMEHEM 3apsaaku KoHzaeHcatopa C/ depes
pe3uctop R3 no ypoBHs Bbie Uy,,/2.

[TomHas cxema ycTpoiicTBa 3alMTHI IpuBeleHa Ha puc. 93,6. CHrHaimbl ¢ BBIXOAOB JIEBOTO W IPABOTO KAaHAJIOB
CTEpPEOyCHIINTEIS ITOCTYIAl0T HAa KOMITapaTopsl ua snementax DDI.1, DDI1.3 v DD1.2, DD1.4. Tloporu cpabaTsIBaHUS
KOMIIapaTOpOB ONpeNeNnstoTcss pesucropamMmu Rl — RS. Ilpun HOpManbHOM peXuUME PabOThl yCHIMTENS Ha BBIXOJAX
anemenTa DDI1.3 u DD1.4 nipu BKIIOYEHUU MUTAHUS MPUCYTCTBYET HANPSKEHHUE HU3KOTO YPOBHA U TpaH3UCTOpHI V711
u VT2 3axpoiThl. [lo Mepe 3apsaaxu koHaeHcatopoB C/ u C3 HanpspkeHUs Ha BXxojax (BbIBoIbI 1 u 8) anementoB DD]. ]
u DD1.2 pacTyT U, KaK TOJILKO OHH IPEBBICAT MOPOT cpabaThIBaHUs, Ha BBIX0/IaX KOMIIApaTOPOB MOSBUTCS HANPSHKEHHUE
BBICOKOTO YpOBHsI: TpaHzuctopsl V71 u VT2 otkpotorcs, pene KI cpaboraer, n €ro KOHTAKTHI ITOAKIIOYAT TPOMKO-
TOBOPHTEINIM K BBIXOJAM cTepeoycuiuTess. [1osiBIeHne MOCTOSHHOTO HanpspKeHHs 000l mossspHOCTH Bbime 2 B Ha
BBIXOJIE JII00OTO KaHajla BBI3BIBAET CpabaThIBAaHHWE OJHOTO M3 KOMIIApaTOpOB, 3aKPBIBAHHE OJHOTO M3 TPAH3HCTOPOB U
OTKJIFOUCHNE KOHTAKTaMH pPeJie TPOMKOTOBOPHTEIIEH.

Y3es1 3aIUTEl CMOHTHPOBAH HAa YHH(UIIMPOBAHHOW MOHTa)KHOH IUIATE C MCIOJIb30BaHUEM IEPEXOAHON ILIATHI IS
pacmaiiku MHKpocxembl. B Hem wucmomb3oBaHBl pesuctopel MIIT-0,25, wommeHcaroper K53-1, KM-6. Bwmecro
yKa3aHHOH Ha CXeM€ MOXHO HCIOJB30BaTh Takke Mukpocxembel TumoB K176 m K561. B ycrpoiicTBe 3ammThI



ucmoib3oBano pene tuna POC-47 (macopt PD4.500.417).

HanaxxuBaHue y3ia 3akiIF04aeTcsi B YCTAaHOBJIEHHH MOPOTOB CpabaThIBaHUsI KOMIIAPATOPOB MOJ00POM PE3UCTOPOB
R5 — R8. Iyis paboThl ycTpoiicTBa HEOOXOIUM CTaOMIN3UPOBAHHBIN UCTOUYHUK NMUTAHUS HanpspkeHueM 24 B u Tokom
okojo 40 MA.

NCTOYHUKU ITMTAHUA

B cocraBe KaI0ro yCHIUTENBHOIO YCTPOHCTBA HEOOXOIMM HCTOYHUK ITUTAHUS, KOTOPBIN JOJDKEH BBIpaOaTHIBAaTh B
o0LieM ciryyae OFZHO WM HECKOJIBKO 3HAYEHWH NOCTOSHHOTO HAIPsDKEHUS. SIBIISSICH caMbIM HE3aMETHBIM Y3JIOM B
TPaKTe YCHJIUTEIIS, ICTOYHUKHU ITUTAHUSA 110 JOCTABIIIEMbIM XJIONOTaM 3aHHMAIOT OJTHO HY IIEPBBIX MECT.

B cBs3u ¢ OosbliMM MOTPEOJICHUEM MOIIHOCTH YCHIUTENIeM 34 HEoOXOIMMOE i ere MUTAHUS MOCTOSHHOE
HaIpsHKEHUE TOJIYYaloT TpaHC(HOPMHUPOBAHMEM U IMOCIEAYIOIIUM BBINPSIMIICHHMEM HanpspkeHus ceT. [lomydeHHoe
TaKuM CHOCO6OM HalpsHKEHUE TMUTAHUA U3MCHSACTCA B 3aBUCUMOCTH OT YPOBHSA BXOJHOI'O 3BYKOBOI'O CUI-HajIa U
KoJIeOaHHU CeTH M, KaK IPaBHJIO, NMEET 3aMETHYIO IyJbcanuio. [loaTomy B 1ens nuraHus (0OCOOCHHO Uit MUTaHUS
MIPEABAPUTENBHBIX KacKaJIoB ycwiuTenaeld 34) BKIOYAIOT CTaOWIN3aTOp HANpsDKEHUS, KOTOPBIH KOMIIEHCHPYET 3TH
n3MeHeHus HanpspkeHus. OJHako CTaOWIM3MPOBAaHHBIE WMCTOYHUKM IIMTaHUS, OOECIIEUMBAIOIIUE BBICOKYIO
crabunbpHOCTSH (0,05%) 1 Manslii ypoBeHs mynbscaruid (5... 10 MB) BeD» XoqHEr0 HanpsHKEHUsI, JOCTATOYHO JOPOTH, a B
HEKOTOPBIX LEIAX (HalpuMep, OKOHEUHBIH YCHIMTEIb MOLIHOCTH) M He 00s3aTenbHbl. [ OGONbIIMHCTBA YCHIUTENCH
34 mpuemiiemoe 3Hau€HHWE HECTaOMJIBHOCTH BBIXOAHOTO HANpPSDKEHMS COCTaBIsieT +5% Juld BBIXOAHOTO Kackaia H
+0,5% ans mpenBapUTENbHBIX KACKAIOB YCHICHHS.

[Ipu BbIOOpE PEXUMOB PabOTHI M OTAENBHBIX 3JIEMEHTOB MCTOYHHMKOB ITHTaHW» HEOOXOIMMO PYKOBOACTBOBATHCS
CIIeYIOIIMH 3aMeYaHUIMH.

MorrHocTh TpaHchopMaTopa BEIOUPAIOT BBIIIE MY3bIKAJIbHOW MOITHOCTH (MOITHOCTH, KOTOPYIO MOXET 00eCIeUnTh
YCWINTEb C ONpeAeTIeHHbIM Kod(pduireHToM rapMoHuk, Hampumep K, = 5%, mpu BOCIpOM3BEJCHUHM CHIHANA
UMITYJIbCHOTO XapakTepa (peub, My3bIKa), €CJIH BBIXOAHOE HAPSXKEHHE UCTOUHUKA ITUTAaHUS HE MEHIETCS IIPU HaJTU4UU
WJIN OTCYTCTBHHM BXOJHOTO CHUTHaJIa) ycuinuTelns npumepHo Ha 20%. BriOop KOHIeHCAaTOpOB M IMOAOB MPOBOAUTCS HE
110 YCTAHOBHUBIIEMYCSI PEKHMY, a I10 NMPEJeTIbHbIM 3HAYEHHUSM TOKa, BOSHUKAIOIIETO B MOMEHT BKJIIOUEHHMS, TaK Kak
pa3psDKEHHBIH  KOHJEHCATOP B MOMEHT BKJIIOYEHHS BBIIPSIMHUTENS OKBUBAIEHTEH KOPOTKO3aMKHYTOM IIEMu.
VIMITy TbCHBIN TOK IHoZia B 3TOT MOMEHT HE JOJDKSH NPEBBINIaTh NOIyCTUMOro 3HaueHus. {1 orpaHudeHus Opocka
TOKa B MOMEHT BKJIIOYCHHS IOCTATOYHO MEXKIYy BTOPHYHOW OOMOTKOH W BBIIPSIMHTEIEM BKIIOYHTH PE3UCTOP
compotuBieHreM 0,5 OM. DTOT pe3nucTOp OXHOBPEMEHHO OTPAHHIMBAET OPOCOK TOKA Yepe3 KOHAEHCATop (UIbTpa U
3aIUIIAeT CETEeBOH NPEIOXPAHUTENb OT BBITOPAHHS B MOMEHT BKIIIOYEHHSI.

Pabouee HampspKkeHHE KOHIEHCATOpa BBHIOMparoT Ha 25% BBINIE, YeM BBIXOJHOE HANPSIKCHHE BBIIPSIMHUTENS H3
pacueTa Ha HauXyAUIMA BapuaHT — OTCYTCTBHE HArpy3Kd NPH MaKCUMaJbHOM HampspkeHHHM ceTH. KoHpeHcaTop
q)nanpa JOJDKCH CTJIAXKUBATDH YPE3MCPHBIC ITYJIbCAIIMU TOKA, NHAYC N3-3a paCCCUBAHUS MOIITHOCTU SJICKTPOJIUTHUCCKUEC
KOHJICHCATOPBl HAIPEBAIOTCS, U CPOK X CIYKOBI COKpaIaercs.

Janee paccMOTpeHBI HCTOYHUKY MUTAHMS 111 ycuunTenel 34, B KOTOPBIX yYTEHBI IIepeUHCIICHHBIE TPEOOBaHMS.

