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Mpeaucnosne

NckyccTBO TIPOEKTUPOBAHUSA ayIUOYCUINTENel W3JaBHA TPUBJIEKAeT BHUMAaHWE
u paguosiobuTeneii, 1 nMpodeccuoHanoB. MoXkeT ToKa3aThest, uTo paboTa, KOTOPYIO
[IpY 3TOM TPeOYeTCsT BBITOJHHUTD, JOBOJBHO IPOCTa, HO JJISI CO3JaHUS HAIEKHOTO
BBICOKOKAUECTBEHHOTO YCUJIUTEJS Pa3pabOTUMK JIOJDKEH MTPUBJIEYb BECh Oarask CBOMX
3HaHUH B o6mactu snexTporuky. K coxasenuio, nHGOpPMAINs o BOTPOCaM TPOEKTH-
POBaHUS YCUIUTENEH MOIITHOCTH 3BYKOBBIX YaCTOT TPYAHOAOCTYITHA, TIO3TOMY S Hajle-
10Ch, YTO JJAHHAST KHUTA BOCIIOJHUT 3TOT HEOCTATOK.

[lanexo He Bce BOTIPOCHI, KACAIONTHECsT MPOEKTHPOBAHNS ayANOYCUINTENIeH, TOy-
YN CEePbe3HOE HAYYHOe HCCie/oBaHue. DoJiblas yacTh KHUTU — PE3YJIbTaT MOUX
COBCTBEHHBIX MCCAETOBAHIIH, KOTOPbIE 51 GBI BLIHYK/IEH BBIMOJHUTD U3-3a HEOCTAT-
Ka OIyOJMKOBAHHOI TI0 TOMY BOTIPOCY WH(MDOPMAIIHH.

B pesyabrare Moeii paboThI MO0 U3YUEHHUIO HCTOYHIKOB BOSHUKHOBEHUST HCKaXKe-
HUH YyCUJIMBAEMOTO CUTHAJa — a 3TO TPAAMIIMOHHO CUMTAETCS OJHOU M3 CaAMBIX
TPYAHBIX TIPOGJIEM TIPU TPOEKTUPOBAHUN YCUIUTEEH — OB BBIABIECHBI U OT/IEJIe-
HBI JIPYT OT JIpyTa HECKOJbKO B3aUMOJICHCTBYIOINX MEXaHU3MOB T€HEpaIy NCKa-
JKEHUU, Y4TO MO3BOJIUJIO OIEHUTbh U MUHUMHU3UPOBATH BKJIAJ KAKIOTO U3 HUX
C TIeJIbI0 CO3/JaHUS BBICOKOKAUECTBEHHBIX ycuanTesell kinaccoB A u B ¢ mpenerpHO
HU3KUM KO3(DOUITMEHTOM HeJTMHENHBIX NCKAKEHU, YTO BCETO BA-TPU TO/1a HA3A]l
Ka3aJIoCh ellle HeBO3MOXKHBIM. [IpeiokeHHass METOAMKA ITPOEKTUPOBAHUS AYIHO-
ycuauTesaeil, KoTopas ONNCaHAa B 3TOHW KHUTE, TO3BOJISIET TOJMydYaTh HaJeKHBIE
Pe3yJIbTAThI C MCIIOJb30BAHUEM JOCTATOYHO MAJIOr0 YMCJIA KOHTYPOB OTPUIIATENb-
HOW 06paTHOW CBSI3M W He MOBBINIAET CYNIECTBEHHO CTOMMOCTH TMPOEKTUPYEMBIX
ycuanTesel.

[Iposenennas pabota MpuGIMKAET HAC K MOHATHIO «OGE3yMPEYHOTO YCUIUTES,
KOTOPBIH MOT OBl CIY’KUTH CBOETO POJIA ITATOHOM KAYeCTBA YCHUJIEHHS U K KOTOPOMY
JIOJIZKEH CTPEMUThCS JII060# 4ecTomoOuBbIi paspaboTynk. [IepBbIM 1MIaroM Ha 9TOM
MOyTH CTAT Pa3pabOTAHHLIN MHOIO MpexpesrcumHblil ycunumens (Ha3BaHHBIN TaK MOTO-
MY, YTO OH MOKeT paboraTh B Jir0O0M 13 TpeX pexkuMoB A, B wiu AB), nogpobuo pac-
CMOTPEHHBIN B r1ase 9.




NPEANCIIOBUE m

Kpome BOTIPOCOB MUHUMU3AITNU MCKAKEHWI W TIOBBIIIEHUS] JUHEHHOCTH yCUJIe-
HUs, B KHUTE TaK/Ke 3aTParuBaloTCs U APyrie BaskHbie MPOOJIEMbl, CBS3aHHbBIE C IIPO-
€KTUPOBAHUEM YCIIUTEIEl, TaKie KaK HaleKHOCTh, 00eciedeHne cTaOMIbHbIM II1Ta-
HUEM, 3aIUTa OT MEePerpy30K u T.1. [IpuBeieH YHUKAIBHBIA MaTepPUas M0 PEKIMAM
paboThl Ha PEAKTUBHYIO HATPY3KY, HEOOBIYHBIM CIIOCOOaM KOMIIEHCAIIMY MCKaXKeHU
u MHoroe zapyroe. O6cyskaaeMble BOIPOCH CHAOKEHbBI MOAPOOHBIMU CChLIKAMK Ha
CTIpaBOYHBIE U3IaHUSI, TPU3BAHHbIE TOMOYD YUTATENIO B JAJbHENIIIEM NCCIETOBAHNN
B 9TOM 06J1aCTH.

B ayanorexHuKe HEPEAKO BCIBIXUBAOT PAs/MUYHbIE CIIOPBI, TOUYHEe GBLIO OBl CKa-
3aTh, YTO 3TO CTAJO OOBIYHBIM SIBJIEHMEM, U 9TO HECMOTPSI Ha TO, YTO, KaK IIPaBUJIO,
PEIIKO YAAeTCsI BBISIBUTH I0OCTATOYHO CEPHE3HYI0 OCHOBY [IJIsI TAKUX pa3Hormacuil, XoTs
HCKYCCTBO TIPOEKTUPOBAHUS ayAHOAIapaTypbl Pa3BUBAJIOCh TI0 MHOTHM HallpaBJe-
HUSM, HO U eMy He yAaJoch M30eKaTh BHUMAHUS T€X, KTO MCIBITHIBAET CKJIOHHOCTh
CKopee K cyeBepusM, ueM K Hayke. [Ipu pabore Hajl KHUTOM s BCET/a CTAPAJICI CJAEL0-
BaTh Ty/a, Ky/Ja BeJu MeHsI (DaKThl, @ MO OIIBIT My3bIKaHTa-JTI00UTENISA U POdeccruo-
HAJBHOTO pa3paboTUMKa ayAnoalnapaTypbl, a TakKe MOW HCCJIEIOBaHMs B 00JacTH
MICUXOJIOTUH U TICUXOMU3NOTIOTUH CJIYXOBOTO BOCIIPUSITUSI TIPUBEJN MEHST K TBEPAOMY
3aKJIIOYEHUIO, YTO HE CYIIECTBYET aCIIeKTOB, BIUSIONINX Ha KAa4eCTBO BOCIIPOU3BEJIE-
HUST 3BYKA, KOTOPBIE HEMb3sT OBLITO ObI 00BSICHUTE, U UTO JI06AsT IOCTATOYHO CEPhE3HAST
KHUIa HA 9Ty TeMY J0JIKHA ObITh OCHOBaHA Ha 9TOH IIPEAIIOCHLIKE.

S mpuioxua Bce ycuiusi, 4ToObl MHMOPMAIIUS, [TPEACTaBIEHHAS B 9TOH KHUTe —
Y TEOpHsl, U Pe3yJIbTaThl MOJETUPOBAHUS, U IKCIHEPUMEHTATbHbIE U3MEPEHUS, —
HE OTKJIOHSIJTACh OT WMCTHHBI, HACKOJBKO 39TO BO3MOKHO. [IpaBHMIBHOCTH OCHOBHBIX
[I0JIOKEHU I, IPUBEIEHHBIX 3/1€Ch, TOATBEP K IaeTCs BITYyCKOM Gosee uem 20000 Bbico-
KOKAUeCTBEHHBIX YCUJIUTEJIEH, TPOU3BEAEHHBIX 3 TOCTEIHUE JBA TOMa, — BPS JU
Kakas-1100 METOMKA [IPOEKTUPOBAHUS MOKET HaJIeAThCs IIOJIyYUTh G0Jlee CePbe3HYI0
AKCIIEPUMEHTAJIbHYIO TIOAIEPKKY. Pasymeercsi, aBTOp TpU3HAET CBOIO OTBETCTBEH-
HOCTB 32 JIObIe HETOYHOCTH, KOTOPBIE MOTYT €Ille MOTYT ObITh BBISIBJICHBI.

S mymaio, 4To 3Ta KHUra OyJer IoJe3Ha BceM pa3paboTYMKaM ayauoaliapaTyphl,
Kak mo6uressam, Tak u npodeccuonanaM. Ho Gosee BCero s Haeioch, 4TO OHA OKAXKET
CTUMYJIMPYIOIee BO3AEHCTBYE Ha [PYTUX MCCIIe0BaTe el B 9T0M 00JIaCTH ¥ IOMOKET
UM PaCIIUPUTh IPAHUIIBI HAIIKX [IO3HAHUI B 06J1aCTH ayANOTEXHUKH.

Hyenac Cengp



asa 1. O6bwume ceegeHns o YM3Y

1.1. DkoHOMMYecKaa BaXxHocTb YM3Y

3HaueHue yCUJIUTeNeil MOITHOCTH 3BYKOBBIX YacToT (Y M3Y) TpysHO mEepeoreHnTs.
EsxerosHo B MUpe MpOU3BOAUTCS COTHU Thicsd ¥ M3Y, ncTopust MX pa3BUTHUS BEAETCS
€ IBA/IIIATBIX TO/IOB IPOILIIOTO cToJieTus. [IoaToMy BBI3BIBAaET yuBIeHUE TOT (DaKT, YTO
BOIIPOCaM UX PaspabOTKH MOCBSAIIEHO HE TAK YK MHOTO KHUT.

ABTOp Hazeercs, YTO KHUTA, KOTOPYIO BBI JIEPAKUTE B PyKaX, HECKOJIBKO BOCIIOJHUT
aToT mpobet. Bo-mepBbix, 3/1eCh BbI HaliZieTe cephe3Hoe 00CyKIeHIe MHOTHX TIPOOIIEM,
BOSHUKAWIINX y pa3paboTyukoB 1pu mpoektupoBanuu Y M3Y. Bo-BTOpbhiX, 3a
HOCJIeJIHUE TOMABI B JAHHON 06JacTé GbLIO OIMyOJIMKOBAHO HEMAJO OPUTMHAILHBIX
paboT, MOTOMY OZHON W3 esell KHUTH SBJISIETCS PACIIPOCTPAHEHIE HOBBIX PE3YJIbTa-
TOB CpeJlu MUPOKON YUTATEIbCKON ayIUTOPUH.

BaskHbIil pe3yIbTar MOCTeIHIX TOCTHKEHIH B 001aCTH Pa3pabOTKU 3BYKOBBIX YCIITH-
TeJieli COCTOUT B TOM, YTO TIpotieaypa rnpoektuposanus Y M3Y ¢ Huskum koapduiimen-
TOM UCKasKEHUH Terepb MOKET ObITh OITICAaHa B BUJIE IOCTATOYHO CTPOTOTO AJITOPUTMA, 2 -
He PACIIBIBYATHIX METOIMK C MHOKECTBOM ITOIBOIHBIX KaMHEH, KaK 9TO ObLIO paHee.

1.2. OGpalLeHme K yutartenio

Yro6bl KHUTA TAKOTO POJA MMeJa PasyMHBINA 00beM, aBTOD BBIHYKIEH IIPEAIOJIaraTh
y UnTaTeNsE HaJUJKe 3JIeMEHTAPHBIX 3HAHWI B 00JIaCTH ayAMOTEXHUKH. 1109TOMY MBI
He OyzeM 06CyKIaTh OIpeIeNeHns OCHOBHBIX MOHATUH, TAKMX KaK 4aCTOTHAs XapaK-
TepUCTUKA, K03(hPUINEHT HEJIMHEHHBIX WCKAKEHWU W OTHOIIEHWEe CUTHAJ/TITyM.
[TockoabpKy GONBIIMHCTBO GAHAJIBHBIX M ITMPOKO U3BECTHBIX (PAKTOB U3 06IaCTH JJIEK-
TPOHUKHU 0E35KaN0CTHO OITYIIEHBI, JAHHAS KHUTA He MOXKeT ObITh PEKOMEHIOBAaHA JJIs
HAYAIbHOTO 3HAKOMCTBA ¢ IIpeaMeToM. UTOOB! He YCIOKHSTh U3JI0KEHNE MaTeMaTye-
CKUMU BBIKJIQJIKAMU, IPUBE/IEHBI TOJTBKO CAMbI€ BaXKHbIE COOTHOIIIEHUSI JIJIsT OCHOBHBIX
TmapaMeTpOB YCUIUTENEH, a IS CITOKHOTO pacdyeTa XapakKTePUCTHK PACCMATPIBAEMBbIX
CXeM HUCIOJb3YIOTCA CIeIUaIN3NPOBAaHHbIE KOMITBIOTEPHbBIE TTPOTPAMMBL.
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Tem He MeHee, aBTOp MOAPOOHO 00CYKAACT MEXaHU3M JEHCTBUS OTPHILATENbHOM
00paTHOU CBSA3H, IOJI0KEHHOU B OCHOBY PabOTy BbICOKOKAYECTBEHHBIX YCHJIUTEJEH,
TaK Kak /0 CHX 0D IIMPOKO PaclPOCTPAHEHD! PA3/IMUHbIE 320 1yKACHAS OTHOCUTEb-
HO TIPUHITUTIA PAGOTHI TIOAOOHBIX YCTPOUCTB.

1.3. Llenn n nctoyHukn

OcHOBHOM MaTepHaJl, IPUBEAEHHBIN B JAHHON KHUTe, ObLI TIEPBOHAYAIBHO OIyOJINKO-
BaH B Computer World («Mup 2JIeKTPOHUKU») B BUJE CEPUU U3 BOCBMU CTATE O]
obuM HassanueM Distortion In Power Amplifiers («VIckaxeHus B yCUIUTESAX MOILI-
HOoCTH» ). CTaThyt OBLIN MOCBSIIEHBI TJIABHBIM 06Pa3oM 00CYKIEHI0 HanboJiee BasKHOTO
rapameTpa 3BYKOBBIX yCUJIUTENeH — koagpuuyuenmy neaunetinoix uckaxcenui (KHIN).
3HaueHue 3TOTO napaMerpa y paznndabix Y M3Y npu MakcuMaibHOM BBIXOAHOW MOITIT-
HOCTH MOKeT BapbupoBatbcst oT 2% 10 0,0005%, to ectb pasuuia cocrasisier 4000:1,
1 9TO IIPU TOM, YTO U Te, U JAPYThe YCUIUTESN MOTYT CYUTATBCS A0CTaTOYHO KaueCTBEH-
HbIMH. VI3 3TOTO HEJb3s JlesiaTh BBIBOJI, UTO 3HAYEHME JIAHHOTO TTapaMeTpa He TakK YK
BakHO. Eciin BB HAGJIOAIN PA3BUTHE PHIHKA ayIHOYCUIUTENEH 3a MOCJAEHIE B/
LaTh JieT, TO HaBepHsKa 3amerwid, yro YM3Y ¢ 6onee Huskum sHauenvem KHU
HMEIOT GOJIBIIYIO CTOUMOCTB. Jlaee MbI TIOAPOGHO 0BCYIMM STOT BOIIPOC.

Ha my6aukanuio mepBoHAYaIbHON CEPUN CTAaTel aBTOpa BIOXHOBWJIA /e CO3/a-
HUS YCUJIUTEIS, UMEIOIIETO TAKYIO XKe TUHEHHOCTh XapaKTePUCTUKH, YTO U YCUTTUTEN
kaacca A, HO 6e3 O6BIYHBIX B 3TOM cirydae mpobiem ¢ HuskuM KIT/[ u otBosoMm Teria.
Ommako B mpotiecce paGOTHI BBISICHUIIOCH, UTO BBICOKAST THHEIHOCTD BBIXOHOTO KacKa-
Jla IPAKTUYECKHU TIOJTHOCTBIO 3aTMeBaeTcsl Ha JoHe MCKAKEHUH, BHOCUMBIX MaJIOCUT-
HaJIbHBIMU KacKaJlaMU TIPeIBAPUTENBHOTO yeuyieHus. [1oaToMy nocThuKeHe BBICOKUX
XapaKTEPUCTUK BCETO YCTPONCTBA HEBO3MOKHO 6e3 CHUKEHUS MCKaKeHUN B TpesiBa-
PUTEJIbHBIX YCUJIMTEJNbHBIX KacKazax. Iloaromy MajoMolHble ycuiauTesan kKjaacca A
C BBICOKO# JIMHEHHOCTHIO OBLIA PACCMOTPEHBI OT/IEJIBHO, YTOOBI BBISIBUTD PA3JIMIHbIE
WCTOYHUKM MCKakeHUH curHana. CienyeT 3aMeTHUTDb, YTO 3TO OKa3aJoCh HEMPOCTON
3azaueii. Bo3MOXKHO, caMbIM TJIaBHBIM 2JIEMEHTOM HOBHM3HBI PAaCCMaTPUBAEMOTO
B KHUTE MOXO/Ia K ONUCHIBAEMON MpobJsieMe 3aKJI0YaeTCst B TOM, YTO BCE UCTOYHUKH
HCKaskeHUH (a He OJMH-ABa OCHOBHBIX, KaK OOBIYHO) YUUTHIBAIOTCS COBMECTHO, UTO
JaeT B Pe3yJbTaTe BO3MOXKHOCTb TPOEKTUPOBaTh YM3UY ¢ 4pe3BBIYAIHO HU3KUM
K03(DUIMEHTOM MCKaKEHUH, UCTIONb3YsT HECKOIBKO OOMIUX KOHTYPOB OTPHUIIATENb-
HOU 06paTHOI CBSI3U.

Boiblias 4acTh KHUIH HOCBAIIEHA PACCMOTPEHIIO TPOGIEM, CBSIBAHHBIX ¢ HCKaXKe-
HUSIMHU B YCHJIUTEJIBHBIX KacKagax. Bo-1epBbIX, 3T0 00bACHSIETCS TEM, YTO 3HAUCHUE
K03 uUIMeHTa HeTUHENHBIX NCKAKEH I U3MEHSETCS B HanboJiee MUPOKUX MpeJiesiax,
110 CPAaBHEHUIO CO BCEMU JIPYTMMHU IIapaMeTpaMi yCUJIUTEIbHBIX KacKka/[0B. Bo-BTOPBIX,
BOIPOC 06 MCTOYHMKAX MCKAKEHUH B YCHIUTENSIX 10 HETABHETO BPEMEHU SIBIISLICS
CBOEro pozia OesbIM IATHOM Ha KapTe paspaborunka YM3Y. Beuio scHo, 4To cymie-
CTBYIOT HECKOJIBKO Pa3JIMYHBIX MCTOYHWUKOB MCKAKEHWH, MEHCTBYONIMX COBMECTHO.
ITa KHUra MOMOKET BaM OT/AEIUTh HTU UCTOUHUKH APYT APYTa, YTOOBI TI0 BO3MOKHO-
CTH MUHUMH3HUPOBATh BKJIAJ KasKAOTO U3 HUX U JOOUThCST HauboJiee BRICOKMX XapaKTe-
PUCTHUK TPOEKTUPYEMOTO YCUITUTEIS.
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Criemyer 3aMeTHTD, YTO Ha MPOTSIKEHUU BCEH KHUTH MBI Gy/IeM CUUTATh, YTO MCKa-
JKeHHUe YCUJINBAEMOT0 CUTHAJIA — 3TO MJI0X0E SIBJIEHUE U UTO OHO JIOJKHO OBITH 10 BO3-
MOKHOCTH MUHUMHU3UPOBAHO. VIHOTIA BBIIBUTAIOTCS aJIbTEPHATUBHBIE UIEU 110 TIOBO-
Iy TOTO, YTO HEKOTOPBIE BU/BI MCKAKEHUN BOCIPUHUMAIOTCS YXOM YeJIOBEKa Kak
BIOJIHE GJIATO3BYYHBIE U [TOATOMY MOTYT OBITh OCTABJIECHBI WJIM AK€ YBEJUUYEHBI TIPH
npoekTupoBanny Y M3Y, HO aBTOp HUKOI/IA HE Pasiesisil HOA0OHbIX Bo33penuii. I10a-
TOMY MBI Oy/IeEM CTPEMUTBCS K TOMY, 4TOOBI CIEIATh ayINOTPAKT B MAKCUMAJIbHOU CTe-
MEHN TIPO3PAYHBIM [IJTsI YCUJIUBAEMOTO CUTHAA. A €Cii KOMY-TO 3aX0YeTCs BHECTU
B CUTHAJ KaKne-Tu00 MCKaKeHUsI, TO JIYUIITHil CII0c00 peain3aliii 3TOr0 — UCIOJIb30-
BaHUe JOMOJHUTENFHOTO UCTOUHWMKA. Bo-mepBbIX, Takoit moaxon 6osee s¢hexTuBeH,
YeM TeHepallys NCKAKEHUH HY;KHOTO THTIA B CAMOM YCUJIUTEJE, & BO-BTOPBIX, OH UMEET
BXKHOE TIPEUMYIIECTBO MePel BCEMU OCTAIBHBIMU METOAMMU, TaK KaK OMOJHUTEb-
HBIH HCTOUHWK UCKAKEHWH TTPU JKEJTAHUN MOKET OBITH BBIKJIIOYEH.

ABTOp HajieeTcs1, YTO TIPE/CTaBIECHHAsT B KHUTE WH(pOPMAIust OyIeT ToIe3Ha BCEM,
KTO HHTEPECYeTCst TPOEKTUPOBAHUEM ayIMOyCUInTe e, BeankobpuTanus uMeeT 1aB-
HIOIO TPAIUITUIO MAJICHHKUX W OYeHb MAJE€HbKUX (DUPM, 3aHUMAIONIUXCS MPOU3BOJI-
CTBOM ayMO0AIAPATyPbl, YbU TEXHIUYECKUE U IPOU3BOJICTBEHHbBIE MOIITHOCTU HE CJIUIII-
KOM-TO OTJIUYAIOTCST OT BO3MOJKHOCTEH OMBITHOTO paauoniobutess. [loaTtoMy KHuTa
paccumTaHa U Ha JiroOuTeseil, 1 Ha TpodeccuoHaNoB.