[Ipocroii HecTaOMIIM3MPOBAHHBIM WCTOYHHMK NUTAaHUS. [ MHMTaHUS COBPEBICK-HBIX YCHJIMTEJICH MOIIHOCTH B
OOJIPIIMHCTBE CIIy4aeB MHCIOJB3YIOT HECTaOMJIM3MPOBAHHBIM HWCTOYHHMK HampspkeHus. [Ipm  sToM nwmranme
NpeBapUTENbHBI! KaCKaJOB YCHJIMTENS NMPOU3BOIAT OT 3TOTO JK€ MCTOYHMKA Yepe3 MaJIOMOIIHbBIE NapaMeTpUYecKue
crabunu3aTopel M criaxuBatromme (GuibTpl. C pocTOM CHTHAJA TOK IMOTPEONICHUS YCHIIMTENS YBEIUYHBACTCS,
HanpsHKEHHE B HECTAOWIM3HPOBAHHOM HMCTOYHMKE IalaeT, IIyJbCAlUH CTAHOBSTCS OonblIe. DTH OTKIOHEHUS
IIUTAOLIEr0 HANPSDKEHUS. He OKa3bIBAIOT CYLIECTBEHHOIO BIMSHUS Ha pabOTy yCHIIMTEINS P IPABWIBHO BHIOPAHHBIX
napaMerpax UCTOYHHKA NMUTAHUSA M pexXHMMax paboThl (QYHKIMOHAIBHBIX y310B ycuurens 34. IIpaktuueckas cxema
HEeCTaOMIN3UPOBAHHOTO JBYXIOJIIPHOTO UCTOYHNMKA NUTaHUS NpUBeAeHa Ha puc. 94. OH uMeeT cleayIone OCHOBHBIE
TEXHUYECKUE XapaKTEPUCTHUKH:

HomuHaneHOe BBIXOJJHOE HeCTaOMITM3MPOBAaHHOE HanpshkeHue . . £24 B

HoMuHanbHBIN TOK HAarpy3KH BBIIPSIMUTENA. ... 2A

HomuHanbHOE BBIXOTHOE CTA0MITN3UPOBAHHOE HATIPSDKECHUE , . , =15 B

HoMunanbHbIH TOK HAarpy3ku crabumimsaropa...... 40 MA

Koaddumment mynbcanunii BEIXOZHOTO HAMIPSHKEHUS BBITPSIMHUTENS IPH TOKE HArpy3ku 2 A......... 10%
Koadunment mynbcanuii BEIXOAHOTO HANPSHKEHHUS CTA0OMIN3aTOPa IPH TOKe Harpy3ku 40 MA.......... 1%

BrixomHoe HampsbkeHHE CO BTOPUYHON OOMOTKH TpaHchopmaropa 7/ BBIIPIM« SIIETCS MOCTOBBIM OJHO(A3ZHBIM
JIBYXITOJYIEPHOIHBIM BhIpsiMuteneM (auoasl VD1 — VD4) u crnaxuBaercs: Koaencaropamu guibrpa C2, C3. s
NHUTaHKS NPEABAPUTENHHBIX KAaCKaJ0B HCIIONIB3YIOT MapaMeTpUUecKue CTa0MIM3aTopbl Ha sneMenTax R6, VD5, C4 n
R7, VD6, C5. BxiroueHre HCTOYHUKA TUTAHUS HHAULUPYETCs CBe-TouoaoM HLI.

OTMeTHM XapakTepHble 0COOEHHOCTH paccMaTpuBaeMoro ysia. Tak, Ajst MOJKIFOYeHUs] HICTOYHUKA TIUTaHUS B CETh
HY>XHO HCIIOJb30BaTh TPEXIIPOBOAHBINA CETEBOM IPOBOJ, I'I€ OJUH M3 IMPOBOIOB CIYXHT IJIS 3a3eMJICHHUS KOXyXa
yeunutens. Takoe BKiIodeHHE oOecrieuyuBaeT Oe30MacHOCTh PaboOTHI ¢ ycwiuTeneM. B 3Tom ciyuae npu mpoboe
M30JSIIMU TpaHcopmaropa WM CIIyYalHOM KOHTAaKTe OJHOW M3 IIMH NMHUTAaHMS C KOKYXOM IpHOOpa CropuT JIMIIb



npenoxpanutens FUI, OTKIIOYMB YCHIUTENh OT ceTu. B kadectBe mpemoxpanuteneii FUI — FUS npuMeHSIOT Mea-
JICHHO JICWCTBYIOIINE IUTABKHE IPETOXPAHMUTENM, TaK KaK B MOMEHT BKIIOYCHHS HMEIOT MECTO OOJbIINE TOKH
HEPEXOHBIX MPOLECCOB (HANpUMep, IpH 3apsjKe KoHaeHcatopoB ¢wibTpoB). [Ipenoxpanurens FUI BbiOupaeTcs u3
pacuera, llTO6bI TOK CpaGaT])IBaHI/IH MpCaOXpPaHUTEIIA 6le'I 60.]1])1]_[6, 4Y€M 3HAaUYCHHUC HOMHWHAJIBHOI'O TOKAa YCUIIMTCIIA, IO
KpaiiHeit mepe, Ha 50%.
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Puc. 94. MNpuHuMnmanbHas cxemMa HeCTabUNIM3UPOBAHHOIO MCTOYHMKA NUTaHUA (KOHAEHCaTopbl
C2, C3 Ha HanpsikeHue 50 B)

Lenp w3 mocienoBaTeNnbHO COENUMHEHHBIX pesucrtopa R/ m kxonaeHcaropa Cl, moxkimrodeHHas HapajuleNbHO
MIEpPBUYHON 0OMOTKE TpaHc(opMaTopa, NpeayNnpexIacT MOsBICHNE OOIBIINX MEPEXOJHBIX IPOLECCOB MHAYKTHBHOTO
XapakxTepa, KOTOPbIe MOT'YT BO3HHKHYTb NP BBIKITIOUEHNH YCHIUTENS. DTH IPOLECCH HE TOJIBKO CO3Aal0T OMEXH JUIs
OPYTUX PSIOM pPaboOTaromIMX MPHOOPOB, HO TaKXKe pPa3pymIaloT KOHTAKTHI BEIKIMIOYaTens. Pesuctopsl R4 u RS,
mryHTupyomme koaencaropsl C1 n C2, pa3pspKaroT 3TH KOHIGHCATOPHI 332 HECKOJIBKO CEKYH]I B YCIOBHAX OTCYTCTBHSA
Harpy3kH, 4TO OYE€Hb BaXKHO IpH oThaaxe ycuinutens. [Ipum ux orcyrctBum konaeHcatopsl C/ u C2 ocrtarorcs
3apsSPKEHHBIMU TTOCJI€ BBIKIIIOYCHUA YCUITUTEIA U MOKHO TOBPEAUTH KaKI/le-J'II/IGO OJICMCHTHI, OCO6CHHO HU3MEPUTCIILHBIC
npuoOopHI.

HemnocpencTBeHHO Ha BBIXOJE CTAOMIM3aTOPOB YCTAHOBJIEHBI BHICOKOYAacTOTHBIE KoHAeHcaTtopsl C7 u C6 (KM-6).
OHHM CIIIaXXHBAIOT MEPEXOHBIE TPOIECCH M 00eCIeunBalOT IOJHOE BBIXOJHOE CONPOTHBIIEHHE CTaOMIN3aTOPOB Ha
HU3KOM YPOBHE Ha BBICOKMX YacTOTaX, MCKIIOYas TeM CaMbIM BO3MOYKHOE CaMOBO30YXKIECHHE IPEIBAPUTEIIBHBIX
KaCKaJIoB.

B kadecTBe CHIIOBOTO MOXKHO HCIIOIB30BaTh JI000i TpaHc(opMaTop, MMEIOMNI BTOPHYHYIO OOMOTKY C OTBOIOM OT
CepellMHbl, paccuMTaHHyr Ha HanpsbkeHue 2X X17 B u 1ok He MeHee 2 A. Hanpumep, npu HCHOIb30BaHUHU
ToponaanbHOro Mar-uutonposoga OJI50/80-40 u3 cramu 2320 nepBuyHas oOMoTKa Ha Hanpspkerue 220 B comepkut
1220 ButkoB mpoBoga II9B-2 0,31, a Bropuunas — 2X103 Butka mposoaa I10B-2 0,8. Dkpanupyromas o6MoTKa
BBITIONTHSIETCS TIpoBoioM 11DB-2 0,12 B oauH cioi. B ncTouynnke muTaHus UCTIOIb30BaHbl KoHAeHcaTophl K50-18, K50-
6, KM-6, peauctopst MJIT-0,5, MJIT-0,25, kouaencarop C1 — MBI'O na 600 B.

IIpu monTtaxe mnpenoxpanutenss FUI cereBod MNpPOBOJ MOABOJUTCA TOJIBKO K 3aJHEMY BBIBOIY JepKaTems
HpeIOXPaHUTENs], YTOObI UCKIIIOYHUTH CITy4allHOE CONPUKOCHOBEHHE C CHUJIOBOM JIMHHEH IPH CMEHE NMpPEeAOXpaHHUTels.
Takke HEoOXOAMMO TIIATEIHHO NPOW3BOJIUTH MOHT@X BBIKIIOYaTenst SB/ Ha mepeaHedl maHenu (MCHONIb30BaTh
IIPOBO/IA XOPOIIEro KayecTBa, MOoCIe MaiKi CEeTEeBBIX BBIBOJOB KOHTAKTHl SB/ n3zonmupoBaTh). OOLIMH IPOBOX M LETH
MMUTaHUA KKI0ro (PyHKIMOHAJIBHOTO y3Jia MOJCOSIMHSIOT K CTa0MIM3aTOPY OTIENBHBIMU IPOBOJAMH HENOCPEICT-
BEHHO K JuomaM ctabmimzatopa (VD5 m VD6). O0muii mpoBoa MCTOYHHKA MOIKIIOYAIOT K KOPITYCY YCHIIATENS B
OITHOW TOYKe BOJNM3H HamboJiee 9yBCTBUTEIHHOTO (PYHKIIMOHAIEHOTO y3IIa.

Hanaxxuanue y3ma He noTpebyeTcsi, €Cli MOHTaXX IPOBEIEH MPABUIBHO O YUETOM YKa3aHHBIX PEKOMEHJAIM U ¢
HCIIOJIb30BAHNEM HCIPABHBIX 3JIEMEHTOB.

HcTouHNK mnHUTaHMA C YCTPOHCTBOM 3aJepKKH IOAKIIOUEHHS TrpoMKorosoputeneil. OH HMMeeT Clexyronme
OCHOBHBIE TEXHHYECKUE XapaKTEPUCTHUKH:

HomuHaneHOe BBIXOJHOE HECTaOMITM3MPOBAHHOE HalpshKeHue . , £24 B



HomuHanbHBIH TOK HaTPY3KH BBEIIPSIMHUTEIS. ... 2A

HomuHanbHOE BBIXOIHOE CTAOMIM3UPOBAHHOE HANpsDKEHUE . . . £15 B
HomuHanbHbI TOK HAarpy3Ku cTaduiau3aropa...... 40 MA

Bpewmst 3aepkku, MPUOTU3UTENBHO. ....... 2¢

Ha puc. 95 npuBenena cxemMa UCTOUYHUKA MUTAHUS C YCTPOHUCTBOM 3aJ€P>KKH MOAKIHOUYEHUS] TPOMKOTOBOPUTENIEH.
HcToyHMK NUTaHUS aHAJOTHMYEH MPUBEIEHHOMY Ha puc. 94. Iy yCTpaHEHUS LIETYKOB MPH BKIHOYEHUM YCUIHUTEINS
HCHOJb3YETCsl YCTPOUCTBO 3aA€p>KKH MOJKIIOUEHHs] TPOMKOIOBOPUTENEH, BBIIIOJHEHHOE Ha TpaH3ucrope VT1. Bpems
3a[IepXKKU TIOAKIIOUCHUST ONpeAeNsieTcss BpeMeHeM 3apsiakd KoHaeHcatopa C5 dyepe3 pesuctop R7. B kauectBe
TpaHchopmaropa 7/ KelmaTenpbHO HCIIONB30BaTh TOPOMNANBHBEIA TpaHchopMaTop, 0oOIamaromuii MEHBIIUM MOJEeM
paccenBaHUs 110 CPAaBHEHHIO C OOBIYHBIMHU.

B 1aHHOM HCTOYHHMKE NUTAHUS HCIOJNb30BAHBI TAKUE K€ DIEMEHTHI, YTO M B IPOCTOM HECTAOMIM3HPOBAHHOM
ucrounuke (puc. 94). Kpome Toro, nmpumenensl pene POC-47 (macnmopt P®0.500.417), kounencatopsr K50-24, nuon
KJ[102. IToMmuMoO yKa3aHHOTO Ha cXeMe MOKHO IpuMeHUTh Tpan3uctopsl tuna K. T603 mwu KT608.

Jlyist MOHTaXKa yCTpOMCTBA 3a/IePKKH UCIIONIb30BaHa YHU(DUITUPOBAHHAS MOHTaXKHASI I1JIaTa.
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Puc. 95. MpuHuMnuanbHas cxemMa UCTOYHMKA NMUTAHUA C YCTPOMCTBOM 3aAepPXXKW MOAKMNIOYeHUs
rpomkoroBoputenen [C2 — C5 Ha HanpsikeHue 50 B)

Kak u npeapitynmii ICTOYHHUK NMUTAHUS, JaHHBIN y3€lI HacTpanBaTh He TpeOyercs. BpeMs 3amepKKu IpH skeJlaHuu
MOJKHO U3MEHSATH MOI00POM pe3ucTopa R7 win koHaeHcatopa CJ.
KoM0unupoBaHHbIi HCTOYHUK MUTAHUA. OH HMEET CIEeAYIONHE OCHOBHBIC TEXHHYESCKHE XapaKTePHCTHKU:

HomuHnanbHOE BBIXOIHOE HECTAOMITM3UPOBAHHOE HaMpsDKeHHe . . =24 B

HomuHanBHBIH TOK HATPY3KH.......... ,2A

HomuHanbHOE BBIXOIHOE CTA0MIN3UPOBAHHOE HANIPSDKEHUE . , . £15 B

HoMuHasibHBIN TOK HArpy3KH CTabMIIN3aTopa...... 0,1 A

Koa¢pduumeHt mynbcanuii BBIXOJAHOTO HANPSHKEHHST BBIIPSMUTENS IPH TOKE HATPy3KH 2A............ 10%
Koaddunment nynbcanny BEIXOAHOTO HANIPSHKEHUSI CTa0MIM3aTopa Ipu Toke Harpy3ku 0,1 A ... ... ,0,1%

JUis yMEHbBIIEHHs BIUSHUS YCUINTENS MOIMHOCTH Ha KacKajbl MIPEIBApUTEILHOIO YCHJIEHHS 10 LENSM HMUTaHUsS
JKENMaTeIbHO HANPsDKCHHWE NMUTAaHUS TpeABAPUTEIHHBIX KAaCKaJOB CHUMATh C OTHIENBHOW OOMOTKH TpaHc(opMaTopa.
[pu sToM i yiydmeHus QUIBTPAME MOXHO HCIIONB30BATh OOJiee CIOXKHBIA CTa0MIN3aTOp, HAlpHMep, Kak
MoKa3aHo Ha puc. 96. Hectabmnn3upoBaHHBIN HCTOYHUK TTUTAHKS 3/1€Ch HE OTIUYAETCS OT ONHMCAaHHBIX paHee. [IuraHue
)K€ Ha TpelBapUTesbHble Kackaabl (OPMUPYETCS OT HANpPsHKEHHsl C JOMOJHUTEIbHOW OOMOTKM TpaHcdopmaropa.
Brempsmnennoe aunonmamu VD3, VD4, VD7, VD8 wHanpsbkeHHe IOCTyIaeT Ha BXOABI MPOCTHIX CTaOMIN3aTOPOB
ToJIOKHUTENbHOTO (Tpan3uctopsl V11, VT3) n otpunarensaoro (V12, VT4) nanpspkenns. Ha tpansucropax VIl u V12
cOOpaHbl HCTOYHHUKH MOCTOSHHOTO TOKa JJist crabuiutpoHoB VD13 u VD14 coorserctBenHo. Tpanzucropst V13 u VT4
BKJIIOYEHBI [10 CX€Me 3MUTTEPHBIX TOBTOPUTENEH.

Tpaucdopmarop 71 ananormuen tpanchopmaropy 7/ na puc. 94. JlomonuutenbHas oOMoTka comepxut 2X103
BuTKa rposoza [19B-2 0,31. Crabunuzartops! coOpaHbl Ha YHH(UINPOBAHHONH MOHTaXHOH muiare. Tpansucrops! V713 n
VT4 HeoOXomMMO YCTaHOBHTb Ha HEOOJBIIOH paanaTop, B KadyecTBE KOTOPOIO MOXKHO HCIOJIB30BAaTh YTOJOK
pasmepamu 25X25X32 MM M3 QIIOMHHUS TOJIIMHOW 2 MM. B HCTOYHMKE NHUTAaHUS HWCHOJB30BaHbl JETalH,
aHAJIOTHYHBIC TIPUMEHEHHBIM B MIPEABITYIINX OJIOKax nMuTaHus. HanakuBaHue NCTOYHHKA TUTAHUS 3aKII0YAeTCS B TIPO-
«epKe TMPaBUIFHOCTH MOHTAXA.
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Puc. 96. lNMpuHUMNManbHas cxema KOMOUHUPOBAHHOIO UCTOYHUKA NUTaHUA (KoHaeHcaTopbl Cl, C2
Ha HanpsixeHue 50 B)

HPAKTHYECKHUE CIIOCOBBI HOAABJIEHUSA ITOMEX U
HIYMOB B YCUWINTEJIAX 34
NCTOYHUKU ITOMEX

OpmHMM W3 OCHOBHBIX KQ4eCTBEHHBIX MMOKa3aTeNied ycunutens 34 sBisercs TuHaMu4Yeckuil nuamnas3oH. I[lepemennoe
3BYKOBOE€ HAMpPsDKEHHUE, MOCTYIAIOIIEe Ha BXOJ YCHIUTENS, IPEACTABIISIET COOOM P/l TApMOHUYECKUAX COCTABJISFOIIUX
CUTHAJIA C Pa3IUYHBIMU aMIUIUTYJAaMH, BEJIMYUHBI KOTOPBIX U3MEHSIOTCA B COOTBETCTBUU O U3MEHEHHEM TPOMKOCTHU H
TeMOpa mepenaBaeMoro 3Byka. MakcCHMajbHass MOIIHOCTh 3BYKOBBIX KOJICOAHHUI, BOCIPUHUMAEMBIX YEIOBEYCCKUM
yxoM, B 10'2 pa3 Gonblue MHHHMANBHON MOIIHOCTH, ONpPEACISEMOil MOPOrOM YyBCTBHTEIBHOCTH yXa HA CPEIHHX
3BYKOBBIX YaCTOTaX, T. €. JMHAMHYECKUN JUana3oH MOIIHOCTH, BOCIPHU» HUMAEeMOH CIIylllaTeleM, COCTaBIISET:

0=10 1g(Pmax/Pmin)=120A5.

MaxkcumanbHasi miepeaBaeMas MOITHOCTh P, OrpaHHYCHAa WCKKCHHSIMH, BO3MUKAIONIMMU B YCHIIUTEISAX HpPU
OONBIINX AMIUTUTYAAaX CHTHajla W3-3a HEIMHCHHOCTH SJIEMEHTOB YyCWIHTENA. HWKHUN ypoBeHb IeperaBacMoro
QUHAMHUYECKOTO Jrana3oHa MOIIHOCTeH Pmin orpaHmYnBaeTcs B yCHIMTENE KaK €ro COOCTBEHHBIMH IIyMaMH, TaK H
BCEBO3MOXKHBIMH IIOMEXaMH BHEIIHETO M BHYTPEHHETO NPOHCXOXICHHUs. B wmaeane, il BBICOKOKaYECTBEHHOTO
3BYKOBOCIIPOM3BEACHUSI HEOOXOIMMO ITONTHOCTBIO COXPAaHWUTh MTUHaMHU4ecknid nuama3oH B 120 nb. Ha mpakTtuke 310
OKa3bIBAETCSI BEChMa CIIOKHO M CTENeHb NPHOMMKEHHWS AWHAMHYECKOro auama3oHa K 120 gb MoxeT ciyXuTh
KPUTEPHUEM COBEPILIECHCTBA YCWINTENBHOIO YCTPOMCTBA. Ecau AOCTMKEHHE MAKCUMAJIbHOM IepefaBacMOi MOLIHOCTH
Prax 0OJIBIIIE ONpEAEnseTCs CXEMOTEXHHYECKAMH PEIICHUSMH, TO B JOCTHKCHHH MHUHUMAJIBHOTO 3HA4YeHUs Pmin
OOJBIIYI0 POJIb WIPAIOT KaK KOHCTPYKTHUBHBIC PEUICHUS, TaK M BBHIOOD CICIMATIBHOTO pPEXHMMa PabOThI U THIIOB
PaguO3JIEMEHTOB, @ TaKXKC IMpaBUJIbHAsA OpraHu3aliusa CUCTEMbI 3a3€EMJICHUA YCUITUTEIIA.

B ycwmurensx 34 OCHOBHBIMH WCTOYHUKAMH IOMEX SBIITIOTCS; OJYDKHHE AJICKTPHYCCKHE W MAarHUTHBIC MOJIS
(cereBble mMpoBOAa, TpaHCGHOPMATOPHI U T. II.); MyJbCAlMs MCTOUYHMKOB nHTaHus (pon ¢ wacrtoroit 50, 100, 150 I'um);
BHEIIIHAE WCTOYHHUKH JATBHETO 3JCKTPOMATHHUTHOTO IMOJI (MOIIHBIC PAIUOCTAHIIAN, PCHTTCHOBCKHE YCTAHOBKU H T.
I1.); 3aTyXalomIie KoJeOaHwsI I CaMOBO30YKICHHE N3-32 HEONITUMAIFHBIX FUTH Tapa3UTHBIX OOpPaTHBIX CBS3EU [CBS3b
yepe3 OOUIMII MCTOYHHWK NHUTAHUS, Yepe3 ITOJIHOE CONPOTHBICHUE 3a3eMIICHHS); COOCTBEHHBIE IIYMBI AJIEKTPOHHBIX
KOMIIOHEHTOB (B OCHOBHOM BXOJIHBIX PE3UCTOPOB H TPAH3UCTOPOB).