ABTOp CTpeMUJICS KaK K TEXHIMYECKOMY COBEDIIEHCTBOBAHUIO PACCMATPHBAEMBIX
YCTPOMCTB, TaK U K UX 9KOHOMHUYECKOH a(h(PeKTUBHOCTH, TO €CTh K JOCTIKEHUIO JIyd-
IIMX XaPaKTEPUCTUK MTPU MUHUMAJIBHON CTOUMOCTY U3/IEJIHS.

BeposiTHO, unTaTE IO U3BECTEH TOT (PaKT, UTO JIUTEPATYPa TIO ATEKTPOHUKE COZIEP-
JKUT MHOKECTBO OIMCAHWIT CAMBIX PA3JUYHBIX YCTPOUCTB, PaGOTOCIIOCOOHOCTH KOTO-
PBIX KQKETCsI BIIOJTHE BEPOSITHOM, HO KOTOPBIE HUKOT/A He MTPOBEPSIIIICH HA TPAKTHKe
U 3aYaCTyI0 OKa3bIBAIOTCS HEPAOOTOCTTOCOOHBIMU. T103TOMY aBTOP 110 BO3MOKHOCTH
CTPEMUJICS IIPUBOAUTh B KHUTE TOJBKO T€ CBEJEHUSI U CXEMbI YCTPOMCTB, KOTOPbIE
GBI UM COOCTBEHHOPYUYHO MTPOBEPEHBL. DTUM 00BSICHSIETCS] HETIPOITOPIIMOHATBHOCTh
[IPe/ICTABJIEHHOTO B KHIUTE MATEPHAJIA, HAITPUMED, KACKA/Ibl HA ITOJIEBBIX TPAH3UCTOPAX
PaccMOTPEHBI MeHee TTOAPOOHO, YeM Ha OGUTOISIPHBIX. /leJ10 B TOM, YTO TIOJIEBbIe TPaH-
3MCTOPBI, KaK IMPABUJIO, OKa3bIBAIOTCS U 0oJiee JOPOTUMH, U MeHee JITHEHHBIMI,
Kpowme Toro, aBTop nmeer onbiT B ipoekTupoBannu ¥ M3Y ¢ BbIXOHOI MOITHOCTHIO
He 6osiee 300 BT, Tak Y4TO CBEPXBBHICOKOMOIIIHbIE YCUIUTEH AJIST TPOMKOTOBOPSIIIX
CUCTEM OTIOBEIEeH s TAK)Ke He TIPeICTABIEHbI B KHUTE. ABTOD HAJleeTCsT, 4TO 9TU OTpa-
HUYEHM OIPaBIaHbl, TAaK KaK MOMOTYT U3beKaTh MyOJIMKAIUN HEMTPOBEPEHHBIX CBe-
NEHMIA.

1.4. UccnepoBaHns B obnactu npoektupoBaHus YM3Y4

VcTopust pasBUTHS TBEPAOTENbHBIX YCUIUTENEH HacuuThIBaeT yxke 6osee 40 jet, HO
ObLI0 ObI OIIMOKON CYUTATh, YTO BCE BOIIPOCHI MX aHAJIM3a U IPOEKTHPOBAHUS JOCTA-
TOYHO M3y4YeHbl. B KHHre TPUBOAUTCS Psiji PE3YJBTATOB, KOTOPbIE MMEIOT 3JEMEHT
HOBU3HBI

e HEOOXOANMOCTD TOYHOTO TTOAGOPA BXOIHOTO MMIIENAHCA YCUIUTENST TSI TIPEIOT-
BpallleHusI reHepaliii BTOPOil TapMOHUKU CUTHAIA;
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o TOBBIIIIEHNE JIMHEWHOCTH U CHIKEHNE KOJIJIEKTOPHOTO UMIIe/IaHCca B KacKaJle yCH-
JIEHMS HAIIPSIKEHUS 32 CUET UCIIOJIb30BaHUs CylepOeTa-TpaH3uCTOPa;

e 00BACHEHMS TOTO, HOYEMY OUIIOJIAPHBINA TPAH3UCTOP UMEET GOJIbIII Koadbunm-
€HT HEJMHEHHBIX MCKa)KeHWl mpu paboTe Ha HATPY3Ky comporusjeHueM 4 Owm,
YyeM IpU BOCbMUOMHO HaTPY3Ke;

e BbIgBJIeHUE TOrO (haKTa, YTO B OOBIYHOM BBIXO/IHOM KacKaze Ha OUIIOISPHBIX TPAH-
3UCTOPAX BeJIMYMHA TIOCTOSTHHOTO TOKA HE OKa3bIBAET PEIIAIONIero BJAUSHUS Ha
KauecTBO YCHUJIEHUs, YTO JEHCTBUTEIHHO BAXKHO — TAK ITO HAIPSLKEHUE MEKIY
AMUTTEPAMU TPAH3UCTOPOB;

¢ JI0Ka3aTeNbCTBO TOTO, YTO MOJIEBbIE TPAH3UCTOPHI B Y M3Y, B TeueHe MHOTHX JIET
peKJIaMUpyeMble KaK MMeoIIHe JyqlTyio JUHEHHOCTh YCUJIEHUS, HA CAMOM JieJie
00J1a1a10T 110 CPAaBHEHUIO ¢ OUITOJISPHBIMU TPAH3UCTOPAMU XYALIEN JTMHEHHOCTHIO
XapaKTEPUCTHK;

e B OosbmuHCcTBe Y M3Y rIaBHBIM MCTOYHUKOM MCKAXCHUN ABJIAIOTCA HE CaMU
YCUJINTE/IbHbIE KACKAbI, 2 HABOAKM 10 MIMHAM [IUTAHUSA U HeCTaOUIBbHOCTh UCTOY-
HUKa ITNTaHWA,

e HECMOTPS Ha MHOTIOYMC/IEHHBbIE IIyOJUKAIMK OCLUJIOIPAaMM, H300paKarolinx
MOCJIEIOBATENBHOCTD MPSIMOYTOJbHBIX UMITYJIbCOB, UCKAKEHHBIX TIOMEXaMU, 3a5TB-
JIEHHBIX KaK JeMOHCTPALUs IEPEXOJHON XapaKTEePUCTHKH 1P paboTe yCUIUTe s
Ha eMKOCTHYIO Harpy3Ky, Ha caMOM jieJie TIOA00HbIe JuarpaMMbl I€MOHCTPUPYIOT
VNCKaK€HUs, BbI3BaHHBIC BbIXOI[HOfI I/IH[[yKTI/IBHOCTbIO 1N UMIIeITaHCOM HaI‘pySKI/I,
U MaJIO YTO TOBOPST O CTAGUIBHOCTH YCHUIEHNUSL.

ITpuBeIeHHBII CIIMCOK MOKET OBITh IIPOLOJIZKEH.

Kaxk u yiobast apyras, JaHHast KHUATA HE MOKET SIBJISIThCSI TIOCIEHAM CJIOBOM B 00JIACTH IIPO-
extrpoBairs Y M3Y, oHa JIMILb OTPasKaeT COCTOSIHKE IIPOOJIEM, CJIOKUBIIIXCS B 5TON 001acTI
K MOMEHTY ee Harmcanwst. Pagymeercs, Takke HeJb3sl YTBEPKIATH, UTO 371€Ch BCECTOPOHHE Pac-
CMOTPEHBI BCe BOBMOKHBIE THTIBI YCHJTATEJIEN MOITHOCTH 1 HAITJIA CBOE OTPAKEHNE BCE MBICIH-
MBbI€ aCIIeKThI MX IIPOEKTUPOBaHHsL. ITpr 0OCysKIeHN MHOTMX 3aTPOHY THIX 3/1€Ch BOIIPOCOB aBTOP
JIOBILT ce0st Ha sKeJTaHnK Harcath: «ITorpebyeTcst oT/iesibHas KHUTa JUIs TIOAPOOGHOTO PacCMOTpe-
Hust...». Ha iyt mesxry Crmioii-TTogapobHoctr 1 XapuOioii-PasHOCTOPOHHOCTH aBTOP 3ada-
CTYIO ObLT BBIHYSK/IEH OTCHLIATH YMTATES 3a JAAIbHEMIIMI CBEICHUAMY K Pas/IMIHOrO pojia
CITPABOYHUKAM.

boiTyeT MHeHME, YTO MPOEKTUPOBAHNE AUCKPETHBIX YCUIUTENe — B 3HAUUTETbHON
CTerneon 663bIHI/II_[I/IaTI/IBHO€ 3aHATHE 110 CPaBHEHUIO C ITIPOEKTUPOBAHUEM aHAJIOTOBBIX
MHTETPa/JIbHBIX CXEM. CTpeMI/ITeJIbHOE Pa3BUTHE TEXHOJIOTUHN OIIE€PAIIMOHHDBIX YCUJIUTE-
Jieit Morjio Obl CIYsKUTh HArJsAHBIM IOATBEPIKIEHHEM AaHHOro tesuca. Ho aBrop
MOTPATHJI 3HAYUTENIFHOE BPEMST Ha U3yUYeHHe TIOCJETHUX JOCTHKEHUH B 00IaCTH TIPO-
eKTUPOBAHUS OTIEPAIMOHHBIX YCUJIUTEIEH U JOJKEH € COKaJeHHEeM KOHCTATUPOBATh,
YTO 3Ta 00JIACTH MIPEAOCTABJSET HE TaK YK MHOTO BO3MOKHOCTEH /IS (DaHTa3uu pas-
paboTurKa, IBITAIOIEr0Cs CO31aTh HOBbIE METOAMUKY IIPOEKTUPOBAHUS ayANOYCHINTE-
JIeit; TOMY eCTh HECKOJIBKO MIPUYKH, U YTOObI COKOHOMUTH Ballle BPEMsI, aBTOP [IePey-
CJIUT HEKOTOPBIE U3 HUX:

e (OJIBNIMHCTBO HAKOIIJIEHHOTO B 9TOH 00J1acTh nCCaea0BaTe/IbCKOTrO MaTepraa OTHO-
CUTCA K IIOJIEBBIM TPaH3UCTOPaM, HCIIOJIb3YEMbIM B OII€PAIIMOHHBIX YCUJIUTEJIAX,
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nsrorosieHHbx 10 KMOII texnosornu, KOTopble 110 CBOUM I1apaMeTpaM 3aMeTHO
OTJIMYAIOTCST OT OUIOJISIPHBIX TPAaH3UCTOPOB (HANPUMEP, HU3KOW KPYTH3HON
XapaKTEePUCTUKN );

e TOJBKO B PAHHUX PabOTax MO 9TON TEMATHKE PACCMATPUBAIOCH MCTIOIH30BAHTE
GUIIONAPHBIX TPAH3UCTOPOB, TAK KaK UMEJHUCh CePbe3HbIe 3aTPYAHEHUS TIPH CO3-
JlaHMY KOMILJIEMEHTapHbIX KaCKa/l0B: P-N-P TPAH3UCTOPbI B HUHTETPAIbHOM HCIIOJI-
HEHUU UMeJTM HU3Koe 3HaueHue Koa(hUInenTa ycuiaeHnus 1 mIoXyo 4YacTOTHYIO
XapaKTePUCTUKY;

e 6OJIBINTOE KOMUYECTBO YCUIUN TIPH CO3[AHNY OTIEPAITMOHHBIX YCUIUTENEH cocpe-
JIOTQYMBAJIOCH HA JOCTVKEHWU HAWJIYYIINX XapaKTEPUCTHK BXOIHOTO KACKaja,
410 GBLIO OBl HENPABUJIBHBIM IIPU MpoekTrpoBannn Y M3Y;

e MHOTHE METOIUKH ITPOEKTUPOBAHNS ONEPAIIMOHHBIX YCUIUTENEH CYIeCTBEHHBIM
06pa3oM MCTIOJB3YIOT BHICOKYIO MIEHTHYHOCTD TTAPAMETPOB TPAH3UCTOPOB, BHITIOJ-
HEHHBIX TI0 WHTETPATbHON TEXHOJOTUU HA OHOM KPHCTAJLIE TIOJYIPOBOTHIKA;
KPOMe TOTO, B GOJIBIIUHCTBE CJAYYAEB CTPEMSATCA MUHUMU3ZUPOBATH 3aHUMAEMYIO
TPAH3UCTOPAMU TLIOMIAAb, YTOOBI CHU3UTh CTOMMOCTh MHKDPOCXEMBI, UYTO TaKKe
He MOKeT ObITh IEPEHECEHO B 061aCTh poeKTupoBanus Y M3,

e MHOTME MeTO/bI IIPOEKTHPOBAHN OIIEPAIIMOHHBIX YCUJIUTE e CO3/[aBaIICh TOIb-
KO JIUIST TOTO, YTOOBI OGOUTH TPYIHOCTH, KOTOPbIe UMEIOTCS (MJIU UMEJUCDH) TIPU
CO3/IaHUU PE3UCTOPOB U KOH/IEHCATOPOB B MHTETPAJILHOM HUCIIOJIHEHUH.

OmnucaHHBII B KHUTE MaTepra 0asupyercs TJaBHbBIM 00pa3oM Ha METO/aX MPOEK-
TUPOBAHUS YCUJUTENEH B JUCKPETHOM HCIIOJHEHUM. Pasymeercs, yxe CyliecTByeT
6OJIBIIIOE KOJMYECTBO WHTETPANBHBIX U THOPUAHBIX YM3Y, HO UX XapaKTePUCTUKH
U CXEMBI BKJIOUEHUST CTPOTO (DUKCUPOBAHBI, U PAa3pabOTUMKy HUUYETO HE OCTAETCSI, KAK
IIPOCTO CJIeZI0BATh MHCTPYKIMK 110 UX IPUMEHEHUIO. 3a HOoCeHuE 1ecaTh JeT Kaye-
CTBO W HAJIE)KHOCTh MHTETPAIbHBIX Y M3Y 3aMeTHO yJIydIuioch, HO OHHM BCe ellle
UMEIOT JIOCTATOYHO BBICOKMH KO3(h@UIIMEHT HEJIMHEHHBIX MCKAKEHWH U BBICOKYIO
MoTpebJISIEMYI0 MOIIHOCTD, T09TOMY IPEUMYIIECTBO HCHOJIb30BaHUS AUCKPETHON
HJIEMEHTHOM Ga3bl, HO-BUIMMOMY, COXPAHUTCS €1l HA0JITo.

UcxkyccrBo npoektupoBanuss Y M3 MHOTHM TpeACTaBISETCS KaK HEUTO CXOXKee
€ YepHOI Maruei, To eCTh CaM MPOIECC CYMTAETCS HEBEPOSITHO CJIOKHBIM, a PE3YJIbTaT —
HelpecKa3yeMbIM. ABTOP HaJIeeTCs, YTO aTa KHUTA IIPUOTKPOET 3aBecy TalfHbl U 1I0Ka-
JKET, UTO BIIOJTHE BO3MOKHO JIOOUTHCS MPEACKA3yeMbIX PE3YJIbTATOB MPU BBIOJTHEHUN
MOCJIeIOBATEHHOCTH YeTKO OMMCAHHBIX IAr0B MpoeKTupoBanusd. OnrucaHHbIil B KHUTE
ANTOPUTM TTPOEKTUPOBAHUST MO3BOJISIET MYTEM WCTOJIBb30BAHUST HEOOIBINOTO KOJIIMYe-
CTBa KOHTYPOB OTPHUIIATEJbHON 0OpaTHON CBA3K JOOUTHCS YPE3BbIUAHO HU3KOIO 3HA-
yeHUsT KoapuireHTa HeanHeHHbIX nckakennii (1o 0,001% na yacrore 1 xI'm).

1.5. PacnpocTpaHeHHble 3abnyXxaeHus

AyanorexHuKa, Kak Hi OHa JApyTras 00J1acTbh, IECTPUT OTPOMHBIM KOJIMYECTBOM OIIIM-
GOUHBIX CYKIAEHMIL. 3a TOCIeIHNE IBAAIATh JIeT MOJOKEHIe A6l ele Oojee yXy -
JIOCh T10J] BJMSIHUEM II€JIOTO Psjla TedeHuil, 00beMHEHHBIX 110 OOIIUM Ha3BaHUEM
«CyObeKTUBU3M>. MHOTHE CaMOyBePEeHHbIE HKCIEPThl CYUTAIOT BO3MOKHBIM
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YTBEPIKAATh, YTO OHU CIIOCOOHBI PA3JIUUUTh TaKKe HIOAHCHI 3ByYaHMUsI, KOTOPbIE HEJIb-
351 BbIPA3UTh B TEPMUHAX DJIEKTPUYECKUX U3MEPEHMUIA.

Marepua faHHOM KHUIHM OIIMPAETCs TOJbKO HA Te IOHSATHUSA, KOTOPbIE MOTYT ObITh
MU3MEPEHBI, YIOBIETBOPSIOT OOBIUHOMY JIJIsT HAYYHBIX UCCIEA0BAHUE TPEOOBAHUIO MOB-
TOPSIEMOCTH U JIMIIEHBI JI000ro HameTa cybbekTuBusMa. Ha camoMm zesie 510 He Takoe
YK U GOJIbIIOE OIPAHUYEHHE, KAK MOJKET TI0Ka3aThCsl Ha HEPBBIH B3MVIS, U O3BOJIUT
HaM Ppas3paboTaTh METONUKY IIPOEKTHPOBAHUS BBICOKOKAYECTBEHHBIX YCUJIUTEJEN.
B KoHIIe KOHI[0B, HIYTO He MelllaeT IPUBEPIKEHILY CyOheKTHBU3MA II0C/Ie IIPUMEHEHUS
Halleil CTPOTON M PaITMOHAJBHOU METOAWKU <«II030JI0TUTh JUJIUNY», WCIOJIb30BaB
CYIIEPMOJIHBIN PE3UCTOP WK KaKOM-HUOY b JOPOTOM KOHAEHCATOP ¥ COSMHIB BCE 3TO
BMeCTe IIPOBOJOM, IIeHa KOTOPOIO 3a METP IIPEBLIIAET CTOMMOCTb BCEIO OCTAJIbHOTO
YCTPOICTBA — TaKKe PEeBEPAHCHI B CTOPOHY CYObeKTUBU3MA BPSI/ JIU YK€ CMOIYT YXY/I-
IIUTh KAUECTBO CIIPOEKTHPOBAHHOTO yeuauTesst. OHAKO He BCe YTBEPsKAeHUsI CyObeK-
TUBUCTOB CTOJIb K€ 0e300UHbI, BCTPEYAOTCA M 0e3yCJIOBHO BPEJHbIE TMIIOTE3bI,
HAIIPUMED, O TOM, YTO B YCUJIUTEJISAX HE CJeAYeT UCII0Ib30BaTh OTPULATEIbHYIO 00Opar-
HYIO CBSI3b.

Takoe GOJBIIOE KOJUYECTBO 3a0MyKACHUI OOBICHIETCS, BEPOATHO, TEM, YTO
ayIMO2JIEKTPOHUKA OKA3bIBAETCSI 3HAUMTEJIHO O0JIee TEXHUUECKH CJIOXKHOM, YeM TO
[IPeICTaBJISETCs IIPU IIEPBOM 3HAKOMCTBE ¢ IpeaMeToM. JJ0BOJIbHO MPOCTO, COEIUHUB
BMeCTe Hy KHbIe PaJU03JIEMEHTHI, II0JIyYUTh PAGOTAIONIMIA YCHINTEb, K 9T IIPOCTOTA
CO3/IaeT WJLIIO3UI0 TOTO, YTO MBI OCTATOYHO IJIyOOKO TOHWMAaeM MPUHIMAIT PabOThI
CO3/IaHHOTO HaMM ycTpoiictBa. HampoTuB, Majio KTO PENIMTCS IPOIaraHiMpoBaTh
TAKOH JKe MOAX0J K MPOEKTUPOBAHUIO, HAIIPUMEP, KPbLIa CaMOJIeTa WJIM JBUraTeIsl
paKeThl: BO3MOXKHOCTEN JIsi COBEpLIEHUs OLIMOKM 3[eChb HaMHOTO OoJiblile, a IieHa
OIINOKY — BBIIIE.

ABTOp IIOTPaTUT HEKOTOPOE BPEMSI U MECTO B 9TOI KHUI'e Ha PACCMOTPEHUE HEKOTO-
PhIX Uzeil cyObeKTUBU3MA, HO TOJIBKO JJIsI TOrO, YTOOBI yOeIUTh YNTATENS B TOM, YTO
9TH WJIEN He MOTYT OKa3aTh HU MaJICHIIei TOMOIIN TeM, KTO HAZIEeTCsI CITPOEKTUPOBATh
KadecTBeHHbI Y M3Y. 3amMeTuMm, 4TO 3/1eCh PEYb UJIET TOJHKO O CTA/IUU TTPOEKTUPOBA-
HUsL, peKJiaMa — 9T0, KOHEYHO, ysKe IPYTOi BOIIPOC.

1.5.1. Hayka u cybbekTBM3M

Bpsin iu ere xkakasi-HUOYb OTPAC/b COBPEMEHHOM HAYKHM M TEXHUKHU CTOJIb JK€ SIBHO
pasfessieTcst Ha IBa MPOTUBOGOPCTBYIONIUX JIATEPST C TOYKY 3PEHUST TPUBEPKEHHOCTH
PAUOHAIU3MY WK CYOBEKTUBU3MY, KaK 9TO CIYUUIOCH € ayTuoTeXHUKONH. CyOneK-
TUBU3M BCe elie 06Ja/1aeT 3aMEeTHBIM BIUSHUEM B 00JIACTH TIPOU3BO/ICTBA BHICOKOKA-
YeCTBEHHOU ayIMoaMapaTyphl, HO €r0 3HAYMMOCTD B cpelie TPoheCcCUOHATHHBIX 3BY-
KOTEXHUKOB MaJia, TaK KakK OJU3Koe 3HAKOMCTBO C <«XKHBBIM» 3BYKOM, a TaKKe
HEOOXOIMMOCTh 3apabaThiBaTh cebe Ha JKI3Hb, UCIIONb3YsS HalEKHOE U BBICOKOKaUe-
CTBEHHOE OOOPYI0BaHKE, CO3/IAeT 3arpajUTeNbHbIA OGapbep Ha yTH GOJBHIMHCTBA
UPPAIMOHANBHBIX BAMSHUN. (3aMeThTe, YTO AHTOHUMOM K TIOHSITHIO «CYGHEKTHBUCT»
SIBJISIETCS HE <OOBEKTUBUCT», & «PAI[HOHATIICTS.)

BoapmmucTBO oTpacsieil cOBpeMeHHON TeXHOJIOTUM Pa3BUBAIOTCS B HallpaBlie-
HUU TIOBBIIIEHUST KaKUX-HUOYIb MOKazareaeil, KOTopble BCerjga MOKHO M3MEPHTB:
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MPOU3BOIUTENN ABTOMOOUIIEH KOHKYPUPYIOT IPYT C IPYTOM, TIBITASICh TTOBBICUTH MaK-
CUMAJIBHYIO0 CKOPOCTD MJIM CHU3UTD TTOTPeOIEHIE TOTINBA, U3TOTOBUTENU KOMITBIOTE-
POB YBEJIMYUBAIOT TAKTOBYIO YACTOTY MPOIECCOPOB... YIydllieHre J0O0T0 U3 3TUX
IIoKa3aTeslell KauecTBa BBIIYyCKaeMON IPOJAYKIMU OJHO3HAYHO paclleHUBaeTcsl Kak
mar Buepen. Hamporus, B obnactu Hi-Fi sBykoBocmpoussegenuss 0OJIbLUIMHCTBO
Jlojiell 3aTPyAHAIOTCSA B OIIpe/lesIeHUU HallpaBieHuU Pa3BUTHUSL.

Omu cyOBEKTHBHCT CKA3aJ MHE, UTO YeTOBEYECKOE YXO SIBJISIETCST HACTOIBKO CJIOK-
HBIM MHCTPYMEHTOM, YTO MPOIECC BOCIPUATHS 3ByKa HE MOJKET OBITh OJHO3HAYHO
COOTHECEH C TeMU 3JIeKTPUIECKMMU TapaMeTpaMu, KOTOPble MOTYT WU3MEPHUTDH HAIN
npubopsl. S Haziech, YTO ITO KpaitHsst To3uIusa. Moii onbIT IpohecCuOHANTBHOTO Pas-
paboTYMKa AyANOANIAPATYPBI 1 MO UCCTEIOBAHUS B 00JIACTH TICHXOAKYCTHKH 3aCTa-
BJISIIOT MEHSI C COMHEHUEM OTHOCHUTHCS K HIIESIM CyObEeKTUBUCTOB. XOTSI MOAOOHBIE BO3-
3peHud elle PaclpoCTpaHeHbl, HO OHHM BPS/] JM MOTYT CTaTb OCHOBOW Ha/leKHOMN
METO/IUK!Y ITPOEKTUPOBAHUS AyANO0AIIIAPATyPHI.

1.5.2. KoHuenuus cyobeKTMBM3Ma

HPI/IBe,ZIEM KpaTKOe€ TepeuncaIeHne OCHOBHBIX TE3NCOB Cy@beKTI/IBI/ISMal

e OObeKTHBHbIE M3MEPEHUS [TOKa3aTesIeil KauecTBa BOCIIPOM3BEIEHIs 3ByKa C TI0-
MOIIBIO ayAroalapaTypbl cJab0 KOPPEJUPYIOT ¢ CYOBEKTUBHBIMU BII€UaT/ICHUS-
MU CJIyHIaTeJIefI 1 TI03TOMY MOTYT HE€ IIPUHUMATHCA BO BHUMaHUE, €CJUM OHU HE
COOTBETCTBYIOT ITOCJIETHUM.

o YcunutensiM cBoiicTBeHeH (M (eKT perpajaiuu 3BYyKa, KOTOPbII He M3BeCTeH
OPTOZOKCANTbHON TEXHMYECKON HayKe ¥ HE MOKET OBITh M3MEPEH € IOMOIIBIO
BIIEKTPUYECKIUX ITPUOOPOB.

e OObsicHEHUST IPUYMH YXYIIEHIS Ka4eCTBA 3ByYaHsl MOTYT OIUPAThCS Ha BECh-
Ma MMUPOKKE TIPETIOIOKEHUS O TAMHCTBEHHBIX /le(heKTaX B KOHAEHCATOPaX WJIH
COEIMHUTEJIbHBIX TIPOBO/IaX, HE ITOATBEPKIACHHDIE KaKI/IMI/I-JII/I6O O6'beKTI/IBHbIMI/I
CBU/IETEJILCTBAMH.

51 HaJIeI0Ch, YTO JOCTATOYHO TOYHO MEPeIa 3/1eCh OCHOBHBIE UjleH CyObeKTUBU3MA.
3aMeTnM, 9TO HeCMOTPST Ha O)KeCTOYeHHBIe Me6aThl, JIOMM MPOAOLKAIOT MOKYIIATh
o6brunbie Hi-Fi cucreMbl BoCIPOM3BeeHUS 3BYKa, K TOMY K€ KaKeTCsl BeCbMa MaJlo-
BEPOSTHBIM, YTOOBI TPOMBITIIIEHHOCTD M30pasia Ui OTpeieIeHNsT HATTPABIEHUST CBOE-
TO Pa3BUTHUS CTOJIb TAMHCTBEHHBIE U JJaJIeK1e OT HAYKW KOHIIEIIIIHL.

ITo anasoruu ¢ 9TUM YMECTHO BCIIOMHUTH TOHEHMS HA TEHETUKY U JIBICEHKOBIIUHY
[1] B CCCP, a Takke ncciemoBanust B 00JaCTH MAPATICUXOIOTHH, KOTOPBIE BOT yIKe Ha
nporspkennu 100 €T Tak U He CMOIJIM IIPUBECTH K IIOJYYeHNI0 OOBEKTUBHO HAO 012~
eMBIX U TOBTOPSIEMBIX Pe3yabTaToB [2]. Bo3aMokHO, YuTaTes b BO3PA3wT, YTO TIapar-
CHXOJIOTHST — He CJUITKOM MOAXOISIIAST AHATIOTHS, TAaK KaK GOJBITHHCTBO HOPMATBHO
MBICJIIINX JIIOEH COTIACUTCS C TEM, YTO B HEWl HAYUCTO OTCYTCTBYET CaM IIpeIMET
HCCIIEIOBAHUS, B TO BPEMsI KaK BPSII JIM KTO-THO0 OCMEUTCS 3asIBUTh, YTO KOPPEJIs-
ST MEXY OOBEKTUBHO U3MEPSIeMbIMHU MAPAMETPaMU ayIMOyCTPONCTB U KA4eCTBOM
3BYYaHUS MOJHOCTHIO OTCYTCTBYET — JAOCTATOYHO TIPHJIOKUTH TeNeGOHHYIO TPYOKY
K YXY, 4TOOBI HATJISITHO YOEMIUTHCS B TOM, YTO ITUPUHA MOJOCHI MPOIycKanust B 4 KI1g
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1 K03 DUIMEHT HeTMHEHHBIX NCKaKeHUH, paBHBIH 10%, 00eCTeuynBaioT HEIOCTATOUHO
XOpolee Ka4ecTBO 3ByKa.

ITpusenem Gosiee yOeaUTENBHBIN IPUMED — TEMEPD YKE TTOYTH 3a0BITYIO UCTOPHIO
«oTKpbITUsT> N-yueit. B 1903 roxy dpanmysckuit dusnk Pene Baonmmo (Rene
Blondlot) 3asBut, 4to OH OOHAPYSKUJI HOBBIN TUII U3JIyY€HMs], HA3BaHHbII UM N-JTyda-
MU (3TO CIYYUJTIOCh BCKOPE ITOCJEe TOTO, Kak PeHTTeH OTKPBLI W3TydeHHe, KOTOpoe
B HacTosIee BpeMs HOcuT ero ums). [lo yrBep:xaeruio biouamo, HOBbIE JTy4Yn MPeJIo-
MUJISTECH C TIOMOII[BIO ATIOMUHUEBO# TIPU3MBI, HO OOHAPYKHUTH X MOKHO OBLITO TOJIBKO
C TIOMOIIIBIO CyObEKTUBHOI OIEHKH SPKOCTH CBEYEHUST 9JIEKTPUYECKOH yTH, Ha KOTO-
py1o OHM sIKOGBI OKa3bIBAIM KaKOE-TO TAMHCTBEHHOE Bo3jeilcTBre. Takum o6pasoM,
HUKaKoe 00bEKTHUBHOE M3MEPEHHE 9TUX JIydell He TPeICTABIsIOCh BOSMOKHBIM. TeM
He Meree, caM Bionaso u ne Menee 14 ero Kojuier yTBep:KIaiu, YTO U3MEHEHHE SIPKO-
CTH 3IEKTPUYECKOH IYTH BIIOHE HAOII0aeMO, 1 (hpaHIly3CKast AKajeMUsT HayK BBIITY-
cruna 6omee yem 100 craTeii o aT0it TEME.

K coxanennio, (ppaHiry3ckuii (pUsuK U ero KOJJIErd CTalu KePTBAMU U3BECTHOTO
B HAyKe SIBJIEHVSI, HOCSIIErO HA3BaHUe <«O)KUIAHUS IKCIIEPUMEHTATOpay. AMepUKaH-
ckuit yuenniii Pobept By (Robert Wood) HaruisiiHo npoieMOHCTpUpOBas cyObeKTHB-
HYIO TIPUPOJY ABJIEHUSI, KOT/Ia BO BPEMST IEMOHCTPAIINN HE3AMETHO yOpasI aTioMUuHIe-
BYIO MPHU3MY, HO TOPE-IKCIEPUMEHTATOPDI TIPOJOJIKATIN YTBEPKIATh, YTO BCE PABHO
HabI0aI0T 3(h(HEKT U3MEHEHUS IPKOCTH.

Ocraercst TIPU3HATH, YTO OYEHb MHOTHE JIIOAM CKJIOHHBI OOMAaHBIBATHCS B CBOUX
CyOBEKTUBHBIX OIEHKAX KAKOTO-JUOO0 SBJIECHUS, TOITOMY MOJAOOHOTO POJA CYIKIACHMS
HE MOTYT CJIy’KUTh OPUEHTUPOM IIPU BBIOOPE HAIIPaBJIEHHUS IIPOrpecca B HAyKe U Tex-
HUKe.

1.5.3. KpaTtkas uctopus cy6bekTMemsmMa

PaHuss uctopust CyObeKTHBU3Ma HAUMHAETCSI ¢ TOTO MOMEHTa, KOT/IA CIIYIIATEH BOC-
TOPKEHHO 3asIBUJIU, YTO TPAMMOGhOH BOCIIPOU3BOIUT 3BYK, HE OTIMYUMBI OT PeasbHO-
ro. lurepec k 3ByKOBOCIIPOU3BO/IAIIEH allllapaType BHOBb BCIIBIXHYJI B IIOCT€BOCHHBIN
MEPUO, KOr[a ObLIM TPUHSATHI HOBbIE TEXHUYECKUE CTaHmapThl, Hampumep DIN
45-500, XOTs1 BCKOpPE IOCJIe 3TOTO OHU HEOJHOKPATHO TO/[BEPTATIUCH OCTPON KPUTHUKE
3a CBOIO MBJIUNIHIOK JIOSTBHOCTE. B KoHIle 60-X romoB XX BeKka KCIEPThl TPUTLIN K
bostee-MeHee enHOAYIIHOMY MHeHuIo, uto Hi-Fi anmaparypa 3ByKoOBoCIPOM3BeIE€HNS
JOJKHA UMETh CyMMAapHBIi KOa(DOUIMEHT HeJMHENHbIX ucKaxeHuil He Gosee 0,1%,
JIOCTATOYHO TMUPOKYIO YacToTHYIO Xapaktepuctuky (ot 20 Iy no 20 k1) n kak MOKHO
6oJiee HU3KUI yPOBEHb IIyMa.

B Hauamo 70-X ro[10B K 9TOMY [06aBUINCH TPEOOBAHUSI O HATUYUH 3aIIUATHI OT [TepPe-
IPY30K, HO B JIIOOOM cirydae 0630pbl U MyGJUKAIUK TI0 TaHHOW TeMe alleJIIMPOBAIIH
K CTPOTUM TEXHUYECKMM TapaMeTpaM W B HUX OTCYTCTBOBAJO BCSKOE YIIOMWHAHWE
0 cyObEKTUBHOM Ka4eCTBE 3BYYaHMUSI.

ITepBoii jlacTOYKOW HOBOM WMcTOpMM CyOBEKTHBU3MA CTajla KOJIOHKa Subjective
Sounds («CybbexTusnble 38yku») IToas Meccenmkepa (Paul Messenger) B sKypHaJie
Hi-Fi News B centsa6pe 1976 roga (BIOCAEICTBUN 9TO U3[JAHUE CTAJIO IJIABHBIM PYIIO-
poM cyObekTHBHCTOB). TIporuTupyeM HeOOIbIIOW OTPHIBOK W3 3TOM MyOIUKAIUIL
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«Orienka KavyecTBa 3ByKa Beera Oyzer (MOUTH) TOTHOCTHIO CYOBEKTHBHA, YTO UMEET
KaK CBOM CUJIbHBIE, TaK U C1abble CTOPOHBI, TOCKOJIBKY MOJIyYeHIe Ja00PaTOPHBIX JaH-
HBIX TPeOyeT GOBIIIX 3aTPAT, ¥ XOTS Y€JI0BEYECKOE YXO CKIOHHO OMUGAThCs, HO B TO
JKe BpeMsl SIBJISIETCS YyBCTBUTENbHENUTIINM U3 OCTYIMHBIX HAM WHCTPYMEHTOB BOCTIPHU-
ATUS». 3AMETUM, UTO HU B OJIHON U3 PAHHUX TTyOJUKAINI CTOPOHHUKOB CYOhEeKTHBU3-
Ma He COepKAIOCh laske YIIOMUHAHUE O KadyecTBe PaboThl U MapaMeTpax cOOCTBEHHO
yeunureneil. Tonbko B mapte 1977 rozna Boinia ctaths /[skuna Xupara (Jean Hiraga),
B KOTOPOI#l TOJIBEPTIACH CYPOBOI KpUTHKE (GOJIbIIAst TIyOUHA OTPUIATETBHON 0Opar-
Hoii cBsi3u B YM3Y, umeromux Ko3OPUIMEHT HEJNHENHBIX UCKAKEHUI OKOJIO 2%.
B tom xe nomepe xypuana Iloms Meccenpkep 3asBWII, YTO JIAMIIOBBIN YCHJIUTEND
Pandopna (Radford) «3Byumr» Jiydiie, ueM TPaH3MCTOPHBIN, U K KOHILY TO/a IIIyMIXa
0 3TOMY BOITPOCY ysKe Oblia B camoM pasrape. B asrycre 1977 roga Xurapa BbICTYIINI
C BeCbMa CIIOPHBIM YTBEPKAECHUEM O STKOOBI CIBINIMMBIX YXOM YeJIOBEKa UCKAKEHUSX
B COEIMHUTEIbHBIX MPOBOJIAX, MOCJIE YETO YiKe MOKHO OBLIO HUYEMY HE YAUBJISITHCSL.

1.5.4. OrpaHNYeHHOCTb YenioBe4YeCKOro BOCNpUATUSA 3ByKa

Cy6BbeKTHBICTBI alleJINPYIOT K U3BECTHBIM CBOMCTBaM 4ejioBedeckoro ciyxa. Cyrie-
CTBYET OOJIBINOE KOJIMIECTBO MyOIMKALIUH MO MCUXO(MU3UOJOTUN CIIYXOBOTO BOCIIPHSI-
THS — TICUXO0AaKyCcTWKe. BKpaTile OCHOBHBIE HAKOILJIEHHbIE K HACTOSIIEMY BpEMEHU
(bakTer U3 aTOM 06IACTH (DOPMYTUPYIOTCS CIEAYIOIIUM 00PA3OM:

o MuHuUMa/IbHOE U3MEHEHNE aMILIUTY/[bl YUCTOrO TOHA, KOTOPOE ellle MOYKET BOC-
NPUHUMATh YXO 4eJioBeKa, coctasisgeT okosio 0,3 n1b; HoMuHaNbHOE 3HAUEHUE
atoro mapamerpa — ot 0,5 1o 1,0 ab. J[pyrumu coBamu, 4eJ0BEK OIIYIIAET, YTO
3BYK CTAaHOBUTCS YyTh TPOMYE WJIU UyTh THIIIE, KOTJAa U3MEHEHUEe YPOBHS 3BYKa
nocturaet npumepro 10% [4].

e MuHuUMa/IbHOE M3MeHEHUEe BhICOThI YUCTOTO TOHA (TO €CTh YaCTOThI 3BYKOBOTO
KoJiebaHus1), BOCIHPHHMMaeMoe 4deJoBeKoM, cocrasiser 0,2% B auamnasoHe
500 Tir — 2 k1. Mimenno k aToMy napameTpy — BbICOTE 3BYyKa — YEJIOBEYECKOE YXO
SBJIsIeTCs HanboJIee YyBCTBUTEIbHbIM.

o MUHUMAJIBHBIN CIBIIITUMBIN YPOBEHD NCKAKEHUH — 9TO CAMBII TPYAHBIN JJIs TOU-
HOT'O U3MEPEHUs MapaMeTp, TaK KaK ero 3HaueHue 3aBUCUT OT MHOTUX (PAKTOPOB.
[TpuHgaTO CunMTaTh, YTO HA CIYX BOCHPUHUMAIOTCS HEJWHEWHBIE WCKAXKEHNS,
npocrturatorve 1%, a 1711 mepeKpecTHBIX HCKAKEHNI CIIBIITMMBIN TTOPOT COCTABJIS-
et 0,3% nnu gaxe Huke. II09TOMy HUKTO He MOKET YTBEPKAATh, YTO CIIOCOOEH
BOCTIPUHUMATD YJIyYIllcHWe KayecTBa 3ByYaHUs MPW CHWKeHUH KoahduimenTa
HeJMHeHbIX uckaxkenunii yeumuress ¢ 0,005% xo 0,001% [6].

Kax ussectno, pesysbrarsl usmeperust KHU, BbIOTHEHHBIE € TIOMOIIIBIO OOBIYHOTO
aHaJIN3aTOPa, MOTYT HMMeTh JIMIIb OrpaHUYeHHOe IPUMEHEHHe JJIs Ipe/CKa3saHus
CyOBEKTHBHOTO Ka4eCTBA BOCIIPON3BeIeH s 3ByKa. OYEBUIHO, YTO TTPU BOCTIPOM3BEIE-
HUM MY3BIKH YPOBEHb MHTEPMOJYJIAIMOHHBIX TOMEX OoJiee BaxKeH, 4eM Koa(phUIneHT
rapMoHuk. OHaKo U3MepeHue MOoCAeAHero apaMerpa 1aeT OlLITHOMY HccileioBaTe-
JIT0 OOJIBIIOE KOJIMIECTBO MH(DOPMAIIUHT O CAMOU MIEPBOIPUYNHE HEJTMHEHHOCTH YCUITH-
Tessd. CyliecTBYIOT U JIpyrue MeTO/Ibl U3MEPEHUs YPOBHSA MCKaKEHUH, U XOTS OHU
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MeHee MH(MOPMATHUBHBI, HO YYUTBLIBAIOT CPady BeCh YAaCTOTHBINM /MAlla30H U XOPOIIO
KOPPEJIUPYIOT € CyOheKTUBHBIMU OTIEHKaMK KauecTBa 3Byuanusi. Harpumep, Tect Besue-
pa (Belcher) ma ypoBeHb MHTEPMOIYIAIIMOHHBIX UCKAKEHUH (€r0 TIPUHIIUIT WILTIOCTPHU-
pyercs Ha puc. 1.1) 3acaykuBaer GOJIBIIIETO BHUMAHMUSI, YeM TO, KAKUM OH TIOJIb3YETCsI

CnekTp curHana,
MoJsly4eHHOro

OT reHeparopa
ncesaoCy4aniHomn
nocneaoBaTenbHOCTH

0 F 2F 3F 4F 5F 6F 7F
C,ELBI/II' no 4acTtoTe
0
CI'IeKTpaJ'IbeIe nenecTku -
pesynbTart MHTEPMOAYS-
LUMOHHbIX NCKaXEHN
Aot b b b alb bl fal
0
o
O6patHbIi caBur o
no 4YacTtoTe o
= | | Ll |
> 1 l L1 l 1 l 1 1 l 1 1 l 1 l 1 l 1 l 1
0 F 2F 3F 4F 5F 6F 7F

YactoTta

YacToTHasi xapakTepucTuka

dunsTpa AN yetpaHeHus
NCXOAHbIX FTAPMOHUNYECKNX
COCTaBNIOLLMNX

NHTEPMOAYNALNOHHbIE
nomexm

NI R O e | 1 | N

0

Puc. 1.1. Metog Benuepa namepenuns ypoBHs MHTEPMOAYNALMOHHBIX MCKOXEHUM

B HACTOsIII[ee BPEMsT; BOBMOKHO, OH TIPHOGPETET MOMYJISIPHOCTD B CBSI3U C PACIIPOCTpPa-
HEHUeM B TIOCTIe/[Hee BpeMst TIPOIeCCOPOB MM PoBoil 06paboTKM CUTHATIOB.

O/HO W3 Bo3paskeHNI, BBICKa3bIBAEMbIX IIPOTUBHUKAMU U3MeEPeHUs Koa(duimenTa
HEJIMHENHBIX MCKAKEHUH, 3aKJII0YaeTCsI B TOM, YTO ITOT IAPAMETDP He II03BOJISIET
BBISIBUTh HEJUHEHHOCTh YCHUJIEHUS, UMEIONIYIO TpeeJbHO HU3KII ypOBEeHb. XOKC-
dbopn (Hawksford), Hampumep, yTBep:KIaeT, 4TO «MOPOTOBbIE SIBJIEHUST OIIPENEIISIIOT
IIPeIeJIbHYIO TPAHUILY TIPO3PAYHOCTH YCUJIUTENei» [7], 2 HEKOTOPbIe 9KCIIEPTHI 3a51B-
JISTIOT, 4TO METaJUINYeCKe KOHTAKTBl B CXeMe YCHJIUTEIEeH 00pasyloT uTo-TO BPOE
MUKPOAN00B. [To106HbIe (BeCbMa BPEIHbIE) TUIIOTE3bI 1 B CAMOM JIE€JI€ MOTYT IUCKpPe-
IUTUPOBATH 3HAYNMOCTD U3MePeHNI Koo GUITNeHTa HETMHEWHBIX NCKaKEeHMI.

S paspaboran MeTon uaMepeHus npeesibHo Husknx sxadennit KHU (o 0,01%
Mpyu cpeHeKBazipaTnyeckoM yposHe curtana 200 MmkB) u ncrosb3oBa ero st uame-
PEHUST HeTMHEWHOCTEH, BhI3BAHHBIX 3JIEKTPOJUTUIECKUME KOHAEHCATOPAMU GOJIBIION
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€MKOCTH, Pa3IMYHBIMU KOHTAKTAMU U JUIMHHBIMU COEIMHUTEIbHBIMY IIPOBO/IaMHU, KaK
00JTaIal0IMMU, TaK U He 00JI/IAI0NIMMU TeMU TAWHCTBEHHBIMU CBOMCTBAMM, KOTOPBIE
OPUIHCBHIBAIOT UM CyObekTuBUCTBL. CXeMa M3aMepeHuil Tokasana Ha puc. 1.2, B Heil
VICHOJIb30BaH MaJIONTYMSIIIN yenauTess [8]. Mcrmonp3oBanne aenTestst HATPSKEHHS
C MaJIbIM 3HAYE€HUEM COIIPOTUBJICHUSI HIDKHETO T1JIe4a, KOTOPBIN CIIYKUT JIs1 ocJiabJie-
HUSI BXOJHOTO CHTHAJIA, O3BOJISIET cBecTH myMbl Jlxoncona Kk munumymy. Hukaknx
HEJIMHEWHBIX WCKAKEHUN, BHI3BAHHBIX UCIIBITHIBAEMBIMU 3JIEMEHTAMH, OOHAPYKUTH
TaK U He y/aJI0Ch.