Ecmu paccrossHue L OT HMCTOYHHMKA IIOMEXH [0 IPHEMHHKA I[MOMEXH 3HaYMTeNbHO Oojbmie JI/2m=J1/6, ToO
KOMIOHEHTHl MAarHUTHOTO M JJIEKTPUYECKOTO TMOJS BHEIIHETrO 3JIEKTPOMArHUTHOTO TIONS BO3JCHCTBYIOT Ha HETO
KOMILJIEKCHO, B ciiydae ke, korga 1<JI/6, KOMHOHEHTbI TOJIsl YYUTBIBAIOTCS MOPO3Hb. BO3/eiCTBIE AIIEKTPUUECCKOTO
IoJiA pacCMaTpuBacTCd B BUIC €MKOCTHOM CBSI3M MUCTOYHUK — yCTpOPICTBO, C MAarHuTHOro — B BHUAC CBA3U YCPE3
B3aMMHYIO UHAYKTUBHOCTD.

Crenyer yka3zarb, 4TO €IMHOTO MeTOAa OOpHOBI C MOMeXaMH He cylecTByeT. Ho MOYKHO NpelioKUTh KOMILIEKC
Mep, MO3BOJISIONIMX BO MHOTOM YCTPaHUTh BPEAHOE ACHCTBUE NOMeX Ha ycuiautenb 34. K HuUM oTHocsTCS:

3alIMTa MPOBOJIOB;

3a3eMIICHHE;

SKpPaHUPOBAaHUE y3JIOB;

pa3Bs3Ka KacKaJoB MO MUTAHUIO H T. II.
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HcTouyHnk moMexn Cnoco6 yMeHbIIEeHHSI TIOMeX
(-] ) D A = [} 1 L,
] =] =R ] =]
2 g = & ES |ex=alas = d ;E E8 =
S o 5 = 2 = Es8 geolow 8 = 5 a S = O = =
=8 |5z |2B |EEEg|EE |28 |=& 2 EEEE
o
SE |22 |2Z |85Eg % |2f |g€8 |fiFz:is
]
g o = ES |E28=523 e 5 z = e YsE 2
<= 2 ES (s 2Rl 2z s & 2= d=¢ &
O = = oY |~ e o = =) o=
DyleKTpUYecKoe
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Iyabcauus ucToy-
yapcan % + +
€NKa MUTAHUSA
KoneuHoe BHyTpeH-
Hee CONPOTUBJIEHHE
HCTOYHMKA MUTAHUA + + +
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BO€ CONPOTHBJIEHHE
IUHBI MTATAHAS +
IlapasuTHas oOpaTHas
CBAI3b + +
CamoB030y:KaeHne + + % " +
(3aTyxamwuiee)
CoOcTBEeHHDBIE TITY-
y + + +
MBI 3JIEMEHTOB

B Tabn. 5 mpuBeneH mepeueHb OCHOBHBIX HCTOYHHKOB TMOMEX M METOAbl MX TMojaBieHHs. Tam ke ykazaHa
Pe3yABTATUBHOCTh OTIENBbHBIX METOAOB JUISl Pa3IMYHBIX MUCTOYHHKOB TMoMeX. Crenyer OTMETHThb, YTO B3aUMOCBS3b
MEX]Iy UCTOYHUKAMH MTOMEX U CITOCO0aMU WX IMOJIABJICHUS JOBOJIEHO CIIOXKHAs, TPEOYIOIIas ydyeTe MHOTUX (haKTOPOB.
[Toatomy B Tabi. 5 mIrOCaM OTMEYEHEI T€ CIIOCOOBI, KOTOPBIE Hanbosee 3pPEeKTUBHEI B TTOJJABICHUH COOTBETCTBYFOIINX
ITOMEX, 3BE3/I09K0I — CJ1a00 TMOAABISAIOMNE YKa3aHHBIE TIOMEXH.

3AIIMUTA ITPOBOAOB

OnvH W3 OCHOBHBIX KAaHAJIOB MPOHUKHOBEHHS MOMEX B yCWiIHTeNb 3Y — COeMMHHUTENBHBIE IMPOBOAA, B KOTOPBIX
BO3HHMKAIOT Pa3HOTO poJia NMapa3uTHhIE HABOJAKA B MOMEXH. B OCHOBHOM A3TO TIOMEXH, CO3/1aBaeMble MarHUTHBIMHU
MOJISIMU TPaHC(HOPMATOPOB M MPOBOJIOB MUTAHUS M EMKOCTHBIMHU CBSI3SIMH MEXIy mpoBogamu. IloaTomy HEoOxommmo
3aIUIIATh COSAMHUTENBHBIE TIPOBOIA OT BO3/IEHCTBUS HA HI» 3THUX TIOJICH.

CyIIecTBYIOT TPU OCHOBHBIC CIIOCO0a 3allUThI MPOBOAOB! 3KPAaHHPOBAHHUE, 3«-BEMIICHHE U COOTBETCTBYIOIIAs
OopuCHTaIuA MMPOBOJHNUKOB.

BO3}1€I710TBI/IC MAardiuTHOI'O U 3JICKTPHUYCCKOI'O nojeH Ha IMPOBOAHUKHU, C TOYKU 3PpCHUA BOSHUKHOBCHHUA B HUX MTOMEX,
paznuuHo. Tak, mpu BO3AEHCTBMM MAarHUTHOTO MOJIS HampsbkeHue mnomexu U, BO3HHUKAIOLIEH B MPOBOAHUKE —
MIPUEMHHKE, OMUCHIBAECTCS YPABHEHHUEM;

UI1M=jWMI1!

rae M — xk03QUIEeHT B3aUMHON WHAYKTUBHOCTH JBYX IENEH IMPOBOIHWKA-UCTOYHUKA ITOMEX H IPOBOIHHKA-
NpUEMHHKA TTOMEX; || — TOK B IPOBOJHUKE-UCTOYHUKE, CO3JAIOLIEM [TOMEXH.

Hanuuue yrinoBoil yactorsl w = 2nF yka3bIBaeT Ha TO, YTO CBSI3b MEXKIY LEMSIMHU HPONOpPLUUOHAIbHA YacToTe F.
Koadpduument M, a cOOTBETCTBEHHO, M 3HaUYeHHEe MarHUTHOW momexu U, , MOXHO YMEHBIIUTH, PA3HOCS IIETH B
MIPOCTPAHCTBE, TINOO MPUMEHUB B HUX BUTYIO MAPy MPOBOAOB, THUOO0 IyTeM COOTBETCTBYIOIIECH OPHUEHTAIIMH ITUX LIETICH.
[IpuMeHeHne BUTHIX Map B MEMSAX HMCTOYHHKA IMOMEX W NMPHEMHHUKA IMOMEX MPHUBOAWUT K TOMY, YTO MAarHUTHBIC ITOJIS
B3aMMHO KOMIICHCUPYIOTCS.

[Ipu BO3EHCTBUU DIEKTPUUECKOTO TOJS HaBEIEHHOE M3-3a EMKOCTHOW CBSI3M MEXIy MPOBOJHUKAMU HANPSKEHUE
OT IIPOBOJHUKA-UCTOYHMKA B IPOBOJAHUKE-TIpUeMHUKE Uy 5 paBHO:

UH3 - jWRC12U1.

3HayeHne HABEIECHHOMW MOMEXH MPSIMO MPOMOPLUHOHAILHO YaCTOTE MCTOYHHKA IoMex W = 2nF, conpoTusieHnio R
HENU-TIPUEMHUKA TIOMEXH OTHOCHMTEIBHO 3eMJH, eMKOcTH CU MEXKIy NpPOBOAHUKAMH U Hampsbkenuto Ul. Tak kak
HanpsbkeHne UM 9acToTy F M3MEHHTH HENb3sl, TO €MKOCTHYIO CBSI3b MOYKHO YMEHBIIUTH NIYHTHPOBAHHEM IIEIIH-
MPUEMHHKA MAJIBIM CONPOTHBJIEHHEM R M yMeHbIIeHHeM eMKOCTH Cu 3a CUET pasHECEHUS U OPUEHTAIIMH TIPOBOJIHUKOB
WA UX 3KPaHUPOBAHHS.



Crnemyer OTMETHTD, 9TO YMEHBIIICHUE BXOIHOTO COTIPOTUBIICHHUS IPHEMHNKA IOMEXH B CITydae MarHUTHOW CBSI3H HE
CHIDKAeT HaBOJKH, KaK 3TO UMEET MECTO IIPH CBSA3U Yepe3 FIEKTPHUECKOE TOTIE.

Jlnist 3aIIUThl CUTHAJIBHBIX 1IETIEH OT AJIEKTPUYECKHX TOMEX SKPaHUPYIOLIYIO OM-JIETKY HEOOXOAMMO 3a3eMIISTh B
OI[HOi/lI TOYKEC, LITO6]JI HUCKIIIOYUTDH IMPOTCKAHUC I10 HEH TOKOB HaBOJAKH, a IJid SKPAaHUPOBKHU OT MArHMTHBIX nojeun
OIUIETKY HEOOXOIUMO 3a3eMIISITh B JIByX TOYKAax: HEMOCPEICTBEHHO y WCTOYHMKAa M y TNpHeMHHKa. [Ipu stom
BO3BPATHBINA TOK, TEKYIIUH 110 OIUIETKE B 0OpaTHOM HalpaBieHUH, OyJeT KOMIIEHCHPOBaTh MarHUTHbIE HABOJKH. DTH
IIPOTHBOPEYMBEIE TPEOOBAHUSI MOTYT OBITH Pa3pelIeHbl, €CJIM MPUMEHNTh BUTHIE Mapbl POBOJIHUKOB (B 00IIEM Kpa-
He). [Ipu 3TOM 3KpaHHpyIOIas OIJIeTKa HE JOJDKHA MCIOJIB30BAaThCS U Nepellaud CUrHaja M OJUH M3 €€ KOHIIOB
JOJDKEH OBITH M30JIMPOBAaH OT 0OIIero mpoBoia. XOpOoIIeH pa3BOIKON CIa0OTOYHBIX CHTHAIIOB (HAIpHMeEp, CBS3b
MEXXIIy MarHUTHOW TOJIOBKOH 3BYKOCHHMATEIS W BXOJOM IIPEIyCHIHTENI — KOPPEKTOpa) MOXKHO CUHTATh BapUaHT,
moKa3aHHbIM Ha puc. 97. Takoil crmoco® 3KpaHUPOBKH IPOBOJHUKOB ITOYTH ITOJHOCTHIO HCKIIIOYAET AIIEKTPHUYCCKHE
nomexu 1 Ha 70 b ocnabisgeT MarHUTHBIE HABOIKH.