+7n6 -50 b +10 8B
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koadpduLmeHTom .—I |—. (k=+80 b, rapMOHUK
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Puc. 1.2, Metoa v3mepeHMs HM3KMX 3HAYEHMH KO3IPPUUMEHTa
HENMHENHBIX UCKAXKEHUH

WHTepMOIyISAIIMOHHBIE UCKAKEHNUS, OUEBUIHO, YXYAIIAIOT Pa3/leIeHue CTepeoKa-
HAJIOB, HO JMaHHBIA 3(P(EKT NPaKTUUECKU HEBO3MOKHO OOHAPY/KHTh, TIOKA OH HE
JOCTUTHET 110 KpaiiHeii Mepe 3uauenusi 20 1B, HO B GoJiee-MeHee KaueCTBEHHBIX YCUITH-
TEJISIX €T0 3HAYEHUSI MHOTO MEHBbIIIE.

(DazoBble ¥ TPYIIIOBbIE 3aIEPKKU OJTOE BPEMsI CJIYKUJIN UCTOUHUKOM BCSIKOTO
poxa criopos. Crarnu Jinmmui (Stanley Lipshitz) u ap. ormeuator, uto atu ahpeKTs,
OYEBUJIHO, 3aMETHBI, HO TOJIBKO €CJI OHU UMEOT JTOCTATOYHO OOJIbIy0 Besmunny. Ho
Be/lb HUKTO HE TIPOEKTUPYET YCHJIUTENH, KOTOPbie OBl BOCIPOU3BOIMIN BEPXHIOIO
MOJIOBUHY 3BYKOBOTO CITEKTPa HA TPU Yaca mo3ske HIDKHeH. [Toatomy 06CYKIeHs
0 BAUSHUN (hAa30BOM 3a/I€PIKKK COCPEOTOUNIIUCH TJIABHBIM 06Pa30M Ha IMHAMUKAX, TO
€cTh TaM, TJie TaKue 3aePiKKH ellle MOT/IH OBl UMeTh MECTO, HE COTPOBOKIASCH TIPH
5TOM HaOJIIOJIAeMbIM U3MEPEHNEM YaCTOTHON XapakTepuCTUKU. JINMIIINI yTBEPKIAeT
[10], uro BaMgHUE hazoBOTO HUIBTPA BTOPOTO TMOPsKa ¢ nmoctosHHol AUX MoxeT
BOCIIPUHUMATBLCS YXOM UeJI0OBEKA, B TO BpeMs Kak bputaHckas BemaTeabHas KOPIIopa-
s (BBC — British Broadcasting Corporation) B jmue Xapsyza (Harwood) [11]
YTBEPKAAET MPSIMO TIPOTHBOIIOIOKHOE, TaK UTO MCTUHA B 9TOM BOTIPOCE TOKA €llle He
ycranossiena. Clie[lyer 3aMeTHTh, YTO 3Ta IPoOJIeMa He TaK YK U BaKHA JIJIsT TPOEKTHU-
POBIIUKA ayIHOYCUIUTEEH, TTOCKOJIBKY TpeOyeTcst ysKacaolas HEKOMITETEHTHOCTD,
4TOOBI Pa3paboTaTh CXEMY YCUIUTEIS, BKIIOUAIOMYIO B cebs (asoBbiii puabTp. B mpo-
TUBHOM cJyiyyae (a3oBble 3a[epXKKU B YCUJIUTEJE IOJHOCTHIO ONPENeJSIOTCS €ero
YACTOTHOW XapaKTePUCTUKON (1M Ha060POT) — AaHHBIH (DAKT XOPOIIIO U3BECTEH U3 TEO-
pPHM aBTOMATUYeCKOTO yipaBienus. Hacrora cpesa MpaBUIbHO CIIPOEKTUPOBAHHOTO

1, o o
TenioBble 1TyMbl, BbI3BAaHHBIE XAOTHYHBIM JIBUJKEHUEM HOCHTeJeH 3apsia, B TEXHUYECKOH
JIMTEPATYPE YACTO HA3BIBAIOTCS Tak:Ke rymamu Haiiksucra. — [Ipum. peo.
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AyIMOYCUJIUTEJIS pacliojiaraeTcsl He CJIMIIKOM JJaJleKo 3a IPEeJIOM ero YaCcTOTHOTO
[IMATIa30HA U 9TO, KOHEYHO, 00YCTOBIMBAET HEGOTBINYIO (Ha30BYIO 3aMEPIKKY YCUIIH-
BAEMOTO CUTHAJIA, HO OHA CJMIIKOM MaJia, 4TOObI ObITh 3aMETHOM cirymaTeio [8].

HVccnenoBanust B 06JaCTH TMICHXOAKYCTHKHU TTOKA3bIBAIOT, UTO YETOBEYECKHH CIYXO-
BOIf anmapat 06J1a1aeT YAUBUTEIBHOM 4yBCTBUTENBHOCTHIO, XOPOIIIO Pa3JinyaeT Harpa-
BJIEHHE HA UCTOYHMK 3BYKa U UMeET IIUPOKUN JMHAMMYECKUN [Ualla30H, HO ero CIo-
COOHOCTDh BOCIPUHUMATH MaJjible U3MEHEHWs] YPOBHSI CUTHAJIA WM TaPMOHUUYECKUE
HCKa)KEHUS He TaK YK Besinka. Ml 3To He TOJIKHO BBI3BIBATh Y/IUBJICHUS: B XO/I€ 9BOJIIO-
LMY 4eJI0OBeYecKOoro opraHusMa Ha I1epBoe MeCTO BCerja BbIIBUraIach BO3MOKHOCTD
OBICTPO OTIPEAENUTH UCTOUHHUK OMACHOCTH (TO €CTh YCJBIMATE Jaske caMblil ClabbIil
3BYK ¥ OTPEEJUTDH HATPaBJIeHUE, U3 KOTOPOTO OH MCXOMWT), a TaKKe CIOCOGHOCT
XOPOIIO pa3ianyaTh peyb. C TOUKM 3peHUs PACIIO3HABAHUS Y€JIOBEYECKON peuyr MHOTO
Ba)KHEEe YMeTb BbIZeJaATh (hOPMaHTbl (YACTOTHBIE AMANAa30HbI TaPMOHMYECKUX COCTaA-
BJIAIOIIUX 3BYKOB PeuH, U3/1aBaeMbIX C IIOMOIIBIO TOJIOCOBOTO allllapaTa), a TaKxkKe pas-
JIeJISITD TJIaCHBbIe W COTJIACHBIE, YeM IOBBINIATh 3HAYEHUs [1apaMeTpPOB, paccMaTpHUBae-
MbIX 00bruHO it Hi-Fi anmapatypbl. BosMokHO, caMo CyIIeCTBOBaHKE TaKOTO
HAMpPaBJEHUs YeJOBEYECKOrO TBOPUYECTBA, KaK MYy3bIKa, SIBAAETCS CBOEOOPA3HBIM
m0609HBIM 3(GhEKTOM DPa3BUTHS HAIMINX YAUBUTEIBHBIX CMOCOGHOCTEH, PAa3BUTHIX
B Pe3yJIbTATe PEUEBOTO OOTIEHTISI.

1.5.5. MpeameT Bepbl: AOKTPUHBI CyObEKTUBU3MA

Bce mnepeunciisieMble HUKE YTBEPXKACHUS CUMTAIOTCS OOUIENIPU3HAHHBIMU B Cpelle
CyOBEKTUBUCTOB M HEOJHOKPATHO YIMOMUHAIOTCS B JINTEPATYPE KaK HETPEJOKHBIE
(akTel. OJTHAKO HYU OJTHO M3 3TUX TOJIOKEHUI 32 MTOCJEIHUE TISITHAIATD JIET TaK U He
HAIIJIO CBOETO OOBEKTUBHOTO TOATBEPsKACHUS. TaKkoil rPyCTHBIA PEKOPI, BO3ZMOKHO,
CI10cOOHBI MOOUTH PasBe YTO CTYAEHTHI, 00yYalompecs Ha Kypcax MapalCuX0I0TUn.

e OOGBIYHO WCIOJb3yeMble MPU WMCIBITAHUN AyAHOAIIAPATYPbl CUHYCOUIATbHBIE
KOJICOAHISI SIBJISTIOTCST CTUIIIKOM CTaOMIBHBIMY CUTHAJIAME U [IO9TOMY HE COOTBET-
CTBYIOT CJIOXKHOMY XapaKTepy peasbHbIX CUTHAJIOB, [UI YCUJIEHUSA KOTOPBIX 3Ta
arnmnapaTypa InpeHasHadyeHa.

ITocKOJIbKY HPOM3BOAHBIE JIOOOTO MOPSIAKA I CUHYCOUAANBHOI0 KojiebaHus He
PaBHBI HYJIIO, TO TIOHATHE CTAOMIBHOCTH K HUM BPSIZL JI IpUuMeHnMo. Bo BeskoM ciry-
yae, HeT OCHOBAaHWI CUWTATh, YTO, HAIIPUMED, CUHYCOUATIbHAS BOJIHA CO CJIYYAWHO
U3MeHSIOIeliCs aMILIMTY 10 Oy aeT A1 yeuaureneil 6ojiee afeKBaTHbIM UCIIBITAHUEM.

Bo3MOKHO, TIOMOOHOTO PO YTBEPIKACHUS SIBJISIFOTCS CJEACTBUEM HEKOTOPOTO
«0YeJI0BeYMBAHNUA» ayAUOAIIIAPATYPbL: HEKOTOPbIE AYMAIOT, OYATO YCUIUTEb «IOHK-
MaeT», YTO UMEHHO OH ycuiriBaeT. KoneuHo, KoMOMHALIMS ABAALUATH CUHYCOMIAIbHBIX
KoJIe0aHMI ¢ PasIMYHBIMKU YaCTOTAMU [IPEACTABJISETCS YeJI0BEKY OoJiee CII0KHBIM CUT-
HaJIOM, YeM OJHO Takoe KojebaHue, HO I YCUAUTEIS 06a 9TUX CHUTHAJIA CBOISATCS
BCETO JIUIIh K TIOCJIEeI0OBATEIHHOCTH MTHOBEHHBIX 3HAUEHU HAIPSKEHUS, KOTOPbIE
HEOOXOIMMO YBEIUYUTD [10 aMILIUTYAE B ONIPeAeIeHHOe YIC/I0 Pa3 U IIOAATh Ha HU3KO-
OMHYIO Harpy3Ky.
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o KoHzieHcaTOpbl MCKAKAIOT TMPOXOASIINIT Yepe3 HUX CUTHAJ, ¥ 9TOT a(dekT He
MOKeT ObITh OOHAPYKEH C TIOMOIIBIO TPUOOPOB, UCIIONB3YEMBIX JIJIST M3MEPEHIST
Koo uIeHTa HeTMHERHBIX NCKaKEHHH.

Hexoropble uccienoBatesy, ONUpasch Ha 9KCIEPUMEHTBI 110 BBIYUTAHUIO UMITYJIbC-
HBIX CUTHAJIOB IIPY IIPOXOK/ICHUN UX YePe3 KOHJICHCATOPBI JIBYX Pa3HbIX TUIIOB, 3aBU-
JI, 4TO HAJIMYIME HEHYJIEBOTO PASHOCTHOTO CUTHAJIA AIKOOBI IOKA3bIBAET, YTO KOH/IEHCA-
TOPBI BBI3BIBAIOT MCKaKeHNS 3ByKa. OfHaKO, HA MO B3TJISA/ 3TH 9KCIIEPUMEHTHI BCETO
JINIIB JIEMOHCTPUPYIOT XOPOIIO M3BECTHbIE HEJOCTAaTKU peasbHbIX KOHIEHCATOPOB,
Takue KakK IIOTepU B JUIJIEKTPUKE U HAINYWe BHYTPEHHETO CONPOTHUBIIEHUS, & TaKKe,
BO3MOKHO, YA3BUMOCTU IUIEHKU [IUDJIEKTPUKA, UCIOJIb3YEMOTO B KOHAEHCATOPAX,
K U3MEHEHUIO MOJIAPHOCTU NTPUJIoXKeHHoro curHana. Hu onnn n3 atux adgdexros, Tem
He MeHee, He CITOCOOeH TOBJHSITh Ha KA4eCTBO 3BYYAHNUST TIPABUJIBHO CITPOEKTHPOBAH-
HOTO YCUJINTEJIS.

¢ [IpoxoseHue curHajIA 0 COCAMHUTEIbHBIM ITPOBOIAM, TIPOBOHUKAM T€UaTHOM
IITaTHI ¥ Yepe3 KOHTAKTHI TiepeKTioyaTeseil BRI3bIBAET YXYyAIIeHIE KauecTBa 3BYKa.
[TokpbiTHE TOBEPXHOCTU KOHTAKTOB JIPAroleHHBIMU METAJIIIAMUA YMEHBINAIOT 3TOT
addbeKT, HO He YCTPAHSIOT €T0 MOJHOCTBIO. DTO YXYAIIEHUE TakKe He 0OHAPY K-
BAETCS € TIOMOIIBIO CTAHAAPTHBIX METO/IOB M3MEPEHNS HEJNHEHHOCTH YCUJIUTe-
Jieft.

ITomo6HbIe GeCIOKONCTBA 110 MOBOAY 9JEKTPUYECKUX COeIUHEHUI BechMa Pacipo-
CTPaHEHBI, HO [1I0Ka YTO HET HU OJJHOTO JJOCTATOYHO BECOMOIO /I0KA3aTesIbCTBA CyIIe-
cTBOBaHMs aHHbIX 3(heKkToB. VcKaxeHus, BHOCUMble KOPOTKUM OTPE3KOM IIPOBO/IA
B AJIEKTPUUYECKHUIT CUTHAT, HEBO3MOKHO OOHAPYKUTH C MOMOTIbIO prbopoB. YTo Kaca-
€TCsT YTBEPIKIAECHUST OTHOCUTEIBHO TOTO, YTO MEKCOEANHEHUsST 0OPasyIoT HEYTO BPOJIE
MUKDPOJAMO/OB, TO OHO MOJHOCTBIO UCKJIIOYAETCH C TOYKU 3PEHUST U3BECTHBIX CETrO7l-
HSITHEN HAayKe CBOWCTB PAJIMOTEXHUYECKUX MaTepraoB. HUKTO Tak U He cMOT TIpeji-
JIOKUTH KAKOU-INO0 METO/ M3MepeHUst TTOJ0OHBIX 9 (hEKTOB.

Hawubosee 3HaUMMBIN TapaMeTp AMHAMUYECKON TOJOBKU — 9TO WHIYKTUBHOCTD €€
oomorku. Tlon BAMsSIHWEM 9TOW WHAYKTUBHOCTU YACTOTHAs XapaKTEPUCTUKA BCei
CUCTEeMBI 3ByKOBOCITPOU3BE/IEHNS JeHCTBUTEIbHO HECKOJIBKO N3MEHSETCS Ha BBICOKUX
YacTOTaX, HO 9TU OTKJIOHEHUS BPSI JIU MOTYT NMPeBbICUTD ypoBeHb 0,1 1b mpu paszym-
HBIX 3HAYEHUSTX UHIYKTUBHOCTH 0OMOTKE (CKakeM, Meree 4 Mk 'H). KoneuHoe cormpo-
THUBJIEHUE coenHuTesbpHOTO TTpoBoza (okoso 0,1 Om), pazymeercs, MOXET BBI3BATh
HeOOJIbIIINE UCKAKEHUsI CUTHAJIA U3-32 MAJIbIX BapUAllUil MMIIe[aHca [MHAMHUKA, HO
oHu BecbMa MaJibl (He 6osbiie 0,05 1B) 1 He MOTYT HOBJIMATD Ha KAUeCTBO pabOThI yCH-
JIATEJIS.

Takske MaJIOBEpOSITHO, YTO KOPPO3UST KOHTAKTOB MOXKET CKa3aThCs Ha IapaMeTpax
3BYKOBOCITPOU3BE/IEHUs. XOPOIIO U3BeCTHBIHN adhdeKT — (hpopMupoBaHe CO BpeMeHeM
Ha cepeOPSTHON OBEPXHOCTU KOHTAKTOB CJIOS CyJib(hUla U3-3a OKUCJIEHUST HA BO3JLY-
Xe — KaK IIPaBUJIo, HapylllaeT KOHTAKT [IOJIHOCTbIO, 103BOJISAS TOJIbKO MUKOBBIM 3HaYe-
HUSM TIe€pPe/IaBaeMOr0 CUTHAJIA TPOXOJUTH 4epes cioit cyiabbuaa. Ho ator addexr
CJIUIIIKOM BEJIUK, YTOOBI SBJIATHCS MPUYMHONW MAJI03aMETHBIX MCKaKEHWH CUTHAJIA,
0 KOTOPBIX TOBOPST CyOBEKTUBUCTBI. J[JIsT yCTpaHEHUST JAHHOTO SIBICHMSI KOHTAKTHI
crieyeT TIOKPBIBATh CJIOEM 30JI0Ta, HO 3TO JIOPOTOE YAOBOJIbCTBUE.
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e Kabesrb, UCTIONB3YEMBIH B YCUITUTENSX, STKOOBI 061a1aeT OTHOCTOPOHHEH MTPOBO-
JIUMOCTBIO, TO €CTh TIepelaeT CUTHAJ B OJIHOM W3 HANpPaBJEHUN Jydlle, 4em
B JIpDYTOM.

Hocutesnem 3ByKoBOTO CHUTHAJIA SIBJISeTCS TIepeMeHHbIN ToK. OH pacrpocTpansgeTcs
Mo Kabesio OMHAKOBO, HE3aBICHUMO OT CBOETO HampaBieHust. JIto6oi, KTo crmocoben
MMOBEPUTD, UTO ATO HE TAK, BPSI/L JIU MOKET CIIPOEKTUPOBATH XOTh Kakoi-To ¥ M3Y, Tak
YTO HaJIbHEHIITIe aPTYMEHTHI TI0 9TOMY BOTIPOCHI U3JTUIIHU.

e JlaMI10BBIE ycujiunTesamn obeciieunBaloT 6osiee KaueCTBEHHOE 3BydaHue, HeKeIn
TPaH3NUCTOPHbIC.

CripaBeyIMBOCTH pajiul cjeLyeT MPU3HATh, YTO 3hdeKT «IaMIIoBOro 3ByKay Jei-
CTBUTETHHO MOXKET UMETh MeCTO. MHOTHE 3KCIEepPThl B CAaMOM [ieJie TPEAIOYNTAIOT
HEKOTOPYIO JIOJIO TIPUMECH BTOPOW TapMOHMKHM CHUTHAJa, KOTOpas XapaKTepHa s
JIAMITOBBIX YCHJIUTEJIEH U3-3a TOTO, UTO MOCJIEAHNE OOBIYHO MMEIOT HEOOJIBIIY O TTyOu-
HY OTPHIIATEJHHOM 0OPATHON CBS3M U, CJIEA0BATENHHO, HENOCTATOUHYIO JIMHEHHOCTD.
Ho HiFi anmaparypa 1o onpeejaeHuio 10JKHa 06eciednBaTh BHICOKYIO BEPHOCTD 3BY-
KOBOCIIPOU3BE/IEHNS, TOATOMY €CJIM TPeOyeTcst 106aBUTh K CUTHATY BTOPYIO TapMOHU-
KY, TO 3TO JIOJIKHO YIIPABJIATHCS € TIOMOIIBIO OT/IEIbHON KHOIIKU Ha Iepe/iHel aHean
YCHUIIUTEIS.

Ucnonb3oBanme JaMIIOBBIX YCUIUTENEH CBS3aHO C IEJIBIM KOMIIJIEKCOM JIOTIOJIHU-
TEJBHBIX TPOOGIEM: ITO TIOXash JTUHEHHOCTh, HU3KAsA HaJeKHOCTh, HEOOGXOAUMOCTD
MIPUMEHEHUS] OTPOMHBIX TPAaHC(OPMATOPOB € KEJIE3HBIMU CepJeYHUKaMK (YTO elle
6osiee yXyIIaer JUHERHOCTD yeuiuTesst B 1iesioM). CoBpeMeHHast MOJIa Ha JIAMIIOBbIE
YCUJTUTETN OCTAETCSI IJIST MEHST 3ara/IKOM, TeM OoJiee UTO XPYITKUE CTEKIISTHHBIE COCYTbI
C pacKaJeHHBIMU aHOJAMM, MUTAEMBIMU COTHAMH BOJIBT MOCTOSIHHOTO HATIPSKEHUS,
BPSIT STV TIPHOABIISTIOT YYBCTBO HE30MACHOCTH UX 00JIaaTeISIM.

HenasHee nocTiskenne cyObeKTUBH3MA — OJIHOIIOKOJIbHBIE TPHOJIBI C IPSIMBIM HAKa-
JIoM — BecbMa froporu. IlocTpoennble Ha HUX YCUIUTENN U3-3a ACUMMETPHUH aKTUBHO-
O BJIEMEHTa UMEIOT GOJIBIION YPOBEHD BTOPOI TADMOHUKY CUTHAJIA U, CJIEI0BATEIBHO,
BBICOKOE 3HaueHue K03 uIeHTa HeIMHENHBIX UCKaXKEeHUH U TPeBYIOT UCIOIb30Ba-
HUSI 0YeHb OOJIBIIMX BBIXOAHBIX TPAHC(HOPMATOPOB, KOTOPbIE MOTJIM OBl BBIAEPKATH
BBICOKOE 3HAUEHNUE TTOCTOSHHON COCTABJISAIONIEN aHOTHOTO TOKA M CEPIEYHUK KOTOPBIX
IIPU 9TOM ellle He BXOAWJ Obl B HachlllleHre. B pe3ysbraTe WX BBIXOAHAS MOIIHOCTb
orpanudena BejunHoi 10 Br, ecin He Menblie. B HegaBHIX 0630pax rOBOPUTCS, YTO
obuuii koabduIueHT HeauHedHbIX uckaxenwii ycuaurens Cary CAD-3000SEI
IOCTUTAeT 3HaYeHus: 3% IPHU BBIXOAHOUW MormHoctu 9 Br, m 3to mpu crommocTu
3400 pyuTos! K Tomy ke eine TpebyeTcs NOKYIATh OTAEAbHBIN IPEAYCUTUTENb.

e OrpuriaresnbHast 0OpaTHAsI CBSA3b SIBJSIETCST OE3YCIOBHO BPEIHON U 6€3 €€ UCTIOJb-
30BaHVsI 3BydaHue YCUIUTEIeH BCer/ia OKa3biBaeTcst 6oJiee KaueCTBEHHBIM.