Xopomuii pe3yapTaT JaeT COSANHEHHE SKPAHUPYIOMIEH OIJIETKH W OOIIEro MpOBOJa CHTHAIBHBIX IeTel B OTHON
TOYKE, MpPUYEM B TaKOW, YTOOBI TOKM IOMEX HE MOIJIM IIPOXOAUTH C DKpaHa Ha 3eMIII0 4epe3 OoOLMi THpOBOJ
CUTHAJIBHOW Ilenu. DTa TOYKa, KaK BHIHO W3 puc. 97, HaXOAWTCsA Ha oOlleM mpoBone ycuiutenedl (Touka A). Bo
n30eKaHNe 3aMbIKaHUs SKPAHUPYIOLIUX OIJIETOK BHE MPEAYCMOTPEHHOI TOYKH MX HEOOXOIMMO U30JIMPOBATh.
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Puc. 97. Cxema coeQUHEHUA rofioOBKU 3BYKOCHUMaTensa ¢ BXoAoM npeagycunutenda-Koppekrtopa

Pa3Boaka c1abOTOYHBIX CHTHAJIOB B DKPAHUPOBAHHOW BUTOHM Mape TAKXKE XOPOIIO MPEIOXPaHSAET 3T LEMH OT
JJIEKTPOMATHUTHBIX HABOJOK, TaK Kak JIFOOOW TOK, MPOTCKAMONIMA depe3 JKpaH, HABOJUT Yepe3 B3aUMHYIO
WHAYKTUBHOCTH B OOOWX BHYTPEHHHX IPOBOJHHKAX pPaBHBIC HAIPSDKEHHS, B3aWMHO YHUUYTOXKAIOIIWE IPYT Apyra.
Crnemyer OTMETHUTB, 4TO A(PGEKTHBHOCTh IKPAHUPOBAHHS BUTOH Mapbl PacTeT NMpPU YBEIWYCHWH YHUCIA BHTKOB Ha
€IVHUITY JJIHHEI.

B ycmwmurenmsix 34 pans oOmmxX NpPOBOJOB CHUTHAIBHBIX IIETIEHl MOXKHO TPHMEHSATh [Ba BHAA 3a3€MIICHUS:
nocienoBarensHoe U paauaibHoe (puc. 98). IlocnemoBaTensHOe cOeAMHEHHWE OONIUX MPOBOJOB CUTHAIBHBIX Iemnei
Pa3HBIX y3JIOB MPEICTABISACT COOON caMblil MPOCTOM M B TO K€ BpeMsl HanboJiee HEXENAaTe/IbHBIA BapuaHT. B 3Tom
cllydae TOSBISICTCS TMEPEKPECTHAs CBsI3b MEKAY KacKalaMd B Pe3yJIbTaTe MPOTEKAHHs BO3BPATHBIX TOKOB dYepe3
MOCJICIOBATEILHO COCIUHCHHBIC MOJHBIC CONPOTHUBICHUS 3a3eMJIIFOIIUX MPOBOJHUKOB, H3-32 YEro IMOTCHIIMAIBI
o0miero mpoBoJa B KaXAOM (QYHKIHOHATEHOM y3iie (DY) oTnuuHbBl OT HyJIS. DTO BBI3BIBACT NPOHUKHOBECHUE
BHYTPCHHUX IOMEX WM YacTO SBISCTCS MPUYMHOW HEYCTOWYMBON pabOTHI BCero ycrpoiicTBa. OIHAKO STOT BapHaHT
MPOCTON W MO3TOMY SBJSECTCSA Hambosee pacupocTpaHeHHbIM. i 3o cucteMbl B @Y BBIACHSAIOT HEMU C OYCHb Ma-
JBIM ¥ CTAOWJIBHEIM MOTPEOJICHHEM MOIIHOCTH M Jlallee MX OOIIHe MPOBOJAA BKIIOYAIOT MOCIenoBaTeNsHO. [IpudyeM B
TaKOH cucTeMe Hambollee YyBCTBUTENBHBIN Kackan (DY 1) Hamo pacmonaraTh Kak MOXKHO OJIIDKE K TOYKE TIEPBHYHOTO
3a3eMJICHHS, TaK KaK OHa MMeeT HamOojee ONM3KMHA K HyII0 HmoTeHnuan. OOIie mpoBoAa CHIIOBBIX IIETIEH pa3BOIST
panuanbHO, OOBEIMHAA UX B TOUKE IEPBHYHOTO 3a3E€MIICHHS.
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Puc. 98. IlocnenoBatenbHOe (¢) ¥ paguanbHoe (0) cCOeMMHEHNE CUTHAIBHON «3€MJIM» B OJJHOU TOUKE

3A3EMJIEHUE

IIpaBunabHOE 3a3eMJ€HHE — OCHOBHOM IyTh YyMEHblLIEHHs INomMex M HaBojok. IllmHa «3emms» — 310
SKBUIIOTEHIUAJIbHAS IIOBEPXHOCTh, IOTCHLMAI KOTOPOM SIBJIAETCS ONOPHBIM YPOBHEM JJI OTCYETA HAIPSKEHUS B
JI000M y3I1e Wi ycTpoiicTBe. DYHKINK MIMHBI «3eMIIsH» BBIIOIHSIIOT OOIIKE IPOBOJIA CHTHAIBHBIX U CHJIO-3BIX LIETIEH.



JUis mpaBWIBHOM TPOKIAAKH OOMIMX TPOBOAOB TpPeOyeTCs, BO-TIEPBBIX, »-;«IIIN3APOBATh HAMPSKCHHE IOMEX,
BO3HHUKAIOMIUX TPH IPOXOXAECHHUH TOKOB OT JIBYX WM 0OJ€e MCTOYHHMKOB dYepe3 oOIee COMPOTHUBICHHE OOIINX
HpOBOIlOB; BO-BTOple, HUCKIKYUTH o6pa3OBaH1/1e KOHTypOB 3a3€MJICHHUs, BECbMa I-IyBCTBI/lTeJ'H)HI)IX K MarHuTHBIM I1OJISIM
u pa3HOCTl/I IIOTCHIIMAJIOB 3€EMJIAHBIX IIIHUH.

IIpu perreHun mpoOeM MPOKIAIKKA OOLIMX MPOBOJOB HAJ0 MMOMHHUThH, YTO BCE COCAMHHUTEIBHBIC MPOBOTHHUKH
AMEIOT KOHCYHOE CONpPOTHBICHUE, COCTOSIIEE W3 AaKTHBHOH W PEaKTUBHONH (€MKOCTHOW H WHIYKTHBHOI)
cocraBisironux (R, L u C) u 9T0 pa3HEeCCHHBIC B MPOCTPAHCTBE TOYKHU 3a3E€MIICHUS MPAKTHYCCKH HE UMCIOT OJH-
HAKOBOTr0 moTeHnuana. [lostomy B ycmimurensx 34 oOmmid mpoBOJ IENMH TMHTAHWS HE JODKEH HCIOIh30BATHCS B
KadecTBe OOIIEero MpoBOJa CHTHANBFHON memu. J{J1s BRBICOKOKaYeCTBEHHON aImapaTypsl TpeOyroTcs, KaKk MHHAUMYM, TPH
paszensHBIe Henn obmero mposoga (puc. 99). Ux crnemyer coenuHSATh BMECTE TONBKO B OAHOW Touke. OHA NOJKHA
OBITH BEIOpaHa OJIM3KO K HanOoJIee YyBCTBUTEIIEHOMY Y3IIy 3CETr0 YCTPOUCTBA.

Crioco6 pazuaibHOTO COEOMHEHHS OOIIMX IIPOBOIOB HamOOJee JKEIaTeNbHO HCIIONB30BATh B YCHIHMTEIX 34,
MTOCKOJIBKY OTCYTCTBYET MEpEeKpecTHas CBsI3b MEXIY Kackagamu. OTHAKO OH MEXaHMYECKH TPOMO3/I0K U MCIIONIB3YeTC s
B LIEMSX NMUTAHUS 3 O4EeHb OONBIIMM pa3dpocoM MOTPeONIsIeMOil MOLIHOCTH. DTH CHIIBHOTOYHBIEC LENH HE00X0AUMO
OTJCNATh OT CJHA00TOYHBIX. YUTOOBI 3a3eMIIAIONIME MPOBOJA HMMEIA HHU3KOE COMNPOTUBJICHHE W HE SBILSUIACH
UCTOYHHUKAMHU M3JTy4YeHHUH, OHU JOJDKHBI UMeTh JUIMHY MeHbIne yeM 0.05A. Ha HM3KMX YacToTax 3TO YCIOBHE BCerna
YIOBJIETBOPSICTCS, B CBA3U C Y€M 3a3€MJICHHE B HECKOJIBKHX TOYKaX, KaK 3TO YaCTO MPAKTHKYETCS, 3/IECh HE TPeOyeTCs.
OTo wWCKIOYaeT 00pa30BaHUEC KOHTYPOB 3a3€MIICHUS, YyBCTBHTCIBHBIX K MArHHTHBIM IIOMEXaM M Pa3HOCTH
MMOTEHINAJIOB B TOYKaxX 3a3emiicHus. [Ipu pa3Bojke oOMKMX IeTeil MUTaHWs HA TEYATHBIX IUIaTaxX M OOIIEro ImpoBoaa
CUTHAJIGHBIX [IETIeH HAJ0 BHUMATEIHFHO CICINTH 32 TEM, YTOOBI He 00pa30BBIBAIINCH 3aMKHYTHIE KOHTYPHI.