B neticrBurenproctu OOC He TONBKO He BpeMHA, HO SIBJSIETCS HEOTHEMIEMBIM
MIPUHITUIIOM [TPOEKTUPOBAHUSI 3JIEKTPOHHOM aIllapaTypbl, CIIOCOOHBIM IIPU HaJlIeKa-
I[eM HCIIOJb30BAaHUK YJIYUIIUTh 3HAUEHUE MPAKTHUECKH JI060T0 ee mapamerpa. Kak
MPaBUIO, CYOBEKTUBUCTH KPUTUKYIOT OOIIYI0 OTPUIATENBHYI0O 0OPATHYIO CBS3b,
Heo6xoauMocTh MecTHOH OOC HEeXOTST MPU3HAETCS MMM, TaK KaK BeChbMa TPYIHO
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paspaboTaTh 2JIEKTPOHHYIO cXeMy 0e3 ee UCIob30BaHusd. YacTo yTBEPKAAETCs, YTO
raybokas OOC uckaxkaer (POHTHI UMITYJILCOB, HO 9TO He Tak. Bosee moapoOHO aTy
TeMy Mbl 0OCYIMM II03e, KPOME TOIr0, YNTATe]b MOKET HATH JOIOJIHUTE/IbHbIE CBe-
nenus B [15].

e PerysiTopbl TeMOpa yXy/IIIAI0T KAYeCTBO 3BYYAHUS, TasKe KOT/Ia X PETYIUPOBKA
HacTpoeHa Ha 1ockyo AUYX.

OOGBIYHO 3TO yTBEPsKAEHHE 0GOCHOBBIBACTCS (DAa30BBIMU CIABUTAMHU B PETYJISATOPAX
temOpa. Ho nipu mtockoit AUX ux BivsiHie He MOKET BOCIIPUHIMATHCS YXOM YeJI0Be-
ka. Be3 comHenus, camu 1o cebe PETYISTOPHI TeMOpa COBEPIIEHHO HEOOXOMUMBL,
4TOOBI CKOPPEKTHPOBATH AKYCTUKY MOMEIIEHS], HEIOCTATKU aKyCTHYECKUX KOJOHOK
WM HecGaNTaHCUPOBAHHOCTh WCXOIHON ayanosanucy. B 1o6oM ciydae HaKIaIHO
6b1710 GBI KOMIIEHCHPOBATD HEMAEATHHOCTH YACTOTHON XapaKTEPUCTHKH ayIMOKaHAIA
C MIOMONIBIO MOJIEPHU3AIINN TPOMKOTOBOpHUTEseld. XOTS 3TO U BO3MOKHO, HO SBJISETCS
CJTUTITKOM JIOPOTHM CIIOCOOOM KOPPEKITHH TeMOpa.

e KauecTBO MCTOYHMKA TTUTAHUSI OKA3bIBAET BJIUSHUE Ha pa60Ty ycniaunreJiAd, 6oJtee
TOHKO€, YeM OOBIYHOE «IIJIABAHUE» 3BYKa.

B 1eficTBUTEIBHOCTH BCE JOCTATOYHO XOPOIINE YCUIUTENN C1ab0 YyBCTBUTETbHBI
K HEOOJIBIIUM KOJTeO6aHUAM HATIPSAKEHNS TIUTAHKS, 0OCOOEHHO K 3TOMY YCTONUMBHI OTIe-
paIMoHHble yCUIUTENU. [109TOMY peKOMeHAAIN CyOBeKTHBUCTOB, KOTOPBIE YTBEP-
JKJIAIOT, YTO CJELYET UCIOIb30BATh M030JI04€HHbBIE TIPOBOIa OOJIBIIOTO CEYEHHSI, pac-
CYMTaHHble HAa TOK /0 13 A, KaxkyTcd JUIIEHHBIMU 3/[paBoro cMbicia. K Ttomy ke
HETIOHSTHO, T/IE CJIelyeT OCTAaHOBUTRCS? BO3MOKHO, CIIe/lyeT MO30JI0THTh BCE TIPOBO/IA,
KCIIOJIb3yeMble Ha MMOACTAHITN ?

e MoHOOI0UHAsT KOHCTPYKITHS (TO €CTh UCIOJIb30BAHUE [BYX OTAETbHBIX GJOKOB
yeusmTesieil) Beerga 6ojiee MPeANOYTUTENbHA, TaK KaK CHIJKAET BIMSHUE Iepe-
KPECTHBIX UCKKEHUN.

Ha camoM eJie HeT HUKaKO# HeOGXOMMMOCTH MATH Ha yAOPOKaHUE KOHCTPYKIINH,
MBITASICh CHU3UTh B3aUMHbIE HABOJIKU, TAK KaK MUHUMAJIbHOE WX 3HAUEHUE, KOTOPOe
elle ABJSAETCS AefCTBUTENbHO HeoOXOAMMBIM, cocTasiseT okoso —20 nb. Ho ato
MOKET OBITh JOCTUTHYTO OOBIYHBIMU CPEACTBAMU: MOCTEAHUI CIPOEKTUPOBAHHBIN
MHOII ycunuresnb obectiedusan —90 1B mpu yacrore 10 k[ Ge3 MCIOAb30BAHI
KaKMX-J00 JOMOJHUTEIbHBIX YXUIIPEHHIA, KPOME OOBIYHBIX B TAKKMX CJIyYasX MpPepo-
cropoxkHocteil. Te jke, KTO HaMePeH CJIeZI0BaTh MOJIE U OTJAIOT MPEAOYTEHNE MOHO-
GJIOUHOMY HCIIOJIHEHUIO, JOJKHBI MUPUTHCS € YAOPOKAHHEM MEXaHMYECKUX JacTeil
arrapaTypbl IIPaKTUYECKU B JiBa pasa.

o MuxkpodonHsIil adeKT okazpiBaeT 3aMeTHOE BIMSTHIE HAa KAUYeCTBO 3BYKA, IT03TO-
My Tpebyercs HajiexkHass BUOPOU3OJISAIMS AyANOATIIaPATY PbI.

MukpodouHbIi 9P dEKT MPOSABISAETCS B IAMIIOBBIX TPEABAPUTETHHBIX YCUIUTESX;
YTO KacaeTcs MOJyNnpoBOAHUKOBEIX ¥ M3Y, To 3/ech ero BiausgHUE BPS JIU MOXKET
OBITH 3AMETHO Ha CJIyX, TaK KaK YPOBEHb MapasUTHBIX KOJeOAHUH B 3TOM CJIydae MHOTO
MEeHbIIIe YPOBHS IITyMa caMOTO YCUIUTEA.
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B sureparype npakTuyecku He YIOMUHAIOTCS METO/bI U3MePeHNs MUKPO(MOHHOTO
adekTa, MOaTOMY TIPEJIara0 YUTATETO0 TOBTOPUTD €IMHCTBEHHBIN N3BECTHBIN MHE
AKCIIEPUMEHT: BO3bMUTE MUKPOGMOHHBIN IIPeyCUINTED ¢ KO3 dUIMeHToM yCuaeHus
okosno +70 b u pesko yzapbTe OTBEPTKON MO BXOAHOMY 3JIEKTPOJIUTUYECKOMY KOH-
JIEHCATOPY — BBI YCJBIIIUTE B IUHAMUKE CJIA0BIH IIyM, B KOTOPOM Pe0BJIaaioT Hru3-
kue yacToThl. VI3 Bcex pajuoasieMeHTOB TOJIbKO 3JIEKTPOJIMTUYECKUE KOHAEHCATOPb
JEMOHCTPUPYIOT TON00HBIN 3 dert. Ho 06bie BO3SMOKHbBIE BUOPAIIUT ay/HoaImapa-
TYPBI [IPOU3BOJAT HAMHOIO MEHbIIME UCKa)KEHUS, YeM CUJIbHBIHN y/ap OTBEpTKOM 110
KOH/IEHCATOPY.

JlaBaiiTe HA MUHYTY TIPEJCTABUM, YTO KaKOe-TnOO0 U3 BBINIENEPEUHCIEHHBIX YTBEP-
JKICHUN CyOBEKTUBUCTOB SIBJISIETCST BEPHBIM, M TIONPOOYEM TIPOaHATM3UPOBaTh BhITE-
Karolie orciofia cienctsusi. Vimeercst achdekT, KOTOPBI He MOTYT OOHAPYKUTD H3Me-
puTenbHble TPUGOPBI, HO KOTOPBIH SABJISETCS GE3yCIOBHO CIBINMMBIM Ha CIYX.
Bo-1miepBbIX, MOXKXHO MOCTYJUPOBATH, YTO IS KAKIOTO BUJIA 3BYKOBBIX MCKAKEHUI
HUMeeTCsT Kakoe-Jimbo XapakTepHoe u3MeHeHWe B pucyHKe (GIIyKTyaluil [aBjieHus,
KOTOpPOe BOCHPUHUMAETCS YXOM UYeJIOBeKa, M UTO COOTBETCTBYIOMIEH MoanbuKannm
TOJIBEPTHYJICS 2JEKTPUYECKUI CUTHAJ, TPOXOJAAIINNA 4Yepe3 yCUJIUTeNb. Eciau 3aTo
He TaK, TO Mbl JIOJUKHBI [IPU3HATD, YTO CYLIECTBYeT HEeKUil HEeM3BeCTHBI HaM KaHaJl
nepeauyn WHGOPMAIUU, TTOMUMO TIPEATIONIATAEMOTO B 3TOM CJIydae 3JeKTPUYECKOTO
CUTHAJIA, HO B TAKOM CJIy4ae MbI IPUXO/MM K IIOTYCTOPOHHUM CHJIaM, He [IpU3HaBae-
MBIM COBPEMEHHOIT HayKoil. K cuacTbio, moka HUKTO U3 CyObEKTUBUCTOB U HE MBITAJICS
yTBepskAaTh obpaTHoe. CreoBaTebHO, MOJKHBI HAOIIOAATBCS 3TH CaMble OTKJIOHE-
HUST B KAaKUX-JT00 MapaMeTpax 3JeKTPUYECKOTO CUTHAIA, TPOXOJIIETO YePe3 YCUITI-
TeJIb, HO 3T U3MEHEHUSI TIOUYEMY-TO HE OOHAPYKUBAIOTCS C TIOMOIIBIO HAITUX TTPUGO-
poB. Kak Takoe BO3MOKHO? BeposTHO, CyIIecTBYIOT Ba crmocoba OOBICHUTD 9TOT
(perHOMEH: TIEpPBOE TIPEATIONOXKEHNE 3AKTIOYAETCST B TOM, UYTO CTaHAPTHBIC METOIMKN
U3MepeHust He 06eCIIeUnBAIOT JOCTATOYHYIO 4YBCTBUTEIBHOCTD, YTOOBI 3aPETCTPUPO-
BaThb COOTBETCTBYIOIINE OTKJIOHEHUS IapaMeTpoB, HO TOTAa BO3HUKAET BOIPOC, KakK
4eJI0BEYECKOE YXO CIIOCOOHO Pa3JIMYUTh CTOJNb MaJible HCKasKeHUs curHama? Bropoe
(6osee OMTYJISIPHOE) OODBICHEHVE YTBEPIKIAET, YTO CTAHIAPTHBIE METOIBI M3MEPEHUST
koadbueHTa HeTMHEIHBIX MCKAKEHWI B TIPUHITATIE HE MOTYT aJIeKBAaTHO OTPA3UTh
nedeKTbl B yCUJINBAEMOM CUTHAJIE, KOTOPbIE IIPOSBJISIOTCS TOJIBKO IIPU BOCIIPOU3Be/le-
HUW MY3BIKU WA Y€JI0BEYECKON PEUH. ITU «TOJbKO My3bIKAJIbHbIE> BUJIBI UCKAKEHUT
He MOTYT OBITh TaksKe 3a(DUKCHPOBAHBI C TIOMOII[HIO MHOTOYACTOTHOTO METO/IA H3Mepe-
HUSI UHTEPMOAYJISAITUOHHBIX UCKAKEHWH, W Jaske ¢ MIOMOIIBIO TICEBIOCTYUANHBIX CUT-
Hasnos B Tecte Bemuepa. Ho tect Bemuepa nossossieT adekTUBHO MPOBEPUTD ay/I10-
TPaKT cpady BO BCeM [ualla3oHe YCHUJIMBAEMBIX YacTOT, U TPYJHO IIPEJCTaBUTDL
CYIIECTBOBAHNE KAKUX-TNOO MCKAKEHUH, KOTOPble MOTJIH ObI TIPONTH COBEPIIEHHO
He3aMeYeHHbIMU.

Camoe 0Y€eBHIHOE CBUIETENHCTBO B O3y OMUOOYHOCTH CYOHEKTHUBHU3MA TIPEIO-
CTaBJIsIeT HAM Pa3HOCTHBIN TecT. OH SICHO MOKA3BIBAET, YTO MPU BBIYUTAHUYU CUTHAJIOB
Ha BX0jie ¥ Beixozie Y M3 He ocTaeTcst HUYETo, YT0 MOTJIO ObI BOCTIPUHUMATECS YeJI0-
BEYECKUM YXOM.

PasHoctHbIi TecT npepioxed bakcanganiom (Baxandall) B 1977 roxy [17]. Tlpun-
AT €TO TPOBeleHnsT mimoctpupyercs Ha puc. 1.3. TouHas mozpcTpoiika BepxHei
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1 HUKHEH 4acToThl cpe3a (uibTpa IpeJoTBpaliaeT Majble NU3MEHEHU MT0JI0CHI ITPO-
MyCKaHUsI, KOTOPbIe MOTJIH ObI 3arJIyIIUTh UMEIOTIIIICS PA3HOCTHBIN CUTHAJ. 3a TIPO-
IIE/IIIIAE TO/IbI CYOBEKTUBUCTBI [IAJKE HE MBITAINUCH KAK-HUOY/[b OTBETUTD HA ITOT IKC-
TICPUMECHT.

MoncTpoiika N
BEpXHei 4acToTbl Moactpoiika
cpesa hunsTpa HUXHE 4acTOTbl

cpesa punstpa

TecTupyembiii
YCUAMTENb MOLLHOCTY
(MHBEPTUPYIOLWMIA)

Yeunutens mowHocTn
PasHOCTHOTO CUrHana

Cymmupyowmin
ycunutens

BxoaHown
curnan

Yeunutens
k=20 20xR

BanaHcuposka

n o
amnauTyae! 0/1CTPOViKA yCUTIEHNSi PABHOCTHOTO CUrHana

—
MepeknioyaTens

PeanctueHas
Harpyaka

YpaneHHbIi
AVHAMUK

Puc. 1.3. PasHocthbii Tect Bakcanaanna

o Yeunutens
BxogHow
curHan A
AnHamumk
|: 19 BOCNpOon3BeaeHns
Pa3HOCTHOro cUrHana
MopcTpoiika
YPOBHS cUrHana B

TecTupyemslin
YCUNTENb MOLLHOCTYU
(HenHBepTUPYIOLLWNIA)

Puc. 1.4. PazHoctHbin Tect Xadnepa

Yuporennasi Bepcusi aroro tecra npenioxkena Xadiaepom (Hafler [18]). Otor
MEeTO/T MeHee YYBCTBUTENIEH, HO Oosiee HATTISIZIEH, TaK KaK COAEPIKUT MeHbIIIee KOIde-
CTBO 2JIEKTPOHHBIX KOMITOHEHTOB Ha MYTU TECTUPYeMOro curHaita. Cxema n3MepeHus
nokasaHa Ha puc. 1.4. BugHblii cyGbeKTUBUCT, IIPUCYTCTBOBABLIMIA HA JeMOHCTPALIUU
HTOTO HKCIIEPUMEHTA, OBLIT BRIHYK/IEH 3asBUTH, UTO MCIOJIb30BAaHHBIN TPH TIPOBEICHUN
OIBITa JTaGoPaTOPHbIi HAbOP MepeksoUaTesiell BLI3bIBAET TAKME CUIIbHBIE NCKAXKEHVST
CHWTHAJA, YTO OHU 3aTMEBAIOT JIOObIE NCKAKEHUST B TECTUPYEMOM YCUJTUTENE, OTHAKO,
3TO BPS/] JIX MOKHO CUUTATH CEPHE3HBIM aPTYMEHTOM.

1.5.6. InnHa ayanokaHana

OueBUAHBII TOBOJ IIPOTHB CTOPOHHUKOB CYHIECTBOBAHUST HEU3MEPSIEMBIX ITPUOOpaMU
TAaUHCTBEHHBIX 9(P(MEKTOB B yCUIUTESAX — 3TO TOT (haKT, UTO TIPU 3AITUCH B CTY/IUU CUT-
HaJl IPOXO/UT Yyepe3 MHOTOUHCIIeHHbIe COeIMHEHNS, UMEIOIINeCs B CJIOKHBIX MUKIIIED-
CKUX ITyJIbTaX, IPUYEM HEKOTOPBIE CUTHAJIBI (HAIIPUMeP, BOKAJIbHAS 1TapTus UJIN Bey-
1asi TuTapa) MpoXo/AAT Yepe3 Hero 110 KpakHell Mepe BaKbl: OJMH pa3 IIPU 3allicu
U OJIMH — TIpU cBeieHnu (oHorpamMM. Ecsin 6bI MECTHUECKHE MCKaKEHUs, Ha CyIIe-
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CTBOBAHUU KOTOPBIX HACTAMBAIOT IPUBEPKEHIA CyObEKTUBI3MA, MMM MECTO, TO Ha
CBOEM IIyTH YEPE3 COTHIO YCUINTEIBHBIX SJIEMEHTOB, IE€CATKI KOMMYTaTOPOB ¥ COTHIO
METPOB 00BIYHOIO SKPAHMPOBAHHOTO Kabesist OHU Obl, Ge3yCIOBHO, JOCTUIIIM Obl 3Me-
psIeMBIX YPOBHEH.

1.5.7. Mocnencreus 3abnyxaeHnn

Takoe moJsioxkeHye 7eJ B ay[IHMOTEXHUKE MMEET BeChbMa HENPUSTHbIE IOCJENCTBHUS.
Bo-mepBbIX, MOCKOJIBKY OTCYTCTBYIOT CTPOTHE KPUTEPUH, TI0 KOTOPBIM MOKHO CYAHTh
0 KaueCTBe BBIIIYCKAeMOW MPOAYKIIMH, TO CTPAJAIOT ITPOU3BOIUTEIH, TAK KAK Telepb
B KOHKYPEHTHOW 60ph0e BBIKMBAET HE TOT, Ubsl TIPOLYKIUS JIYUIIlE, & TOT, KTO BHIUTPAT
B JIOTEPEE PEKJIAMHBIX JIO3YHTOB, Tak Kak CyOheKTUBHBIE OI[EHKH HE YIOBJIETBOPSIOT
MIPUHATOMY B HayKe U T€XHUKE KPUTEPUIO MIOBTOPSIEMOCTH, TO KOMMEDPUECKUI yCIIex
CTAaHOBUTCS UTPYIIKON B PyKaxX M3MEHYMBOI MOJIbl. DTO MOKHO TEPIETh B BOIIPOCAX
CTUJIS OZIEK/IBI, HO B jiesie ipousBojcTBa Hi-Fi anmapatypsr ciexyer oxunars 6osee
TEXHUYECKOTO TTOAXO/IA.

Bo-BTOpBIX, OT IIpeTeH3MiT CyOhEKTUBUCTOB CTPAAIOT Pa3pabOTUNKH, TAK KAaK HIUKA-
Kast TEXHUYECKasA N300PeTaTebHOCTD U JOCTUKEHNE XOPOIINX MapaMeTPOB KauecTBa
HE TapaHTHPYIOT GoJiee OJIArOCKJIOHHBIX ITyOJIUKAIUil B MEYaTH, a BECbMa JIOPOTHE
HOBOBBEJIEHUSI TUIIA [TO30JI0YEHHBIX IIPOBOIOB MPUXOAUTCS IIPUMEHSTh TOJBKO KaK
JIaHb MOJIE, TasKe €CJIU MPOEKTUPOBIIUK yOEKIEH B TIOJTHOW OECTIOIE3HOCTH TAKUX HOB-
IIECTB.

B-TpeTbux, pa3 UTHOPUPYIOTCsS OOBEKTHBHBIE 3HAUEHUs MapaMeTPOB KadecTBa
BBITTYCKaeMOH TPOYKITNHU, TO OTKPBIBAETCS IOPOTA 71T TPOU3BO/ICTBA TIJIOXOU ay/I10-
anmapaTypbl. B HemaBHux o63opax ynomuHajcs npeaycuauresnb Counterpoint SA7
CTOUMOCTBIO 795 GYHTOB, IIPH 9TOM MMEIOTHH 3amac 1o meperpyske Bcero 12 1b. [Ipy-
roii npepycunurtens (Burmester 838/846) npu nene 2040 ¢yHTroB nmen 3naueHuve
ATOTO JKe TapameTpa, paBHoe 15 1B, a erte onun (ctonmoctbio 1550 ¢hyHTOB) «xBacTa-
csT» 3HaYeHreM KOa(hDUITMeHTa HeMMHEWHBIX MCKakeHnit B 1% Ha wactore 1 xI'1t. Ere
10 steT Hasaz Takas ycTpallaoias HeJIMHeHHOCTD OTIyTHYJIa Obl okynaTess! ITo rexe
5700 (pyHTOB MOKHO IIPUOOPECTH MOHOOJIOUHBIH YCUIUTEIb, HEJIMHEIHOCTh KOTOPOro
camkena 10 0,3% (Audio Research M100-2). Ho aT0, pasymeercst, He 03HAYAET, YTO
HEJTh3s KyTUTh ayIUOATIapaTypy ¢ JydIIMM 3HaYe€HNEM OCHOBHBIX TTapaMeTPOB Kade-
crBa. Harpumep, Bcero 3a 725 GyHTOB MOKHO TIPHOGPECTU MIPELYCUIIATEND W BBIXO/-
HOU yCUIUTENh € 3aacoM 1o neperpy3ke 31 1B 1 koadduiimenToM HeTMHEMHBIX UCKA-
xkeuuit  0,003% wna uacrore 1kl (Audiolab 8000C/S000P). Kax sBummm,
MapaJioKCATbHOCTh CUTYAI[UU 3aKJIOYAeTCsT B TOM, UTO camas [oporas ammaparypa
HUMeET caMOe HU3KO0e KaueCTBO, BBIPAKEHHOE B 00bEKTHBHOM 3HAUE€HIH OCHOBHBIX TEX-
HUYECKUX XapaKTePUCTHK. S ymaro, 60IBITMHCTBO JIO/IEH, HE3aBUCHUMO OT CBOEH MTPH-
BEPKEHHOCTH W HEMPUATHST CyOBEKTUBU3MA, COTJIACKTCS C TEM, YTO TaKOoe TT0JI0Ke-
HUe Bellleil MOKHO HA3BaTh CTPAHHBIM.