Yemmurenu 34 MOHTHPYIOT HAa METAJUIMYECKHUX INACCH, SBIISIOMIMXCS HECYIIeH 4YacTbl0 KOHCTPYKIMH. B memsx
0€30MaCHOCTH OHHU JOJDKHBI OBITh 3a3eMIICHBI. [3-32 HANW4YWs CTHIKOB W COSAWHEHHH MX COMPOTHUBICHHUE MOXKET
OKa3aThCsA 3HAYMTENBHBIM, YTO NpHUBENET K MOABICHHIO moMex. Kopmyc HHM B KOeM ciIydae Heb3sl HCIOJIh30BaTh B
KadecTBe OOIIEeTo MpOBOJIa CHIIOBBIX M TeM 0oJjiee CUTHAIBHBIX Iieneil. Ero coemuHsoT ¢ o0ImmM MPOBOJOM TOJIBKO B
OJIHOH 001Iel TouKe. DTO COSAMHEHNE JOHKHO BHITIOIHATHCS JIJAHKON MIIM CBAPKOM, TaK KaK pe3pb00BOE COSAMHEHNE He-
yCTOﬁ'-IHBO. Hauo O6paTl/ITb BHHMMaHHUC Ya BCC CTBIKM B IIAaCCH, OHH JIOJIKHBI 6I)ITb 06ecnequb1 HaACXKHbIM
COEMHEHUEM.
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Puc. 99. Cxema BbinonHeHusi 3a3emMmneHus B ycunurtene 34
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Puc. 100. Cxema pa3BoaKu curHanosB C NepemMeHHbIM conpoTuBiieHnemM B Lenu

Oco00 Hamo MOAYEPKHYTh CHOCOOBI 3a3eMIICHHs DKPAHOB IEPEMEHHBIX DPE3UCTOPOB: PEryJSITOPOB T'POMKOCTH,
OayaHca M peryJupoBku TeMOpoB. [Ipexie Bcero B BBICOKOKAYEeCTBEHHOH ammaparype KopIyca BCceX yKa3aHHBIX
MIEPEMEHHBIX PE3UCTOPOB JIOJDKHBI OBITh M30JIMPOBAHBI OT IIACCH YCHIUTENS. Pydku, ycTaHaBIMBaeMble Ha MX OCH,
JIOJDKHBI OBITh M3TOTOBJICHBI M3 U30JAIIUOHHOTO Marepuana. COeqUHEHUs CIeIyeT BBITOIHATh BUTON Mapod B 0OIIeM
9KpaHe. DKpaHbl PE3UCTOPOB U MPOBOOB HAJIO 3a3eMJISTh TaK, Kak mokazaHo Ha puc. 100.

Ecmu curHanmpHasi memb WMEET OTACTBHYIO TOYKY 3a3€MJICHHS, SKPAaHBI BHTHIX Iap CIEXyeT 3a3eMIISITh B OJHOU
TOYKE, KOTOpasi JOJDKHA OBITH MOAKIIIOYeHA K OOIIeH TOYKe MPUEMHHKA CUTHANA (TOYKa 2). DTO yHaeTcs BBHIIIOIHUTD,
€CJIM UCTOYHHUK CUTHaa He 3a3eMyeH. Eciu jke 3a3emMileHbl M UCTOYHHK, U TPUEeMHUK (Kak moka3aHo Ha puc. 100), To
9KpaH HaZ0 3a3eMJIITh ¢ 000MX KOHIOB. Ho mpw Takoil KpaHHMpPOBKE YCTOWYMBOCTh K MATHUTHBIM IIOMEXaM IaJacT
(ocmabnenne cocrapnser 27 npotus 77 ab). Ecin ocnabienne momMex HEIOCTaTOYHO, TO TpeOyeTcss pa3opBaTh KOHTYP
3a3eMIICHHs1, HCIIONIB3Ysl TpaHC(HOPMATOPBI, ONTPOHBI M AU (hepeHInaTbHbIC YCHUITUTEINH.

Bo Bcex cirywasx B quarnazone 4actot 10 1 MI'p HeoOX0AMMO CTpEeMHThCS 3a3eMJISATh SKpaH B 0HOW Touke. Eciu
9TO HE BBIMOJIHACTCS, TO MO SKPaHy OyIyT MPOTEKATh OOJBIIKNE TOKH C YACTOTOW CETH M BHOCUTH (DOH B CHTHAJIBHYIO
enb, 3a3eMJICHHE B OJJHOM TOYKE TAKXKE YCTPAHSET KOHTYP 3a3€MJICHHS M CBSI3aHHBIC B HUM MAarHHTHBIC HABOJKH.



IToaTOMy, €ciu K pa3beMy IOJIBOAMUTCS HECKOJBKO SKPaHUPOBAHHBIX IIPOBOJAOB, TO KaXIbI 3KpaH MPUCOEIUHSIOT K
OTJENIFHOMY KOHTAaKTy, MHaue 00pa3yIOTCsl KOHTYPHI 3a3eMJICHHUS, U TOKH, IPOXOIAIINE Yepe3 FKpaH, OyAyT NPOTEKaTh
MEXIy SKpaHaMU pa3IMYHBIX BUTBHIX Tap. B Tex ciywasx, koraa ciabOTOYHBIE IENU SKPaHUPYIOT M JeJaioT
3a3eMIIeHHE B OJTHOM TOUYKE, HEOOX0AMMa U30JISLUS SKpaHa.
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Puc. 101. Cxema 3a3emneHusi nceBgokBaapadoHuyeckoro ycunurens 34

Bo Bcex cirydasix MpOBOAHUKH, BBIXOJSIINE 32 TIPEJIEIIbl IKpaHa, HE0OX0AMMO JAeIaTh Kak MOXKHO KOpOYe.

Ha puc. 101 npuBeneHa cxema 3a3eMiieHHs IIceBaOKBanpadoHnyeckoro ycumnsrens 34. Kaxnpiii @Y BbinosHeH B
BUJE€ MOXYJsl Ha II€YaTHOM IuIaTe, HA KOTOPOW CMOHTHPOBAHBI J[Ba OIMHAKOBBIX YCTPOWCTBA (IIPELyCHINTEIb-
KOPPEKTOp, (GHUIBTP, HOPMUPYIOIMHA yCHINTENb U T. 1.). Ha KakJoi M3 HUX MMEIOTCS /Ba W30JMPOBAHHBIX OOIIMX
npoBoJa: 1| — B CUTHaJIbHOW LenH, 2 — B LIENH IUTaHUS,

Haubonee gyBcTBUTENBHBIE yJacTKH YCHIHMTENS — IATh BXOAHBIX PY — 3a3eMIICHBI C MCIOJIB30BAaHUEM ABYX
pa3lenpHbIX OOIIMX IPOBOJOB CHUTHAIBHBIX LEHed (KOPPEKTOpsl M (PUIBTPHI COCAMHEHBI C OJHMUM IIPOBOJOM, a
HOPMHUPYIOIIUHA yCHWINTENb, IIyMONOJABUTENb M TeMOpPoONOK — c apyrum). llemum HuTaHUS 3THA y3JI0B U
KBaJpanpeoOpa3oBaTelisi MOAKIIOYCHBI K OTIACIbHOMY o0IieMy mpoBoay. OOmiuMe NpoBOJa CHTHAJIBHBIX —IICTeH
KBaJpanpeoOpa3oBaTelii U YEThIpeX YCHIHMTENEeH MOIIHOCTH OObeAuHEHbI B oauH. OOHIMHA MPOBOJ .IIEMH MUTAHUS
Ka)KJJOr0 yCHJIMTENSI MOIIHOCTH OTIeNbHBIH. Oco00 cieayer oOpaTuTh BHUMaHUE, YTOObI BMECTE C HUMHU B 3TOT XKI'YT
HE Tomali C1ab0TOYHbIE MPOBO/A BXOJHBIX Lered. OOmue mpoBoaa M3MEpHUTeNed YpOBHA M OJIOKOB 3alIMTHI, KakK
MEHEe UyBCTBUTENIbHBIC, OOBEIMHEHBI U IIPOJIOXKEHBI OT/IEIBHO OT APYTHX. «3eMIIsh» MIACCH CIIYXKHT ISl OAKIIIOUEHHS
KapKaca U KOXKyXa yCWINTENs K BHEIIHel muHe. O0muye mpoBoAa CUTHAIBHBIX LeNel M 1ienel MUTaHus HeoOX0oauMo
TIPUCOEANHATH K KOPITYyCYy TOJIBKO B OZHON TOYKE — B OCHOBHOM MCTOYHHKE ITUTAHUSA, T. €. B CETEBOM BhIIpsiMuTene. K
3TOH XKe TOUKe He0OXOIMMO MTPHUCOEANHNUTE SKPaH CHIIOBOTO TpaHc(opmaTopa.

IKPAHUPOBAHHUE

OYHKIMOHANBHBIA y3€ll, UMEIONA OOJbIIoi KOA(QHUINEHT yCHIeHHS (HampUMep, MperyCHIHTENb-KOPPEKTOD),
L[eNIecO00pa3sHO MOMECTUTh B METAIMYECKUH 3KpaH, YTOOBI MCKIIOYUTH BIMSHWE HA HErO BHEIIHMX MAarHUTHBIX U
IeKTpUUecKux moneil. Iloaxonsdmum MaTepuaaoM Al SKpaHa B JHUaNa30HE 3BYKOBBIX YacTOT SIBJISICTCSA CTalb.
Crnenyer UMeTh B BUAY, YTO HHU3KOYACTOTHBIE MarHUTHBIE MOJS MOMEXH TpyJHEe MOJNAIOTCS SKPAHUPOBAHHIO, YEM
anekTpuueckue. OCHOBHBIE MTOTEPH AJII MAaTHUTHBIX IOJIEH COCTABISAIOT NMOTEPH Ha IMOTJIOIIEHHE B MaTepuane 3KpaHa,
MO3TOMY 37IeCh TNPHMEHSIOTCS MAarHUTHbIE MaTepuanbl C HU3KMM MarHUTHBIM CONPOTHBIIEHHEM, HMEIOIINe
JOCTaTOYHYIO TOJIIMHY. DKpaH C TOJIIMHOHM, paBHOW IiyOWHe CKuHCIOs (Hanpumep, Ha yacrore 50 ['m, B cramm
riryouHa ero passa 0,74 MM), oOecrieunBaeT yMEHbIIEHHE aMIUINTY/Ibl BHELITHETO 1T0JIs ToMexu ~9 nb



(B e pa3). [na siexTpuuecKkux TONeH IMMOMEX 3BYKOBOTO IHAla3oHa 3KpaHHpPOBaHHE OOYCIOBIEHO, TIABHBIM
o0pasom, orpakeHreM. [103ToMy 371eCh HEOOXOIUMO HCIIOIB30BATh SKPaH M3 XOPOIIETO MPOBOAHKKA (MEb, IaTyHb U
T. 1.). IIpiMeHeHHe CTalbHBIX SKPaHOB B ammapaTrype, paboTaromiedl B Juana3oHe 3BYKOBBIX YacTOT, SIBISETCS
KOMIPOMHCCHBIM PELIEHUEM.
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Puc. 102.Cxema nogknovYeHusi aKpaHa K «3eMIAHON» LUNHE

Crenyer uMeTh B BUJLY, YTO IPH HE-NMPABUIBLHOM MOJKIIIOYEHHN 3KpaHa K 3eMJISIHOW ILIMHE, Mapa3UTHbIE eMKOCTH
00pa3yloT Iemb OOpaTHOM CBSI3M C BBIXOJAa HAa BXOA, M Kackajx (y3eld, yCTPOHCTBO) MOXKET CaMOBO30YIUTHCA.
EMVHCTBEHHO NpaBHIIBHOE IMOJAKIIOUEHHE JKpaHa, KOTOPOE HCKIIOYAET 3Ty HEXeNaTelIbHYI0 OOpaTHYIO CBSI3b, —
HOAKITI0YATh 9KpaH K 00IeMy BBIBOAY YCHIMTENS, AaXe eCIM 3Ta TOUKa He MMeeT IoTeHIrana 3emiu (puc. 102).

PA3BA3KA KACKAJAOB I1O IMTAHUIO

VcTouHMKM M LlenM NHUTaHUS MOCTOSHHOTO Toka @Y ycHiIMTeNnbHOTO yCTpOWCTBa sIBIsIIOTCA oOmmMu. [Tostomy
Ha/o o0paTHTh caMOe Cephe3HOE BHHMaHHE-HA MPOSKTHPOBAHNE CUCTEMBI ITUTAHUS, YTOOBI HCKIIIOYHUTH CBSI3U MEXIY
@V uepe3 oOmuii ncrouHUK nuTaHus. JIroOOW CHUTHANI MEPEeMEHHOro TOKa, BO3HHMKarommi B @Y wiam Harpyske, He
JOJDKEH MPUCYTCTBOBATh HA IIMHAX NMUTAHHMS W HE CO3/aBaTh IaJCHUS HANPSOKEHHUS HA BHYTPEHHEM CONPOTHBICHHH
WCTOYHHKA [TUTaHMUS.

B wuacanbHOM cilydyae WCTOYHHMK TIMTAaHUS JODKeH ObITh reHepatopoM OJIC ¢ HyneBbIM BHYTPEHHHM
conportusieHneM. OJHAKO PEabHBIM HMCTOYHMK MMEET KOHEYHOE BHYTPEHHEE CONPOTHBICHUE R, CIEIOBAaTENbHO,
yepe3 3TO COINPOTHUBIEHHE HCTOYHHMKA MOTYT 00pa3oBbIBaThCs CBsizM Mexay DVY. Ilpuuem 3Ta HexenarenbHas
oOpaTHasi CBSI3b YCHJIMBAETCSl M3-32 COINPOTHBICHUS COCIUHUTEIBHBIX MPOBOJHUKOB Lemnel nuranus. OJHOBPEMEHHO
OHH, KaK U CUTHAaJbHBIE MPOBOJHMKH, NOJABEPIKEHBI BO3ACHCTBUIO 3JEKTPUUYECKUX M MArHUTHHIX momex. U 3mech
MPUMEHHUMBI T€ JK€ METOJIbI OOPHOBI, KOTOPHIC PACCMATPHBAIIUCH PaHEe.

B cratnyeckom pexume (B pesKMMe IIOCTOSIHHOTO Toka) HanpsbkeHne Uy, mepegaBaeMoe Ha HarpysKky,

UH= Ux.x - IH max (Ri+Rn max),

rae Uy x — BBIXOJIHOE HANPSHKEHUE HEHATrPYKEHHOTO MCTOYHHKA (XOJIOCTOTO X0Ma); Iy max — MaKCHUMAaNIbHBIN TOK
Harpy3ku; Ry .« — CONMPOTUBIEHHE COENUHUTENBHOMN JIMHUY.

UroObl yIydmuTh pabOTy HCTOYHHMKA TP MEIJICHHOM HW3MEHEHHH TOKAa HArpy3KH, HEOOXOIUMO YIyYIIUTh
CTaOMIIM3HPYIONINE CBOHCTBA UCTOYHMKA (YMEHBIINUTE Ri) U COENMHUTENbHEBIC IPOBOJA OpaTh JOCTATOYHOTO CEUCHHS.
[Ipu pe3koMm m3MeHeHHWH TOKa Harpy3kd Ha [l (peKMM YCHIIEHHS 3BYKOBBIX CHTHAJIOB — JWHAMHYCCKHNA PEIKIM)
BO3HMKAIOT HANPSKEHUSI IEPEXOAHBIX IOMEX, U PE3YJIbTUPYIOLIEE-U3MEHEHUE HANPSXKEHUSI HA HArPy3Ke OKa3bIBAETCS
(byHKIEH BOJIHOBOTO CONPOTUBIIEHNUS Zo IMHUK Tiepeiaud, MrHOBEHHOE HANPSHKEHHE TTOMEXH Ha Harpy3Ke

Aun:-A!Ezazﬁ !n I{In/Cﬂr

tae L, u C,; — COOTBETCTBEHHO MHAYKTUBHOCTb M €MKOCTb JINHUM NE€peJau MUTaHUS.

BonHoBOE compoTHBIEHHE JUHUM MEpeauyd MOXKET CIYKUTh XOPOLUMM KpPUTEPHUEM KauecTBa [UIsl CPaBHEHUS
Pa3IMYHBIX CHCTEM pa3BOIKMA MHUTaHUs. UTOOBI IMOAYYNUTH XOPOMIYIO Pa3BA3KY B ITUHAMHUYECKOM PEKHUME, BOTHOBOE
COIIPOTHBIICHNE JIMHUH Tepeladn JTOIDKHO COCTABIATH He Ooiee HecKOMbKuX OM. [l 3Toro HeoOXOAUMO YBEIUYHUTH
C, 1 yMeHpIHTH L, DTO IOoCTUTaeTCs MCIOIB30BaHUEM IUIOCKUX IIMH MUTAHUSA, PACIIOIOKEHHBIX KaK MOYKHO OJmKe,
MEXIy KOTOPBIMH yCTaHABIMBACTCS M30JIMPYIOIIas MPOKJIAAKa ¢ OOJIBIION TUIEKTPUIECKOi mocTossHHON. Hampumep,
JIBa MPOBO/Ia KPYTJIOro CeYeHUsl ¢ Te(IOHOBO# M30IIsiIMeil, pasHeceHHbIX Ha 1,5 auamerpa, umetoT Zy=80 Om. OxHako
€CIIH JIBa INIOCKUX NPOBOJIHKMKA MMpruHONH H=10 MM pacriosoXuTb OJUH HaJ| IPYTUM U pa3iesiuTh TOHKOH (ToimuHol h
==100 MKM) TIOJINypETaHOBO#1 IUIEHKOH (€ = 7), TO BOJITHOBOE CONPOTHUBJICHHE TaKO MINHBI Oy/IeT:

Zy = 377 Ry V& H) = 377-100- 10~3/(V/ 7 10) = 1,420,

Ha mpaktuke cienath UIMHBI MEPEIad ¢ MAIbIM ZQ IOBOJBHO CIIOKHO M JIOPOTO, YTO BBIHYKIACT MOAKIIOYATh K
Harpy3Ke MeXAy IIMHAMHU NHUTAaHUS M 3€MJIM Pa3BA3bIBAIONINI KepaMUUecKuil KoHIeHcaTtop emKkocTsio ot 0,1 mo 1,0
MK® [19] ana obecniedeHnss MAJIOTO KOMITJIEKCHOTO COTIPOTHBIICHUS IIWH MUTaHUSA. UTOOBI MCKITIOUUTh TUHAMUYECKUE
MOMEXH 4epe3 HWCTOYHHK M JONOJHUTENBHO CrIaJuTh MYJIbCAIlMM MHTAMOIIET0 HAMPSDKEHUs, MPUMEHSIOT
pasBs3bIBatoLIye GUILTPHI.

I[J'ISI Ppa3BA3KH CHaGOTO‘lHLIX 1 YYBCTBUTECJILHBIX Y3JIOB IO LCNH MUTAHUA UC-SI0JIb3YIOTCA PE3UCTUBHO-EMKOCTHBIC U
PEKEC MHAYKTUBHO-EMKOCTHBIC (l)I/lJ'l])Tpl)l.

Wrak, mis ynydiieHds XapaKTEPUCTHK CUCTEMBI IMHUTAHHS, [EMU Pa3BOJKHA HEOOXOJWMO BBIMOJHATH IUIOCKHMHU



IUMHAMM; U Pa3BA3KU IApa3sUTHOIO CONPOTHBIECHUS LIMHBI IHMTAHUS, HEIOCPEIACTBEHHO HA 3a)XXMMaX Harpys3ku
yCTaHaBIMBAETCS KepaMHYECKHH KOHIEHcAaTop (C Majiod COOCTBEHHON MHAYKTHBHOCTBIO) Pa3BSA3KH IMUCAHUS; a JUIA
Pa3BsI3KU OTIEIbHBIX KaCKaJ0B YCHINTENs ycTaHaBiauBaloTcs RC GuiabTpbl.

BHYTPEHHUE NCTOYHUKH ITYMOB

Ecimn paxe wuckimodeHbl Bce BHEIIHME cBAsM DY Mo momexam, BCE K€ MMEETCS MHHHMMAJbHBIM YPOBEHb
COOCTBEHHBIX {BHYTpEHHHX) IIyMOB. COOCTBEHHBIE IIIyMbl HUMEIOTCS y BCEX AJIEKTPOHHBIX KOMIIOHEHTOB, Ha KOTOPBIX
paccenBaeTcss HOIHOCTE. OCHOBHBIMHM BHJIaMH COOCTBEHHBIX HIYMOB SIBIISIIOTCS: TEIUIOBBIE, APOOOBBIE, KOHTAKTHBIE,
UMITYJIbCHBIE.

TennoBble IIYMbl BO3HUKAIOT B PE3yNbTaTe TEIUIOBOTO MABIKEHMS SJIEKTPOHOB B BELIECTBE pE3UCTOpa U
OIpENENAI0T HIKHUHM YPOBEHB IIYMOB, NOCTIKUMBINA B DVY. JlelcTByolEe 3HAUEHNUE HANPSKEHUS TEMJIOBBIX IIYMOB
U,, B pa30MKHYTOH 11e1IH, 00YCIIOBJIEHHOE HAJIMYMEM B HEll CONPOTUBIEHUS R,

U= VT AFR,

rme k — 1,38%10% JIx/K - mocrosinHas Bombimana: T — aGcomoTrHas Temmepa-typa, K; AF — momoca
npornyckanus uryMos, I'i; R — compotuienne, Om. [Tpu koMHaTHO# Temneparype (290° K umn 17'C): 4kT=1.6%10°
Br/T1,

MOIIHOCTh TEMJIOBBIX IIYMOB UMEET PABHOMEPHYIO YACTOTHYIO XapaKTEPUCTHUKY W B JIOOOW YacTH CIIEKTpa MpPHU
OJIMHAKOBOH M0JIOCE MMEET OJJMHAKOBOE 3HAUCHHE, HE3aBUCHMO OT R:

Pu = U%/R=4KTQF.