Haxoterr, BbI3bIBaeT GOBIINIE COMHEHVSI HDABCTBEHHASI MTO3UITHST TAK HA3BIBAEMBIX
JKCIIEPTOB, KOTOPBbIE BHYIIAIOT HECTENUAINCTAM — TOTEHIIMAJIbHBIM MOKYTIATESIM
11eJ1eCO06PA3HOCTD MOKYITKU BEChMA J0POTOCTOSAIIEH TEXHUKK ¢ COMHUTEIBHBIM Kade-
CTBOM.
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1.5.8. MpUUMHbLI pacnpocTpaHeHHOCTU 3abNyXaeHU

MoKHO HasBaThb HECKOJBKO IPUYMH TOTO IIOJOKEHHUS s, KOTOPOE CJIOKUIOCH
B obsactu Hi-Fi aymunorexuuku. BeposiTHo, riaBHAsI U3 HUX — 3TO OTHOCUTEJIbHASI
CTOKHOCTH (hOPMATM3ANUHU TIOHSITUSI <«KadyeCTBO 3ByKa». HeBO3MOKHO HApHCOBATH
Ha rpauKe KPUBYO, KOTopast 6bI 00BSICHIIIA, TIOUEMY MbI OILYIIAeM 3BYK Kak OoJjee
WM MeHee TPUATHBI. Kpome Toro, ciyxoBas naMsaTh MeHee JIOJTOBEYHa, YeM 3PH-
TeJIbHAsT: HAMHOTO TIPOIIle BhI3BAaTh MBICJICHHBII 06pas, HallpuMep, JIOHIOHCKOTO aBTO-
Gyca, 4eM BOCIIPOU3BECTHU MO MAMSATH BCE HIOAHCHI 3BYYaHUsI MY3bIKATLHOTO MPOU3-
BeJIEHUSI.

[cuxomoru yske MaBHO TIOATBEPIMIN MHOTOYUCIECHHBIMU 9KCIIEPUMEHTAMHE, YTO
4eI0BEK CKJIOHEH OIIYIATh TO, YTO OH XOUET Oy TUTb, IA’Ke ECJTU ITOTO HET B IEWCTBHU-
TeJbHOCTU. B Hayke maHHbBIH 9(hEKT M3BECTEH MO/ Ha3BaHUEM <«IIPEIBKYIIEHUE 9KC-
HepUMEHTATOpa», W WUCTOPHsS JaeT HAM MHOTOYMCJIEHHBIE TPUMEPHI HEyIaBIIUXCSI
OTKPBITHII 1 PaspylIeHHBIX PEIyTAI[Mil YUEeHBIX, KOTOPbIE B CBOMX OIBITAX HE CMOTJIU
JIOJIKHBIM 00Pa3oM 3alUTUTL ce0s OT KOBAPHOTO BO3AEHCTBUS CBOMX OKUIAHUM.
[TomobHbIil caMooOMaH Haubosiee YyacTo HaOJIIONAeTCs, HAIIPUMED, B OHOJIOTHH, Iie
XOTsI 9KCIIEPUMEHTAJIbHBIE PE3YJIbTaThl U MOTYT OBbITh BBIPAKEHBI B UUCJIOBOM opMe,
HO HET JIOCTATOYHO HAJIEKHOIO MaTEMATHYECKOTO METO/[a X 06pabOTKH, KOTOPBIH Obl
MO3BOJINJI OOBEKTUBHO OIEHUTh HAJMYKe UK OTCYTCTBEE TOTO WM WHOTO 3(deKTa.
Korna efnHCTBEHHBIM CIIOCOOOM OIEHKU PEe3yJbTATOB CTAHOBUTCS CYOBEKTHBHOE
BIIEYATIEHNE O HATUYUHU/OTCYTCTBUHM HEKOETO SIBIEHUs WM, TeM Oojiee, O CTETeHH
MIPOSIBJIEHUST DTOTO sIBJIeHUs (KaK, HATIPUMED, B y:Ke YIIOMUHABIIEMCST onbite ¢ N-Jy-
4aMu, AKOOBI BIUSIONIMMHI Ha SIPKOCTh CBEYECHUS DJEKTPUUECKON JYTH), TO CTpOTast
HayKa yCTyIaeT MecTo (haHTa3MsIM 9KcIiepuMeHTaropa. Tak ke U B IICUXOJOTHH Tpe-
GyeTcst KponoTauBast paboTa 1Mo 06paboTKe CTATUCTUYECKUX PE3YIbTATOB U HOJIBIIOE
KOJIMYECTBO 9KCIIEPUMEHTOB «BCJIEMYI0», YUTOOBI MOKHO OBIJIO, HAKOHEII, ¢ YBEPEHHO-
CTBIO OODBSABUTH O KaKOM-iuG0 OTKpbiTHU. HO Bce MpUBEPKEHIBI CYOHEKTUBU3MA
UTHOPUPYIOT JI0OBIE MEPHI TIPETOCTOPOIKHOCTH, TIPOBOJISI CBOU TaK HA3BIBAEMBIE IKC-
MEPUMEHTBI 110 OIEHKE KauyecTBa 3BYYaHUs ayAuoamniapaTypbl. VI3BeCTHO JIHUIIb
HeGOBIIOE KOJIUYECTBO MOJUKHBIM OOPA30M TIOATOTOBJIEHHBIX HKCIIEPUMEHTOB, HO
B HUX HE yIaJ0Ch OOHAPYKUTH KaKOTO-THO0 3 deKTa, MO3BOISIONIEr0 YTBEPKAATD,
4TO CYUIECTBYIOT T€ TAMHCTBEHHBIE UCKAKEHUS 3BYKa, O KOTOPHIX TaK MHOTO TOBOPSIT
cy6BbeKTUBUCTHI. TakuM 06pa3oM, MOKHO € YBEPEHHOCTBHIO YTBEPK/IATD, YTO HMEHHO
«IPEBKYIIEHNE KCIEPUMEHTATOPOB» ¥ CTAJ0 TOW MPUYUHON, KOTOPAsl JIEKHUT
B OCHOBE CYOBEKTUBI3MA.

ViKe TaBHO MOAMEYEHO, YTO y CYOBEKTUBUCTOB «KAYECTBEHHOE SIBJISIETCS] CHHOHM-
MOM <«JIOPOTOTO». B JIEHCTBUTEILHOCTH TPOTPECC B PAJMOINEKTPOHUKE HE CTOJb
npsimosinieeH. OOBIYHO YCOBEPIIEHCTBOBAHUE ayAHOAIIaPaTyPhl CBA3aHO ¢ M3MEHe-
HUSMHU B TOIOJIOTUU DJIEKTPOHHONW CXEMbI WU € MCIIOJb30BAHUEM TIOJYIIPOBOAHUKA
HOBOTO THIA, a He B TIPMMEHEHUHW 3JEKTPOHHOTO KOMITOHEHTA TOTO K€ THMA, YTO
U paHbIie, HO Gosiee gopororo. Eciii mocTaBuTh B ABUTATEIE ILIATHHOBbBIE OPIITHU, TO
aBTOMOOMIIb He ToefieT ObIcTpee.

ITpoBecTu CTPOTHIA CTATUCTUIECCKUIT aHAIM3 ObLIO OBl TPYAHO, HO, HAa MOU B3TJISI,
3asBJIsieMast CyObEeKTHBUCTAMU OIEHKA ayAHOyCHIUTesNell 6osiee KOPpenupyer ¢ ux
[IEHOH, YeM ¢ KaKUM-JTU60 IPYTHM TTapaMeTPOM.
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Jlpyrast mpuYnHa, KOTOpas MO3BOINIA CYyOLEKTUBU3MY IOCTHYh TAKOW TTOMYJISIPHO-
CTH, 3aKJII0YAETCS B TOM, YTO MHOTHE JIOAN OOSITCS MTPU3HATH, YTO HE OTYIAIOT STKOObI
3aMETHBIX IKCIIEPTAM TEX UJIN UHBIX HIOAHCOB 3BYYAHUS Ay AUOAIIIAPATYPhI, TAK KaK He
XOTST, 9TOOBI MX OOBUHMJIN B OTCYTCTBUU MY3BIKAJBHOTO (MJIM JasKe B HEJIOCTATKE
00BIYHOTIO) CIyXa.

Kpowme Toro, mpakTHuecKkn HEBO3MOKHO BECTH JIUCITYT C TIPUBEPIKEHIIEM CYOHEKTH-
BM3Ma, TaK KaK OH BCETZIA MOJKET 3asiBUTH, YTO T WM WHAST OCOOEHHOCTD MCIOIb3ye-
MOIl B SKCTIEPUMEHTE ay/IMOATINAPaTyPhl MOBIUATA HA PE3YJIbTaT WM 0OCYKAAeMbIit
3 GhEKT CAUTITKOM TOHOK /TSI TOTO, YTOOBI MOAYUHITHCS TPYOOi JIOTHKe KCIIEPUMEH-
taropa. Bo BesikoM ciydae, 10060 37paBOMBICIISIMN HHKeHep Haiiger cebe Goee
MOJIE3HOE 3aHSITHE, YeM BCTYIATh B AUCKYCCHU C OUEPEHON CHOPHOH mybiaukarmeit
CyOBEKTUBUCTOB.

ITpu TakOM TIOTOKEHWH JIe]T HabMIOAeTCs B CBOEM POJIe HHTEJIEKTYaTbHAS HH(IIS-
IT¥s], KOTZIA TIOCTETIEHHO JTOObIe, Taske caMble TUKHe YTBEPKIEHUS HAUNHAIOT BOCTIPH-
HUMAThCS YUTAIOIIEH ayIuTopreil Kak Herpenoxubie Gpaktel. Kpome Toro, cyobexkTn-
BU3M TIOPO#l TOANIEPKUBAIOT CAMHU TTPOU3BOMUTENN AYANOATIIAPATYPHI, TaK KaK OH
BCer/ia MO3BOJIAET, HAIIPUMED, CKa3aTh, YTO HECMOTPSI Ha MJI0X0€ 3HAUEHUE KAKOTO-JI1-
60 06BEKTHBHOTO TIAPAMETPA, CYOHEKTUBHOE KAYECTBO HOBOTO YCUJIUTENST 3aCTy KIBa-
€T BCSTYECKUX MOXBAJ U OTIPABBIBAET €0 BHICOKYIO CTOMMOCTb.

1.5.9. NMepcnekTuBbI

Y4uTbIBasI TOT UMILYJIBC HOIYJISIPHOCTH, KOTOPBIH B AAaHHBII MOMEHT IIUTAaeT TeueHue
cyOBEKTUBU3MA, BPSIZL JI MOKHO YTBEPIKIATH, UTO 9TO HATIPABJIECHHUE UCUE3HET B OJIU-
Kafiem 6yayiiem. McTtopust MOKa3blBaeT HAM, YTO JIFOAU CKJIOHHBI BEPUTH YACTHIM
U HACTOWYMBBIM 3asIBJICHUSIM, He TPeOysT MPeAbsBUTh OOBEKTUBHBIE JOKA3aTEIbCTBA
WX TIPABUJIBHOCTH. 3/1€Ch YMECTHO TIPOBECTU AHAJIOTHUIO C MAPaNCUXOJIOTHEN, KOTopas
BOT y>Ke Ha MTPOTSIKEHNH JI0JTOTO BPEMEHU CYIEeCTBYET Mapajijie;TbHO € TPU3HAHHBIMU
HAyKaMM, TaK KaK BCET/la HAXOAUTCS KTO-HUOY/b, KTO BEPUT B TO, YEMY OH XOYET
BEPUTD, HEB3UPas Ha JIOGBIE OMTPOBEPTAIOIIIE ITY BePy (haKThI.

1.5.10. TexHnyeckne oMBKU

Hesepuble BbIBO/IBI TOPOI paCIIPOCTPAHSIIOTCS U B Jlarepe CTPOTUX TeXHapeil: HeKoTo-
phie 06TIeNPU3HAHHbBIE W TIPOBEPEHHDIE BPEMEHEM YTBEPSKACHUST MOTYT HE BBIIEPKATH
AKCIIEPUMEHTANIbHOM MpoBepku. Hampumep, eciiv Bbl BO3bMETE YCUIUTEIb MOTITHOCTH
kjaacca B u Gyzere yBenmnunBaTh MOCTOSHHBIN TOK, TEKYIIUI Yepe3 TPaH3UCTOPBI, TO
MOCTEMEHHO TIPU/eTe K peskuMy Kiaacca AB. BosbmmHcTBO MHKEHEPOB OYAET yTBED-
KJaTh, YTO WCKAKEHUs CUTHAJA MPU ITOM CHUBSTCS, TaK KAK MbI MPUOIUKAEMCS
K YCUJIUTEJIO Kylacca A, KOTOPBII XapaKkTepuayeTcs MajabiMu uckaxkenusmu. Ho ato Ha
camoM Jiesie He Tak! TIpaBUIbHO HACTPOEHHBIH ycunuTe b Kiaacca AB obiamaer xy-
el JIMHEIHOCThIO M3-3a Pe3KNX N3MeHeHNH K0ahGUIeHTa yCUIeHWS TP TIePeKITI0-
YeHMSIX PEeKUMA U3 Kiacca B B Kace A, TPOMCXOSIINX HA KAKIOM ITHKIIE €70 PAOOTHL.

TosbKo HETAaBHO CTAI0 BO3MOKHBIM M3MepeHNe 04eHb MaJIbIX 3HaYeHH Koadduiiien-
Ta HeJIMHEHBIX NCKAKEHMIT, GJ1aroiapst 4eMy yIaioch BBISIBUTH yKkasHbIl apdext. Cepbes-
HBIl PaspabOTUMK AyMOAIIIAPATYPbI JOJUKEH CTPEMUTCSI K YMEHBIIEHUIO BEJIMYUHBI
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HEJIMHEHHBIX UCKAKEHUH, MMEHHO 9TOT HapaMeTp SBJISAETCS 00beKTUBHBIM KPUTEPU-
€M, TI0 KOTOPOMY MOKHO OI[€HUTH KaueCTBO 3BYKOBOCIIPOM3BEICHMSI.

B pesyiibrare He3HAUNTEAbHBIX MOAUGDUKALI YCUIUTEIS, paOOTAIOIETO B PEKIME
KiIacca B, ymamoch CHU3UTH BETMYNHY HEJTMHENHBIX MCKAKEHWI 0 YPOBHS IIYMOB
B ycuuuteste, To ecth 10 3navennii 0,0005-0,0008%.

1.6. MokasaTtenun KavyecTBa ayanoycunutenen

ITpuBesenHublil 31eCh Nepededb apaMeTpPOB OTpaskaeT B3IVIA/AbI aBTOPA Ha IIpolece
MIPOEKTUPOBaHUS 3BYKOBOCIIPOU3BO/ISIIEH arapaTypbl U HU B KOeil Mepe He sBJIsIeTcsl
MEXK/LyHAPOIHBIM CTaH/IaPTOM OLIEHKU KayecTBa yCUINUTesei.

1.6.1. Be3onacHocTb

Aynuoaraparypa 10JukHa ObITh 6€30MIACHON B UCTIO/Ib30BaHUM. Te, KOMY HE[OCTAaTOU-
HO 9THYECKUX COOOPAsKEHUT IS COOIOEHNUST TAHHOTO TIPUHITNTIA, TOJIKHBI TOMHUTD,
YTO BCETO JIUIITh OJ[UH CEPhE3HBIH CyIeOHBIN MPOIECC MOKET HABCET/IA TOCTABUTH KPECT
Ha IIpeyclieBaoniell KOMIaHUU.

1.6.2. HapexHocTtb

JI10601# TIPOM3BOMUTEND MOTKEH CTPEMHUTHCS K TOMY, YTOOBI €70 POAYKIUs paboTaia
Hajexkto. Crelyer mpU3HaTh, 4TO OONBITMHCTBO AYANOYCUIUTENEH, 0COOEHHO CaMble
MOIIIHBIE W3 HUX, YCTYTHAOT B OTHOIIEHNN HAAEKHOCTH APYTUM HU3/ETUSM 3JeKTPOH-
Hoi rexauky. CaMoii HU3KOI HalleKHOCThIO caaButcs anmaparypa Hi-End.

1.6.3. BbIxogHasi MOLLHOCTb

[Tpu paspaboTKe KOMMEPUYECKOIT anmapaTypbl 3HAYEHIE STOTO TapaMeTpa BEIOUPAET He
caM TIPOEKTUPOBINUK, a ofies MapkeTunra. CienyeT MOMHUTD, YTO MIPU YBEJIUMYEHUU
BBIXO/IHOM MOTITHOCTH CTOMMOCTD YCUJIMTEJISI BO3PACTAET HEMPOIOPIIUOHAIBHO. [leo
B TOM, UTO [IPU JTOCTUKEHUU OTIPE/IEIEHHOrO0 IIPeiesia TPAH3UCTOPbI BBIXOAHOTO KACKa-
JIa yKe He MOTYT 00eCTIeunTh paccenBaHie HeOOXOAUMOTT TEIIIOBOH MOIIHOCTH U Tpe-
OyeTcst mapaJiieJlbHOE BKIIOUEHUE IBYX TPAH3UCTOPOB, UTO U JIAET CKAUOK YBETUIEHIST
CTOMMOCTH BCETO YCTPOUCTBA.

JlomaliiHue ayIuoyCuInTe M OOBIYHO UMEIOT BBIXOIHYIO MOIIHOCTD B TIPEIeaax OT
20 o 150 Br (npu pabore Ha Harpysky 8 OM), XOTs1 BCTpevaiorcst 1 60jiee MOIIHBIE,
I'poMKOTOBOPSIIIE CHICTEMBI OTIOBEIEHNS U CTYAMITHbIE YCUIUTEIN TMEIOT MOIITHOCTh
ot 50 Bt (cucrembl ¢ HEGOMBIIOH MOIHOCTHIO YACTO MCIOJIB3YIOTCS, YTOOBI YCUIIU-
BaTh 3BYK JJIsI MCIOJHUTENEH, Haxoaamuxcs Ha cuere) 1o 1 kBt wiun Gonee. Ycunu-
TEeJIW, UMEIONINEe TPeIebHO BBICOKOE 3HAYEHWE BBIXOHOU MOIIHOCTH, HE CJIUIIKOM
HOMYJISIPHBI KaK M0 9KOHOMHYECKUM COOOPaKeHUSAM, TaK M 10 NPUYUHE HU3KOIL
HaJIEKHOCTH.

Eciu mpu pabore Ha Harpysky comporupienuem 8 OM ycuauresib 00eciednBaer
BBIXOZHYIO MOIITHOCTD, HantpuMep, 180 BT, To npu cHIDKEHIN COMPOTUBIEHUST HATPY3-
KU B JIBa pa3a, TO ecThb 10 4 OM, BBIXOJHAS MOITHOCTh YBEJIUYHUTCS, HO BCETO JIUIIb
B KOpPEHb U3 [IBYX pa3, U cTaHeT paBHoi npumepHo 260 Br. [Ipu cHuxxennu conpoTus-
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JieHust Harpy3ku 10 2 OM BBIXO[HASI MOITHOCTD yBesauuutces 10 350 Br, koneuno, eciin
YCUJIUTENb BOOOIIE CMOKET paboTaTh MPHU CTOJb MAJIOM COIPOTUBJIEHUN HArpPy3KH.
Pasymeetcst, a1 upbl MPpUGIU3UTETBHBI, MHOTOE 3aBUCUT OT KOHCTPYKIIUM MCTOY-
HUKA MMATAHUS.

B Gombmmncrse Hi-Fi yeunuTesell ycTaHaBIMBAIOTCSA 3BYKOBbIE JUHAMUKH C BHY-
TpeHHUM cornporusieHreM 8 Om. Cieayer IIOMHUTH, YTO OOLIMIT UMIIEAAHC JIIOOOI
aKyCTUYECKON KOJIOHKM 3aBHCUT OT YaCTOTBI CHTHasa (TOJBKO PE3WCTUBHAS COCTA-
BJISIIOIAS ¢J1ab0 3aBUCUT OT ATOTO MapaMerpa), TOITOMY JAMHAMHUK ¢ HOMUHAIBHBIM
conporusiieEreM 8 OM Ha HEKOTOPBIX YaCTOTHBIX IUAMIA30HAX MOKET UMETh COTIPOTUB-
sienne Bcero 6 Om. IloaToMy BBIXO/HBIE TTapaMeTPbl MHOTUX YCUJIUTENEC U3MEPSIOTCS
[IPU IBYX CTAHIAPTHBIX 3HAYEHUSIX COIPOTUBJICHHs Harpysku (00bruHO 8 u 4 Om).
[TonbiTky obeciieynTh paboTy ycuuanuTesis Ha 6ojiee HU3KOOMHYIO HArPY3KY CBSI3aHbI CO
3HAYMTENHHBIM YAOPOKAHUEM CXEMBI, TAK KaK CTPEOYIOT CIeNNaTbHBIX Mep TI0 obectie-
YEHUIO JOMOJHUTEIBHOM MOIHOCTH HUCTOYHUKA MUTAHUS W yBeJUYeHUs] TabapuToOB
OXJIKJAIONUX PAIUATOPOB.

[TpoeKTUPOBIMUKY CJiefyeT TOMHUTD, YTO /I YBEJUYEHUS] 3BYKOBOTO NTABJICHHUS,
[IPOU3BOUMOrO aKyCTUYECKUMU KOJIOHKaMU, TPEOYETCsI yBeIUYeHEe IEKTPUIECKON
MOII[HOCTH YCUJIUTEJIS, 110 KpaiiHell Mepe, B ueTbIpe pa3a, HO 9TO He 03HayaeT, 4To B /[Ba
pasa yBEJMUYUTHCS U CyObEeKTHBHASI TPOMKOCTH 3ByKa. VccienoBanus xapakrepa 4yB-
CTBUTEJIBHOCTH Y€JIOBEYECKOTO yXa I0Ka3aid, YTO IS JIBYKPATHOTO YyBeJUYEHUS
cyOBEKTUBHOU TPOMKOCTH 3BYKa TpeGyeTCst yBeIMyeHne 3ByKOBOTO IaBJIeHuUs He Ha 6,
ana 10 ab, cienoBaTesbHO, COOTBETCTBYIOIIEE YBEJIMYEHUE BBIXOIHONW MOIIHOCTH yCH-
JIUTENST TOJKHO OBITh HE YeThIpex-, a gecstukpaTHbiM! [22] TlosTomy yBenuveHue
ANIEKTPUYECKON MOIITHOCTH ycuiuTesist ¢ 25 1o 30 Bt Bpsiz i 3aMeTHO HA CIIyX.

Ho aro He 3HauuT, 4TO Majoe MOBBIIIEHNE MOIIHOCTH HE UMEET CMBICJA, Be/lb 9TO
JIAeT YCUJIUTEJTIO IOTTOJHUTETHHBIN 3a11ac IMPOYHOCTH.