Jnst yMEHbINCHHS HANPSDKCHHS TEIUIOBBIX LIYMOB HEOOXOAMMO MHHHMH3HPOBATH CONPOTUBICHUE M IOJIOCY
MPOIYCKAHUS CHCTEMBI.

JpoOoBoii mIyM CBsi3aH C IMPOXOXKACHHEM TOKa depe3 MOTEHIMANBHEIN Oapbep. OH BO3ZHHKAET W3-3a (DIyKTyannu
CpeIHEero 3Ha4YeHHs TOKa IPH XaoTH-ueckol nuddy3uu HocuTeneil yepe3 6asy TpaH3HCTOpa U U3-3a CIy4alHOTo Xapakx-
Tepa TeHepali U peKOMOWHALIMY T1ap JIEKTPOH — AbIPKa.

[eiicTByrolee 3HadYeHNE TOKA ATOrO LIyMa

In=V 24T, AF,

1
rae q=1,6-10- S Kn — 3apsAn DJIEKTPOHA; 79 — CpelHee 3HaueHue MNocTtosiHHoro Ttoka, A; JF — mnonoca
npomnyckasus, '

1 VEF ~5,66.10-10 VT,

T. €. IVIOTHOCTH JJPOOOBOTO IIIyMa 3aBUCHT TOJIBKO OT 3HAYEHHsI MPOXOSIIET0 TOKA U HE 3aBUCHUT OT YacTOTHI.

KoHTakTHBIE LIyMBbl BBI3BIBAIOTCS (UIYKTyallMeld MPOBOAMMOCTH BCIEJICTBUE HECOBEPIUEHCTBA KOHTAKTA MEXKIY
nByMsi MarepuanamMd. OHHM BCTpEYaloTCs B KOMIO3UIIMOHHBIX PE3UCTOpax, YroJIbHBIX MUKPO(OHAX, TPaH3UCTOpax U
JIM0/1aX,  T. II., KOTOPBIE COAEpKaT MHOXKECTBO CILUIABIEHHBIX MEXIy co00ii yactuu. B cuiy crienuduyHol yacToTHOH
3aBUCHMOCTH MX Ha3bIBAIOT HU3KOUacTOTHBIMM Wi 1/f mrymamu. KoHTakTHbIH mrym I

Iy= AT, VAFI,

rne A — TOCTOsIHHAs, 3aBUCSIIAs OT BHAA MaTepuaina KOHTAKTa M ero KOHQUry-pamuu; 7, — cpenHee 3HauUCHHE
MTOCTOSTHHOTO TOKa, A; f — meHTpanbHas 9acToTa moyockl npomyckanus, ['m; IF — mosoca npomyckanus, .

«Bec» KOHTaKTHBIX IIYMOB W3-3a XapaKTepPHCTHUKH 1/f Ha HU3KMX 9YacTOTaX MOXKET OBITH O4YeHb OoibmIon. [Ipm
HCCIIeI0BaHMAX IIyMBbI 1/f HaOmIonaroTCsA AaXke IPU CUTHAJE, MMEIOLIEM NepHOoJ HECKOJIBKO 4acoB. KOHTaKTHBIE IIyMBI
— T'JIaBHBIN UCTOYHUK ITOMEX B HU3KOYACTOTHBIX IIETISX.

VmmysbcHbIe NIyMbl 00YCIIOBIICHBI IPOU3BOJCTBEHHBIMU Ae(eKTaMU U MX MOXKHO YCTPAaHHUTh, YIIyUIINB HPOLECCH
NPOM3BOJICTBA. DTH IIYMBbI BBI3BIBAIOTCS JAe(eKTaMH B IEPEXOAe IMOJYHPOBOIHMKOBOrO npubdopa (0ObIMHO B BHUIE
METAJUINYECKUX NpumMeceii). UMmynbcHbIe IIyMBbl IPOSBISIOTCS KaK pe3KHe BCIUIECKU M COMPOBOXKIAIOTCS TUCKPETHBIM
N3MCHCHUCEM YPOBHH. I[HI/ITGHI)HOCT]) ITYMOBBIX HMITYJIBCOB KOHe6ﬂeTCH OT MHUKPOCCKYH/[ 10 CEKYHI, UX aMIUIATyJda
MPEBBILLIAET aMIUTUTYY TEIIOBBIX mIyMoB B 2... 100 pa3, yacToTHblil quana3on cocrasisier 0,01... ... 100 I'u. Tak xak
9TOT IUYM CBSI3aH C HAIMYHMEM TOKAa, TO HanOoJIblllee HaNpsDKEHHE IIYMOB HAOIIONAeTcsi B BHICOKOOMHBIX LEIISX,
HampuMep, Bo BxomHoW memu OVY. [lnd HMCKIIIOYEHHS HMITYJIBCHBIX IIOMEX HEO0O0XOIMMO OOHApy>KUTh LIyMSIIHH
3JIEMEHT W 3aMEHHTB €TO.

YunThIBas, YTO BCE PACCMOTPEHHBIC 3/1€Ch WCTOYHHWKH ITyMOB SBISIFOTCS HEKOPPEJIMPOBAHHBIMH, TO OHH
CYMMHPYIOTCS Ha OCHOBE IIPaBHMJ CIOXEHHMS MOIIHOCEH, CIIEI0BaTEIbHO, CyMMapHOE HAaIpsKEHHE TEIIOBOIO,
Jpo6OBOr0O, KOHTAKTHOTO U MMITYJIBCHOTO LIyMOB OIPEENACTCS KaKk

Ug= YV U2+ 02402+ U2
I[.HH I/IBMepeHI/I}I HaHpﬂ)KeHI/IH IHyMOB J‘[y‘ﬂlle BCCro I1OJIb30BaTbLCA HII/IPOKOHOHOCHI)IM OCHI/IJ‘IJ‘IOI"pa(I)OM. OCHOBHOG
NPEUMYLIECTBO OcLiIorpada nepei pasiMdHbIMU BOJBTMETPAMU B TOM, YTO Ha ocuuiuiorpade MOKHO HabIHOIaTh
(dopMy H3MEPAEMOro curHaia. IIpu 3TOM MOKHO ObITh YBEPEHHBIM, YTO U3MEPAIOTCA UMEHHO CIy4YalHblE LIyMBI, a He

HABOJKH WK GoH ceTr gacToToit 50 ['m.
JeiicTByromee 3HaueHune 0eoro mryma paBHo 1/8 (mpenmosaraercs, 9T0 OTHOMICHHUE aMILIUTYABI K AEHCTBYIOMIEMY




3HAYEHHIO LITyMOB COCTABISIET 4:1, IPU 3TOM TOYHOCTH U3MEPEHUil He Xyxke 1,5%) IBOWHOrO aMIUINTYAHOTO 3HAYEHHMS
CHTHalla, M3MepsieMoro Ha dkpane ocwwuiorpada. (IIpum onpeneneHun OBOMHON amI« JHUTYIObl Ha OSKpaHe
ocuuiuiorpaga oJIvH-/Ba MHKa, KOTOpbIe OyIyT 3HAYUTENILHO BBIIIE BCEH KPUBOM CUTHAJIA, B pacueT OpaTh He ClieyeT.)
I[J'IH KOJIMYECTBEHHOM OIICHKKW MIYMOB, BHOCHUMBIX OTACJIbHBIMH 3JICKTPOHHBIMU yCTpOﬁCTBaMH, HCIIOJIB3YIOT
K03 GHULNEHT yma:

Ko — Pm.sux (peansHora ycrpoficrea)
B Pnsur (WEEAaAbHOTO yCTpoficTRa)

Koaddunuent nmryma K, MOXKHO OTIPEACTUTH TAKKE KaK

Ku.l, = ABXIABbIX!
rie Apxy=Pcpx/Puisx Assx = Pepsx/Pusux; T €. Ky MOKa3bIBaeT, BO CKOJBKO pa3 OTHOIICHUE CUTHANI-IIIYM Ha BXOJE

ycTpoiicTBa OOJbIIIE OTHOLIEHWS! CHIHAI-IIYM Ha ero Bbixoje. KoadduimeHT nryma MHOrOKacKaJHOTO YCHITUTEINS
OIpeNIENeTCs Cﬂe)ZlyIOLLlI/lM Bblpa)KeHHeM'

K[ﬂs ﬁ:mm""-l
Kgz=Kg, + + T + ot
L KPI Kpy* KPs T Kpy Koy o Kpm—y
rae Ky v Kp;p — Kod(Q@uuUUEHTs! 1IymMa M yCHJIEHHsS O .MOIIHOCTH nepBoro kackana; K., u Ky, — Te xe

KO3 (PUIMEHTHI [UTs BTOPOTO KacKaia  T. .

W3 sTOr0 ypaBHEHHsS CIEyeT, YTO TPH JOCTATOYHOM KOI(P(HUIMEHTEe YCHIICHHs MEPBOTO KackKaga CyMMAapHBIA
ko3 durmeHT myMa onpenensercs Ko3QQUIMEHTOB IyMa MePBOro KacKaja.

Jnst yMeHbLICHUsI YPOBHsI TIOMEX M IIYMOB B OOIIel cucreme HE0OXOIUMO OTpaHWYMBATH I10JIOCY MPOIYCKaHUS
YCUJIATENST 10 3HAYEHHsI, COOTBETCTBYIONIErO IOJIOCE CIIBINIMMBIX 3BYKOBBIX CHTHAJIOB. [103TOMY B Hauajie TpakTa
HEOOXOJMMO YCTAaHABIMBATH (DHIBTPHI, OrPAHUYMBAIOINIME TMOJOCY CJBIIUMBIX YacTOT. [lojoca MpomyCKaHUs
nocieaytomux DY BeIOUpaeTCs W3 YCIOBHS O0ECHEUYEeHUs] BBICOKOTO KAuecTBAa WX JAWHAMHUYECKHX XapaKTEPUCTHK
(muHEHHOCTH (PAa30-YaCTOTHOM XapaKTEPUCTUKH, BBICOKAS KPYTU3HA IEPEXOAHOM XapaKTEPUCTHKH U T. I1.).
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