Hexkotopble aKcIiepTsl yaeasioT GoJIbIloe BHUMAHIE TTMKOBOMY 3HAYEHUIO BBIXOJI-
HOM MOIIHOCTH, KOTOPYIO CIIOCOOEH 00€CTIeUNTh YCUIUTEh B TeUeHNE KOPOTKOTO MPO-
MeKyTKa BpeMeHU. PazymeeTcs, HECTIOKHO MPUAYMATh TECTOBbIE CUTHAJIBI CHIEITNAb-
HOU (OpMBI, 11 KayecTBEHHOI'O BOCIIPOU3BEACHUSI KOTOPBIX YCUJIMTENb J0JDKEH
BBIJIEPKUBATD OOJIBIINE 3HAYEHNS BBIXOJHOTO TOKA, HO TIOKA YTO OTCYTCTBYIOT JOCTA-
TOYHO BECKHeE JI0BOJIBI B 110JIb3Y TOTO, YTO YBEJUYEHNE IIMKOBOM BBIXOIHOM MOIIHOCTH
0becrieurBaeT 3aMeTHOE TIOBBIIIEHE KaueCTBa 3By YaHUsI.

1.6.4. YacToTHas XxapakTepucTuka

OO1enpusHaHO, YTO M0JI0Ca BOCIPOU3BOAUMBIX YACTOT 3BYKOBOTO YCUJIUTEIS JOJIKHA
sexartb B auanasoHe ot 20 T go 20 kI ¢ HepaBHoMepHOCTbIO He Gosee £0,5 1B.
JlonoiHuTe IbHbIE MMKK Ha YaCTOTHON XapaKTePUCTUKE Ha IIPaBOi IpaHMIle AUaraso-
Ha TIepejl ee criagoM 0e3yCJIOBHO BPEAHBI, TaK KaK YXYANIAIOT CTabUIbHOCTD YCHIUTE-
JIZI Ha BBICOKHMX 4HaCTOTax. BTO HE€ OTHOCUTCA K JIaMIIOBbIM YCHJIUTEJIAM, B KOTOPbBIX
M3-32 OTHOCHUTEJIBHO Y3KOM TOJIOCHI TIPOITYCKaHUsI BBIXOAHOTO TpaHchopMaTopa Jaxke
HermyboKast oTpuIlaTeibHast 0OpaTHasi CBsI3b MPUBOAUT K MOSIBJIEHUIO HA 4aCTOTHOU
XapaKTePUCTUKE BCILIECKOB 110 00€ CTOPOHBI YaCTOTHOTO AnanasoHa. HukHsasa yacro-
Ta, KOTOPYIO MOTYT BOCIIPOU3BOJAUTH KOMIIAKT-AUCKH, TMTPAKTUYECCKN HE OrpaHNYECHA,
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MTO3TOMY BIIOJIHE JOCTYKUMBI 3HaveHus 10 nmm gaxke 5 ', OgHako ciefyer MOMHUTD,
YTO HM OJIMH TPOMKOTOBOPUTEJIb HE CMOJKET BOCIIPOM3BECTU CUTHAJ WH(MPAHU3KOU
YaCTOTBL.

1.6.5. Lymbl

YpoBeHb IIyMa YCUIUTES JOJLKEH ObITh KaK MOJKHO OoJiee HU3KUM, Pa3yMeeTcs, He
B yiiep0 ApyruM mapamerpaM KadectBa. JlaHHbIN MOKa3aTeslb 0COGEHHO BaKeH HPH
paboTe yCUIUTENS B TOMENEHNH ¢ HU3KUM YPOBHEM TTOCTOPOHHUX TITyMOB [23].

1.6.6. HennHenHble NcKaxxeHns

Puckysa noBroputbcs, HanoMHIO elle pa3: KOA(POUIMEHT HEJUHEUHBIX MCKAKEHUH
YCUTUTEIS IOJIKEH OBITh Kak MOJKHO Huke! Koe-KTo cumTaer, 4to NCKaKeHUs HEKOTOPO-
rO TUIIA YKPAIIAIOT 3BYYaHWE MY3bIKAJLHOTO IPOU3BENEHNS, HO B 3TOW KHUTE MbI He
OyeM 00CYKIaTh BCAKUE [IYIIOCTH BPOJIE 3JIEKTPOHHBIX IIPUCTABOK ISt 3JIEKTPOTHTAPBL.

A Hazmeroch, YTO METOAWKHU TPOEKTUPOBAHWS, TIPUBEICHHBIE B KHUTE, OKAKYTCS
[IOJIE3HBIMU JJIS BCeX PaspaboTunkoB ayauoycuiureseil. Kpome camux ycuaureseit
MOIIIHOCTH, MbI 00CY/IMM TaKsKe TIPEAYCUIUTEN Ha TUCKPETHBIX KOMIIOHEHTaxX (TJIaB-
HBIM 06Pa30M Ha OCHOBE OIepPALMOHHbIX yeuauTesel [24]), a Takke 0CTAaHOBUMCS Ha
HEKOTOPBIX BOTIPOCAX, CBSI3aHHBIX CO CTATUIECKUMHU U IMHAMUYECKUMU UCKAKEHUSIMH.

Besze Mbl OyzieM cunTarb, 4TO reHepaiys Ha Boixoge Y M3Y rapMoHUK ycuinBae-
MOTO CUTHAJIa — 9TO 3JI0, & TeHepaIys TADMOHUK BBICOKOTO TIOPSI/IKA — XY/IIIee 13 3071.
[IpunsTo cunTaTh, 4TO #1-if FTAPMOHUKE MOYKHO IPUTTUCATH KOIDbuimenT 7’ /4, KOTOpbIi
OBl yUUTHIBAJI €€ HEraTHMBHOE BO3JIEHCTBIE Ha KauecTBO 3Bydanus [25]. Tak, nanpumep,
€CJIM aMILJIUTY/Ia TPEThell TADMOHUKH PaBHA aMIIUTY e BTOPOH, TO ee OTPUIIATEbHOE
BJIMSTHIE Ha caMoM Jiesie B 9 / 4 = 2,25 pa3 HelpusiTHee CKa3bIBAETCS HA 3BYYaHUH YCU-
JINTEJIST; 1711 YeTBEPTON TapMOHUKHU 3TOT KoaddutnenT paBen 16 /4 = 4 u T.1. [loato-
MY SICHO, UTO JIaske HeOOIBIION YPOBEHb TADMOHUK BBICOKOTO TIOPSIIKA BIE€UET 32 cOOOI
BechbMa 3aMETHOE yXy/IIIIeHNe Ka4yecTBa 3BYKa.

[Tudposbie cHCTEMBI 3BYKO3AIlMCH B HACTOSIIEE BPEMS 3alPOCTO 0OECTIEUUBAIOT
BOCITPOM3BE/IEHNE CUTHAJMA CO 3HaUYeHWeM KOoa((UIMeHTa HeJUHEWHBIX UCKAKeHUH,
pasubim 0,002% 1 MeHee, U sT MOTY CO BCEH MCKPEHHOCTBIO MMOPYYUTHCS 32 TO, YTO Pas-
paboTYMKK aHAJOrOBOM alapaTypbl IPUIAraioT HeMMOBEPHbIE YCUJIMS, YTOObI yaep-
JKaTh 3HAUEHUE 3TOTO MapaMeTpa MPUMEPHO Ha TOM K€ YPOBHE.

Pasywmeercst, s He Oyay yTBep:xaaTh, uto yeuaureab ¢ KHU, pasubiv 0,001%, obec-
[MeYBAET 3aMETHOE TIOBBINIEHNE KAaYecTBA 3BYy4YaHUS 110 CPABHEHUIO C YCUJIUTEJIEM,
nmerommM KHU, pasubiii 0,002%. Onnako, eciu umeercs Xots Obl Majieiiiee coMmHe-
HUe B KAYeCTBE 3BYKa, OMUCAHHBIE B ATOM KHUTE METOJIUKH IIPOEKTUPOBAHUS TO3BOJISIT
YMEHBIINTh 3HaYeHHe KOd(MUIMEHTa HeJUHENHBIX NCKaKeHUH 10 JIF0O0T0 pasyMHO-
TO YPOBHSI.

HexoTopbie akcnepTsl yTBEPK/IAIOT, YTO CTpeMJyieHre K Hu3komy 3HadeHuio KHU
BPE/IHO CKa3bIBAETCS HA KauecTBe ycuntess. OCHOBHOMN apryMeHT, KOTOPbBIN OHU TIPU-
BOJISIT B JIOKA3aTEJbCTBO ATOTO YTBEPIKAEHUS, 3aKII0YAETCS B TOM, YTO HU3KO€E 3HAYe-
Hue Koo dUIMEHTa HeTMHEWHBIX UCKAKEHU 00BIYHO JOCTUTAETCS C TIOMOIIBIO KOH-
Typa 00miell oTpuiarenbHON 06patHO cBsisu, HO npu riaybokoit OOC Ttpebyercst
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KOMITIEHCAIMSI OCHOBHOTO TIOJTIOCA, YTO, B CBOIO OYepe/lb, TPUBOAUT K YXYANIEHUIO
JINHAMWYECKUX XapaKTePUCTUK ycuutesiss. OUeBUIHbIN U3bsIH B 3TOM yTBEPIKIEHUU
CBsi3aH ¢ TeM (haKTOM, 4TO B pe3yJibTaTe Takoit Komrencaruu OOC cTaHOBUTCS yiKe He
Takoi Ty6oKoii, moatomy sHaueHre KHU BosBpalaeTcst K CBOEMY TPEKHEMY BBICO-
KOMY YPOBHIO, a MaKCHMaJbHasi CKOPOCTh HapacTaHHUsI CUTHAIAa CTAHOBUTCS PaBHOMN
HECKOJIBKM BOJIbTaM B HEJEJIIO.

Mie Kaxercst, pa3pabOTUUK MoJIy4aeT 0cob0e 9CTETUIECKOE YIOBIETBOPEHIE, €CJIU
€ro JIeTUIIEe OKa3bIBaeTCd KaK MOYKHO OoJsiee JIMHEHHBIM M OKa3bIBaeTCs CIOCOOHBIM
BOCIIPOMBBOAUTDH CUTHAJ ¢ MAKCUMAJIbHON BepHOCThIO. TeM GoJiee, 4TO GOIBUIMHCTBO
METOJIOB YJIY4ILIeHUs JUHEHHOCTH, OIIMCAHHBIX B 9TOI KHITE, He CBA3AHbI ¢ 6OJIbLUINMU
3aTparaMi (3a UCKJOYeHNEeM pa3Be UTO TOJIbKO yCUIUTeN el Kiaacca A).

1.6.7. Demn¢gupoBaHne

JIroboit ayaroycuanTeib, 3a 04eHb HEOOIbINM UCKIoueHreM [26], MOKHO TIpUOJIH-
JKEHHO TIPE/CTaBUTh KaK WJICAJIbHBIM MCTOYHWK HAINPSLKEHUS, TO €CThb B TIpefiesiax
JMarna3oHa pabovYrX YaCTOT €r0 BHIXOIHOW MMIIEJAHC CTPEMUTCS K HYJI0. B pesybra-
Te M3MEHEHUE COTIPOTUBJICHUS HATPY3KH TIPAKTUIECKHU HE CKa3bIBAETCsI Ha paboTe ycu-
JIUTEJIsI, B TOM YHCJIE HA HETO He OKa3bIBAIOT BJIUSHIE KOJICOAHUST NMITE/IAHCA TPOMKO-
TOBOPUTEJIST TIPU M3MEHEHNH 4acTOThI BBIXOIHOTO cuTHasma. KpoMe Toro, oueHb Majoe
BBIXO/IHOE COITPOTHUBJICHIE TIO3BOJISIET CIBUHYTH YACTOTY PE30HAHCA B CUCTEME «BBIXO/T
YCUJIUTEJIS — aKyCTHYeCKHe KOJIOHKU».

Jlist Toro 4TOoOBl YCUJIUTETh WMEJT OYeHb HU3KOE BBIXOJHOE COIPOTUBJICHHE,
UCTIOJIB3YIOT TIYOOKYIO OTPUIATEIBHYIO 06paTHyIo cBsi3b. (IHTEPECHO 3aMETHTB, YTO
[IPY Pa3yMHOM 10A00Pe TIyOMHBI 0OPATHOMN CBSI3U 11O TOKY U 110 HAMPSIAKEHIIO MOKHO
JIOOUTBCSE IaKe TOTO, YTOOBI BHIXOAHOM UMIIEJIAHC YCUIUTESA CTaJd OTPUIATEIbHBIM.
IT0 GyJeT 03HAYATH, UTO YBEJUUEHIE COTIPOTUBIIECHNS HATPY3KH IIPUBOAUT K YBEJIUUE-
HUIO HAIPSUKEHUs BBIXOJHOTO CUTHAJA, a HE K YMEHBIIEHWIO, KaK 3TO ObIBAeT IpU
OOBIYHBIX — TIOJOKUTETBHBIX — 3HAYEHUSAX BBIXOHOTO COMPOTHBJIECHUS YCHUJIUTES.
Ho o6eruno takue tpioku mpu npoektupoanuu Y M3Y He HysKHbL.) B mosrympoBogHu-
KOBBIX YCUJIMTENSIX OY€Hb YACTO UCIIOJB3YIOTCSI MECTHBIE U OOIIie OTPHUIlATETbHbIE
oOpaTHbIE CBSI3H; YTO KAacaeTcs JIAMITOBBIX ycuimtesei, To B Hux OC mpuMeHSoT
penKo.

Koappuyuenm demnpuposanus onpenensiercss Kak OTHOIIEHUE COTPOTUBICHSI
Harpy3KH K BbIXOJIHOMY UMIIE/IAHCY YCUJINTEJIST:

D=Ry,/R,,

OO0BIYHO BBIXOAHOE COIPOTUBJEHKE IOJYIPOBOAHUKOBBIX YCHJIMTEJIEH PaBHO
0,05 Owm, B pesysibrare mpu paboTe Ha HATpy3Ky comnpoTuBaeHreM 8 OM KoabduImeHT
nemiupoBanust okasbiBaeTcst paBHbIM 160. 3/ech Mbl HE YYUTBIBAEM TOTO, 4TO, KaK
MIPaBUJIO, BBIXOHOE CONPOTHUBJIEHWE YCUJIUTENS 3aMETHO HM3MEHSIETCS B TIpefieiax
pabouero amMamasoHa 4acToT. IIpW yBelIMYeHHHM YaCTOTHI YCHJIMBAEMOTO CHUTHAJIA
BBIXO/IHOE CONTPOTUBJIEHUE TAKKE YBEJUINUBAETCS M3-32 TOTO, YTO YMEHBINAETCS BITHSI-
HUe OTPULATENbHON 0OpaTHOil ¢BsA3H. VI3 9TOr0 MOMKHO 3aK/IIOYMTh, YTO BBIXOAHON
UMIIeJAHC ayAuyCUINTeNs BeleT ceba mogo0Ho MHAYKTUBHOCTH. TlocaeqoBaTebHOe
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coeJMHEHIe 9TONH MHAYKTHMBHOCTH C €MKOCTHOH HArpy3KOil BBI3BIBAET MPOOJIEMBI,
€ KOTOPBIME HaM €IIl€ MTPEACTOUT GOPOTHCSI.

Pe3onancHbIe SIBJEHUS B aKyCTUYECKUX KOJIOHKAX 3aBUCST OT MTOJTHOTO COITPOTHUB-
JIEHWs BBIXOHOM 1enu. Ecau npeHe6peub mepekpecTHBIMU 3 GeKTaMu B MHOTO3JI-
e€MEHTHBIX aKyCTHYECKUX CHCTEMax, 3TO TOJHOE CONMPOTHUBJIEHUE CKJIIAbIBAETCS W3
BHYTPEHHET0 COIPOTUBJIEHHSI OOMOTKH JUHAMUYECKOI TOJIOBKH, COIPOTHUBJIEHMS
COEINHUTENHFHOTO KabeJisT M, HAKOHEIl, BHIXOJHOTO MMITEIAHCA CAMOTO YCHJIUTEJIS.
3HaueHUA HTUX IOCIEA0BATEIHHO BKIOUEHHBIX COIPOTUBIEHUIA OOBIYHO COCTABJIS-
10T coorBercTBeHHO 7 OM, 0,5 OM 1 0,05 OM. Takum 06pasoM, BBIXOAHOE CONPOTUB-
JIEHWEe YCUJIUTEJISI COCTABJISIET OT 3TOM cyMMbl Bcero 0,67%, TOSTOMY €ro BIMSHUEM
Ha MOJKJIIOUEHHYIO K HEMY aKyCTHUYECKYIO CHCTEMY MOKHO MpeHeOpeyb.

Hamnporus, B JIaMIIOBBIX YCUJIUTENSX BbIXOIHOE COIPOTUBJIEHME OOBIYHO BEJUKO
(3T0 0OBSICHAETCS OTCYTCTBUEM MU Masio riry6bunoit orpuiarenbroit OC). O6buHOE
3HAaYeHUe BBIXOMHOTO MMITEIAHCA JIAMITOBBIX ycusuresel coctasisiet 0,5 Om. Bupo-
YeM, HEKOTOPbIE IOJIYITPOBOJHUKOBbIE YCUJUTETU TaKKe MOTYT UMETh BBICOKOE
BBIXOHOE COIpPOTUBJeHUE (cM., Hampumep, paspaborky Oubirepa (Olsher [27]),
umerontyio R = 0,6 Om, 4TO 0CTATOUHO BEJUKO JIJISI TIOJYIIPOBOJIHUKOBOTO YCUJIH-
TeJs).

Bompoc 0 pazymHOoM BbIGOpe 3HaYeHUsST KOa(duimeHTa aeMiprupoBaHust ObLI 9KC-
nepuMeHTabHo ucciaenosan [xeiitmcom Moiipom (James Moir) emte 8 1950 romy [28],
HO 9TO He MeEIIaeT IIEPUOAMIeCKOMY BOSHUKHOBEHUIO PA3JHUYHbBIX [e0ATOB 10 3TOMY
BOIIPOCY.

EnvHcTBeHHAS TPUYMHA, KOTOPast B KAaKOI-TO Mepe OMPaB/bIBAET CTPEMIIEHNE Pa3-
pabOTYMKOB K JOCTUKEHMIO IPe[eJbHO HU3KMX 3HAUEHMIl BBIXOAHOTO COIPOTHUBJIE-
HUS ycuauTesell (4To, HAZO CKa3aTh, HUKOMY He MPUYMHSET Bpela), — 3TO UTpa
B MarnuyecKue YKCJia, KOTOPbIE 3aCTaBIISAET MOTEHIIMATBHOTO MOKYIIATESI BEPUTH B TO,
qTO GOJIBIIEe WM MeHbIlee 3HAYeHHe KAKHX-THO0 TEXHHYECKHX NapaMeTpoB Ieii-
CTBUTEJIBHO [00aBJISIET KauecTBa K mprobpeTaeMoil uM ammaparype. Ha camom zene
BPSZ I KTO-HUOYAb CMOKET OTJIMYUTh KA4eCTBO 3BYYaHUSI yCUIUTEs, UMEIOIIEr0O
ko3 unmenT nemndupoBanus, paBHbiii 100, OT aHATOTMYHOTO YCUIUTENS, Y KOTO-
poro stot napametp gocturaet 2000. Bripouem, MbI ellle BepHeMCsI K 9TOMY BOIIPOCY
B ryase 7.

BBIX

1.6.8. AbconioTHas dasa

Jebarsi 110 oBOLY abCOMOTHON (Dasbl B T€YEHHE JOITOr0 BpeMeHH Oyaopakuin 0ba
Jlarepst ayAM03KCIEPTOB. JTO IIOHATHE 03HAYAET, YTO Ha BCEH MPOTSIKEHHOCTH 3BYKO-
BOTO TPaKTa — OT MUKPO(OHA 10 TPOMKOTOBOPUTENS — COXpaHseTcs (asa CUTHAJA, TaK
4TO HOJIOKUTENBHBIN 3BYKOBOI BCILIECK, KOTOPDIH MOCHLIAET UCIOJIHUTEND CO CLIEHDI
B ayINTOPUIO, COOTBETCTBYET MOJIOKHUTENBHON MOIAPHOCTH 3BYKOBOTO [aBJICHHSL, TIPO-
MU3BOIMMOTO KOJIOHKaMu. VI3BECTHO, YTO HEPBHbIE MMITYJIbChI, TeHEPUPYEMBIE YXOM
YeJI0BEKa, BOCIIPOM3BOAAT IIEPUOANYHOCTD KoTebaHuil Ha JOCTaTOYHO HU3KHUX 4acTO-
TaX, 1 4YEJIOBEK MOJKET pPa3jndaTb MOMEHTDI ITOBBIMNECHUA WJIN ITOHUKEHUA TaBJICHUA.
Vimenno a1oT akT, KaKk MOXKET [I0Ka3aThCs BHAavaJje, TpeOyeT coXpaHeHus abCoJIIoT-
HOM (hasbl IPH YCUJIEHUH 3BYKOBOTO CUTHAJIA.
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Ho 3zmech He Bee Tak sicHo. Hanpumep, 1i1st 6apabaHa cUTyanus IIpocTa: Bbl yIapaIn
[0 HEMY U ero MeMOpaHa Havajia KosebaTeIbHble IBYKEHsI, BHAYAJIE OTKJIOHUBIIICH
B CTOPOHY, IIPOTHBOIIOJIOKHYIO BallleMy yXY, B Pe3yJIbTaTe PaCIPOCTPAHUB BOKPYT CHA-
Yajia BOJTHY Pa3peKeHusi, a TOJTBKO MOTOM — CKaThs. A Tereph MojymMaiiTe, Kak HacueT
ajekTporutapbl? Kakas mociezoBaTeIbHOCTD PACCYKIAEHHH TOKHA YKa3aTh HAM TIpa-
BUJIBHOE HalIPaBJIEHKE JABUKEHIS MeMOPaHbl IPOMKOIOBOPUTEIST, KOTOPOe OBl CMOIJIO
nepegaTh abCOMIOTHYIO (ha3y CUrHAJIA, U3JaBAeMOTo KoJebJmomieiics ctpynoii? Iloaro-
MY I CUMTAIO, YTO COXpaHeHue abCOMIOTHON (ashl CUTHAIA — He Ta Bellb, KOTOPas JOJI-
JKHa 3a00TUTh Pa3paboOTUMKA YCUIUTENEH, IPeHA3HAYEHHBIX JIJIsT PabOThI € 3JIEKTPO-
TUTapaMu.

Curyanus eie 60Jiee YCIOKHIETCS, €CTM PEYb HIET O BOCIIPOU3BEICHUHN 3BYYaHIS
Cpa3y HECKOJbKUX MY3bIKaJbHBIX MHCTPYMEHTOB. Pasymeercs, Bpsil i1 KTO-HUOYZb
OCMEJIUTCSI YTBEPKIATh, YTO JIBA UCIIOJHUTENSI CMOTYT TaK CUHXPOHHO YAApsITh 10O
cTpyHaM, 4TOObI BCe OHU Kosiebannch CHH(Aa3HO.

B nocsennnx paborax, mocBsiieHHbIX 910l Teme [29, 30], mokasbIBaeTCsI, 4TO yXO
YeJIoBeKa AEHCTBUTEIBHO MOKET Pa3InIUTh aGCOTIOTHYIO (has3y yCUIMBAEMOTO CUTHA-
sa. OIHOTOHAJIBHBIN CUTHAJI, 36PKAJIBHO OTpaskeHHbIN (11 caBura (assl Ha 180 rpa-
JIyCOB), TIPU B3aUMOJICHCTBUU C MCXOJHBIM 3BYKOM POKIAET OCTPOKOHEYHBIN CUTHAJ
HECUMMETPUYHON (HOPMBI, KOTOPBII BOCIPUHUMAETCS YETOBEKOM KaK PE3KUIN MPHU3-
BYK, B pe3yJIbTaTe U3MEHSETCS TeMOD MCXOAHOTO 3ByKa. OCOOEHHO YETKO 9TO 3aMETHO
mpu MOHOGOHUYECKOM Bocmipon3BesieHnn. OIHAKO /IS CJIOKHBIX 3BYKOB, HAIlPUMeED
7SI My3BIKaIbHOTO aHcaMOJIs1, OIUCcaHHbIi 3¢ (EKT He 3aMeTeH Ha CIIyX.

Tompko HeaBHO HAYAMN BBIXOAUTD CTAHAAPTHI [31], B KOTOPBIX yIIOMUHAETCS TTPO-
GsiemMa coxpanenus abcooTHol (asbl. HezaBucHMO OT TOrO, BasKHO JIM 9TO JJIst IIOBbI-
[IEHUs KayecTBAa 3BYYaHMS WU HeET, JI0O60MY paspabOTUUKy ayIaMOYCHJIUTENIEH He
COCTaBJIsIET OOJIBIIIOTO TPY/Ia COXPAHUTH AOCOMIOTHYO (ha3y YCUIMBAEMOTO cUrHaia (KyAa
GoJlee CI0KHOM SABJSIETCS Ta e IpobiieMa B MUKIIEPCKUX IIyJIbTaX, rae 0ojiee COTHU
BXO/IOB U BBIXO/[OB, CUTHAJIbI HA KOTOPBIX 00s13aHBI OBITH CHH(DA3HBIMU IPH JTIF000# BO3-
MOXHOI KoHpuryparun). QakTuuecku, 1axe He CO3HABas 9TOH IIPOOJIEMBI, MHOTHE
PaspabOTUUKN ayAUOYCUINTEIEH BHIMOJHIIOT TpeOOBaHWe COXpaHEeHHUS abCOMIOTHON
(hasbl, TOCKOJIbKY B OOJIBIIMHCTBE YCUIUTEIEN UCTTOMB3YIOTCS HECKOIBKO MOCTIEN0Ba-
TeJbHBIX KOHTYPOB OTPHUIIATENbHOII 06PAaTHOI CBS3H, a CJIe0BATEIbHO, CAMU YCUJIN-
TEJIU TIPU 9TOM JIOJKHBI ObITh HEMHBEPTUPYIOMMMU. TaK 4TO JOMOJTHUTENBHOM 3a60THI
TPeOYIOT Pa3Be 4TO TOJBKO KaCKabl IPEABAPUTEIBHOIO YCUICHHMSI.

1.7. Ucnonb3yeMmble cokpaLLeHns

A IIocTapaJjicda NCII0JAb30BaTh KaK MOKHO MEHbBIITE COKpaHleHI/IfI, 3a UCKJIIOYEHNEM TOJb-
KO MUHUMaJIbHOTO KOJIMYeCTBa O6HI€HPI/IHHTBIXI

bT bBunonsipusiii Tpan3ucTOp

KHIN OO61muit KoahGUIMEHT HETMHERHBIX HCKaXKEeHUiT
oC O6patHas CBsA3b

00C Otpuiaresnbias oOpaTHas CBI3b

T [ToneBoit Tpar3ucTOp
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maBa 2. Uctopus, apxuTtekTypa
N oTpuuaTesibHasi obpaTHas CBsi3b

2.1. KpaTkas ucropuyeckas cnpaska

JIJIst TOCTATOYHO TIOMHOTO W TIOAPOOHOTO OMMCAHUST MCTOPUH PA3BUTHS HUCKYCCTBA
MIPOEKTUPOBAHUS YCUIUTEJEH moTpeboBaiach ObI OT/eJbHASI KHUTA — 1 OHA MOJIyYH-
Jlach GBI BECbMa MHTEPECHOI U TIOYYUTETBHON. 3/1eCh MBI JIa/[UM JIUIIb KPATKOE OTIU-
CaHie OCHOBHBIX 9TAMOB PA3BUTHUSI ITOTO HAIPABIEHUS 34 TOCTEIHUE TPU-YETHIPE
JECSTUIETHSI.

BmioTs 10 Havasma 60-X ro0B Ha phIHKE TPeobJIaaiii JaMIIOBble YCUIUTENH, BKIIO-
YeHHBIE 110 JBYXTaKTHOH cxeme, paboraioniue B pexumax kiaacca A wan AB1 u mo
HEOOXOMMOCTH MCTIONB3YIONIHE TPAaHCHOPMATOPHYIO CBsA3b ¢ HATPY3Koii. TTocse Toro
KaK TOSBUJIHACH GoJiee-MeHee pabGoTOCIIOCOOHbIE TepPMaHUEBbIE TPAH3UCTOPDI, TOCTY-
IIHBIE 10 TIPUEMJIEMOII TleHe, X HAYaJK UCI0JIb30BaTh B ycuauTesssx. Ho, k coxane-
HUIO, XapaKTEePUCTHKU TEPMAHUEBBIX TPAH3MCTOPOB ObLIM HE CJUIIKOM XOPOIIU
U CYIIIECTBEHHO 3aBUCEJIH OT TEMITEPATYPhL B pesysibraTe Bce 60IbIee paciipocTpaHe-
HIE TTOJYYai TPAH3UCTOPBI KPEMHUEBBIE, HO OHU MEPBOHAYATBHO OBLIM TOITBLKO THUIIA
N-p-n, MOITOMY B JABYXTAKTHBIX YCHJIUTEJSIX MPUXOMIOCH UCIIOIb30BATh BXOHbIE
U BBIXOJHBIE TPAHC(HOPMATOPBIL, YTO IPUBOIIIO K YIOPOKAHUIO KOHCTPYKIUH, YBEJIH-
YEHUIO ee Pa3MEPOB M MACCHI, a TAKXKe K YXYAIIEHUIO TUHENHOCTH YCUIUTEJST B TIEJTOM.
K tomy ske u3-3a 3Tux TpaHchOPMaTOPOB Y PaspabOTUNUKOB TPUOABJISAINCH JIUIIHIE
mpo6IIEMBI, TaK KaK MPUXOAUIOCH YIUTHIBATH BHOCUMBIN UMU OTIOJHUTETBHBII CIBUT
(aspl ycmimBaeMoro curHasia, 9ToObI 0OECHEYUTh HYKHYIO MOJSIPHOCTH CUTHAJA
00paTHOM CBSI3H.

B mepBbix GecTpanchOpPMAaTOPHBIX YCUIUTEISX [ 1] UCIOIB30BATNCH KBA3HKOMILIE-
MEHTapHBIe TPAH3UCTOPHI, HO TOCEAHIE N0OABUIN HOBBIX TpobieM. B konie 60-x
rO/IOB HAYYMJIUCH, HAKOHEI], /IeJIaTh KPEMHUEBbIE TPAH3UCTOPBI TUIA P-N-P IPHEMJIE-
MOT'O KaueCTBa M BCKOPE MTOCTPOEHHBIE HA HUX YCUJIUTEIH obecrieunBaan GoJiee HU3-
kuit KHU, yem nx kBasukomIsieMeHTapHbIE TIPE/IIIECTBEHHUK.
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Kpome Toro, TocTerieHHO pacipocTpaHeHue NoTydai vddepeHIaTbHble KACKAIBI, 1 Ha
CMEHY KOH/IEHCATOPHON CBSI3U MEKJLY YCHIIUTE/IbHBIMK KACKAJIAMH TIPHUIILIA HETIOCPE/ICTBEHHAS
CB$I3b.

3anHTEPECOBAHHBIN YHTATEh MOJKET OOPATUTHCS K ICTOUHUKY [ 2] 1715t GoJtee TIOJTHOTO M3yde-
HUSI ICTOPUY PA3BUTHUS YCUITATETIEH.

2.2. ApxuTeKTypa ycunurenen

ITOT COMAHBIN TePMIUH 0OO3HAYAET YKPYITHEHHYIO CTPYKTYPY YCUWIATENSI — €r0 OCHOBHBIE
GII0KK 11 C1I0C00 MX COAMHEHIST MEXKY c000i1. OOBIMHO MOJTYIIPOBOAHIKOBbIE YCIJIATEH MOLI-
HOCTH CTPOSITCST TIO TPEXKACKATHOI CXeMe, KK TIOKA3aHO HIDKE, HO, PA3YMEETCs], [IETATN Peaiza-
X KKIIOTO KACKAIA MOTYT CYTIIECTBEHHO PAsITYAThCST.

2.2.1. TpexKackagHas apxXuTeKTypa

HauGosnee yacro ucnonbsyemast B YM3Y TpexkackajHast apxuTeKTypa MokasaHa Ha puc. 2.1.
[epsbiii (uchdepentmanbHBIN) KACKa YCUINBAET PA3HOCTh BXOIHbIX TIOTEHITUATIOB 1 (hOPMU-
PYET TOKOBBIH BBIXOIHON cUTHAJL. BTOPOIT Kacka/l, COOTBETCTBEHHO, IMEET TOKOBBIIA BXO7I, HO €10
BBIXOIHOM BEJIMYMHOM sIBJIsIeTCs: Hatpsikerne. Hakorell, B KadecTBe TPeThero Kackazia padoraer
JIBYXTAKTHBII SMUTTEPHbII TTOBTOPUTEITH, TO €CTh U BXOHOM 11 BBIXOIHOM CHTHAIIBI TIEPEIAIOTCST
B BUJIE HATIPsDKEHNS. 3HaueHre KoadduimenTa yenieH st o HarpsiKeHIO BCel TPEXKACKATHON
CXeMbI B OCHOBHOM OIIPEIEISETCsl YCUIIEHUEM BTOPOIO KacKa/[a, II09TOMY Jiajlee OH 4acTo Oyer
HasbIBaThCs ycunumenem nanpsicerust (Y H). TacTo BMECTO 9TOr0 UCTIONB3YIOT TEPMUH 1pedycid-

Jimeito.

=

I
&
BxogHom BTopot, BbixoaHom
anddepeHUnanbHbln - yCUNUTENbHbIN Kackap,
Kackap, Kackap,

Puc. 2.1. TpexkackagHbii YM34

Ormicannast apXUTEKTypa UMeeT TIeTBIN Psil IOCTOMHCTB, HAMOOJeE TIEHHBIM 13 KOTOPBIX
SIBJISTETCST XOPOIIAs PA3BsI3Ka MEK/TY KACKaaMH, IIPEOTBPAIIIAONTAS X B3AHMHOE BIIFISTHIE JIPYT
Ha ipyra. Hanpumep, n3MeHeHne HAPSDKEHYIST Ha BXOJIE BTOPOTO KACKAZIa IPAKTITYECKH He BIIUST-
€T Ha ero paboTy, Tak KAK OH FIMEET TOKOBBII BXOJI, B PE3YJIbTATE YMEHBIIIACTCS BIMSTHIE BTOPOIO
KacKa/[a Ha BBIXO/IHOMN CUTHAJI TIEPBOTO U ociabiisieTcs fieiictBre agextoB Muiepa n Jpim.

KoHzieHCcaTOD, MOAKIIOYEHHBIH MEXK/Y BBIBOJAMHU KOJUIEKTOPa U 6a3bl TPAH3UCTOPA
BTOPOTO KaCKa/a, MO3BOJISET CHU3UTH BBIXOJIHOE COITPOTUBJIEHUE HTOTO KACKA/A, YTOObI



42 | TJIABA 2. UCTOPUSA, APXUTEKTYPA U OTPULIATEJIbHASl OBPATHAS CBSI3b

HEJTMHEIHOCTh HATPY3KKM BBIXOJHBIX SMUTTEPHBIX MOBTOPUTEJEH (KOTOPasi IPUBOIUT
K KOJIcOQaHUSIM BXOJTHOTO UMIIEIaHCa TPETHETO KACKa/a) He CMOTJIA CYIECTBEHHO YXY/I-
muth 3Havenne KHU ycunurens B mesom.

ITpuBenenHas cxeMa TauT B cebe elle MHOIO IPUSTHBIX /il PaspaboTYrKa CIOPIIPH-
30B, MOJOGHBIX TOJIBKO YTO OIMCAHHOMY. MBI HOCTEIIEHHO OyAeM 3HAKOMUTBCS ¢ HUMU
B ITOCJIELYIOTIUX IJIaBaXx.

Jlons nuHeapusaruu XxapakTepuctuku ycusauress ucnoabdyercs OOC, pomycru-
Mas IIyOuHA KOTOPOIl ompesesercsa 3HadeHueM Koab@UIMEHTa YCUIEHUS IIpU
Pa3OMKHYTOII TeTsie 00paTHON cBsi3u. BeixoaHOU KacKaa Ha puc. 2.1 uMeer equHNY-
HBII KO3 GUIIMEHT yeuaeHust (BbI MOKETe 3aX0TETh MPUMEHUTD B BBIXOJTHOM KacKa-
Jie 4TO-HUOYAb MOMHUMO SMUTTEPHOTO MOBTOPHUTEJS, YTOOBI YBEJIUYUTh 3HAYCHUE
Koa(uimenTa yCuaeHus, HO MOBEPHTE, HM K UeMY XOPOIIEMY 3TO HE TIPUBEET).
[TosTomy 06uMiT KOahOUIUEHT yCUIeHUS BCell TPEeXKACKaIHON CXeMbl HAXOIMTCS
KakK IpousBe/ieHue KO3(MPUIIMEHTOB YCUJIEHUsT BXOJHOro auddepeHiinajibHOro
KacKaJla U yCUJIHUTeJs HanpsKeHus. 3Hadernue KoahUuinenTa yCuaeHus mocaeine-
0 TJIaBHBIM 00pa3oM onpezensiercs (3a UCKIIOYEeHNEM OUYeHb HU3KUX YaCTOT) HOMU-
HaJIOM KOHJIEHCATOPa, BKIIOYEHHOTO MEKILY 0a30i 1 KOJLJIEKTOPOM TPaH3UCTOPA BTO-
poro kackaza. Ilpu 3amkuyToil nersie OC 00BIYHO yAaeTCsl AOCTUYb YCUJIEHHS 110
nanpszxenno ot +20 go +30 nb. Koaddunuent o6paTHOR CBA3U IIPU 9TOM COCTa-
Baisier 25—40 1B na yacrore 20 k', yBemmunBasich Ha 6 1B 1Ipu MOHMIKEHUH 4aCTO-
ThI Ha KOKIYIO OKTaBY, IOKa He JIOCTUTHET MepBoro mostoca P1, mociie yero ocraercst
HEU3MEHHBIM TP JaJbHEUIEM MOHWKEHUU YacTOThl. B OZHOM MoeM TpoekTe s
HCIoJb30Ba KoHgercatop eMkoctbio 100 nd, mpu koadduirenTe mepeaadn mepBo-
ro kackaza, pauom 9 MmA /B, koappunment OC cocrasasn 31 nb na wacrore 20 kI,
B npyrux npoekTtax ero sHaueHue paBHSIIOCH 26 nb, 4TO Takike MaBajio HETJIOXHE
pe3yIbTaThI.

Baaronmapst ToMy, 94TO B OIMCAHHOW CXeMe IOJIoKeHue moJroca P1 onpenessiercst
TOJIBKO BTOPBIM KaCKaJoM, Pa3spabOTUMKy JIETKO MoAo6paTh Ge3olacHoe 3HaYeHUE
koadduinmenta obparHoii cesasu. Bo BTopoMm kackane zpeiictByer mectasg OC, poib
KOTOPOU BBITIOJIHSAET Gasa-KOJIEKTOPHBIN KOHIeHcaTop, 00eceunBalonuii JnHeapy-
3aIMI0 XapaKTEPUCTUKN.

[To naHHO# TpeXKACKaJHON CXeMe BBIMOJHIETCS 0K0JI0 99% BceX TPaH3MCTOPHBIX
YCUJTATEEH, TOITOMY UMEHHO eil OyeT MocBsiieHa O0JIbIIast YacTh KHUTH.

2.2.2. IByxKacKagHaa apxuTekTypa

Ha puc. 2.2 nokazana cxema aByxkackagaoro ¥ M3Y. B nmepBom kackaje nmpumeHeH
Bce TOT ke A depeHInaIbHblil YCUIUTENb, HO B OTJIWYNE OT MPEIbIIYTIeH CXeMbl
COIIPOTHBIIEHNE HATPY3KHU JIJIS1 €0 TOKOBOTO BBIXOJIA (TO €CTh BXOJIHOE COIIPOTUBJIEHIE
BTOPOTO KacKa/a) 3/1ech MMeeT 6oJiee BHICOKOE 3HavYeHre. BTopoil kackaj oMHOBpeMeH-
HO WUTPAET POJIb YCUIUTEJII HAIPSLKEHWS 1 (ha3omHBepTOpa. Tak Kak uMeeTcs /Ba pas-
JIeJIbHBIX TIYTH CUTHAJIA K BBIXOAY, TO HE COBCEM SICHO, KAK MMEHHO PACIIENUTD JaHHbIH
GJIOK Ha IBE YACTH [IJIsT TIPOBENEHNST AHATN3A CXEMBI.

ITO MOKET IMOKA3aThCsI TAPAIOKCAIBHBIM, HO IBYXKACKAIHAS CXeMa OKa3bIBAETCSI
6oJtee CIOKHOM, deM TpexkackamHast. QOmuit KoahGbUIHEHT YCUIEHNsT O HATPSIKe-
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B—
BxogHon BbixoaHom
nnbdepeHumanbHbIin YCUNIUTENbHbIN
Kackap, Kackag,

Puc. 2.2, [syxkackagHbin YM34

HUIO CXEeMBI Ha pHC. 2.2 3aBUCUT OT KoahPUINeHTa mepeaadn BXOAHOTO KaCKa/la, COTIPO-
TUBJICHUS €r0 Harpy3KH (TaK Kak Tellepb KOJJIEKTOP TPAaH3UCTOPa BXOAHOTO KAaCcKajla He
3a3eMJIEH TI0 TIePEMEHHOMY CHUTHAJIY), a Takke Koa(huImenTa yCUIeHus: BBIXOJIHOTO
Kackajia, KOTOPBIH, B CBOIO OYepe]ib, 3aBUCUT OT CMEIIeHNsT Ha 6a3axX BBIXOIHBIX TPAH3H-
CTOPOB M COIIPOTUBJIEHUS HArpy3Ku ycuiauTess. Kpome Toro, B iByXKacKa[HOW cxeme
yIKe HEJIb3s1 BOCIIOJIb30BAThCST OOBIUHBIM CIIOCOOOM KOPPEKIIUH, TO €CTh METOIOM ITOBBI-
[IEHUY CTAOUIBHOCTH TTyTEM YBEJIUYEHUS YACTOTHI TIEPBOTO TIOJIOCA.

KoadduimeHT 0OpaTHOMN CBSI3M Ha HU3KIX YAaCTOTaX MPU PaboTe Ha YETHIPEXOMHYIO
HArPy3Ky B OIIMCHIBAEMOI cxeMe OObIYHO OueHb Majl (M3-3a HU3KOro KoadduureHTa
YCHUJIEHTST) ¥ COCTaBJIsIeT 0K0JI0 6 15. BO3MOXKHOCTP ero n3aMeHeHHsI OTpaHIYeHa CBep-
Xy 4aCTOTOH IIEpBOroO M0JII0Ca, Ha KOTOPOI IIPOMCXOAUT YBeJINYeH e rI1yOuHbI MECTHON
OC BBIXOJIHOIO KacKa/a.

JIByxkackannas cxema Y M3Y we caurmikom nonyJsisipHa [ 3, 4]. He naBas cymecTBen-
HOTO BBIUTPBIIIA B CTOUMOCTH, OHa GoJiee TPYIHA TPU TIPOEKTUPOBAHUH U, KAK MOKA3bI-
BaeT MO OITBIT, 00JIaIaeT Xy/Iliell THHEHHOCTHIO.

2.3. Knaccbl ycuneHus

[lonroe Bpemsi B BBICOKOKAUeCTBEHHOUW amlmapaType 3BYKOYCUJIEHUs MPUMEHSJINCH
TOJIbKO peXUMBbI Kj1acca A 1 AB. 9To 00bICHSIIOCHh TEM, YTO B KaYeCTBE aKTUBHBIX
2JIEMEHTOB UCIOJIb30BAJIMChH JIAMITBI, a JIAMIIOBBIN yCUJINTENb Kiaacca B naBanm takoe
KOJINYECTBO HEJMHEHHBIX UCKAKEHUH, YTO UX BBICOKHII YPOBEHb ObLI HEIpUEMJIEM
Jaxe JIJIsi TPOMKOTOBOPSIINX CHUCTEM OIOBelleHus. Bce JjlaMIloBble yCUITUTENH,
MaJIo-MaJIbCKH IIPETEHIYIONIIE Ha «BBICOKYIO BEPHOCTh» 3BYYaHUs, pabOTalu B PEKU-
Me kimacca A. Tpausuctopubie YM3U mator paspaboTunKy 6OMBIIIII TIPOCTOP JIJIst
TBOPYECTBA: B KOMMEPUYECKMX pa3pabOTKax MCIIOJIb3YIOTCS BCE KJIACCHI, ONMCAHHbIE
amxe. Ho B JaHHOIT KHUTE MBI COCPEIOTOYNMCS B OCHOBHOM Ha Kjaccax A, AB u B, tak
KaK UMEHHO OHU TIPUMEHSIIOTCS B TpaH3ucTOpHbIX ¥ M3U HauboJiee 4acTo.
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2.3.1. Knacc A

B pesknme kiacca A depes ycunuTesbHbIe 371eMeHTHI (Y D) — BBIXOIHbBIE TPAH3UCTOPbI
WJIW JIAMITBI TOK T€YET BCEe BPEMsI, TEM CAMBIM MTPEIOTBPANIAETCS BKIIOYEHHE 1 BBIKJIIO-
YyeHue TPaH3UCTOPa IPU CMeHe ITOJISIPHOCTH YCUIMBAEMOI0 CUTHAJIA, 4 CJIe/I0BaTEeIbHO,
cHUIKaeTcss Koa(pUuIMeHT HeJMHEHHBIX MCKaXKEeHUU. ITO He YacTO OIMChIBAETCS
B PYKOBOJICTBaX, HO M3BECTHO JIBA CYIECTBEHHO OTIUYAIOIIUXCS CIOCO6a Peayn3anum
JMaHHOTO peskuMa. I1epBblii cocob — 3TO MPOCTO ABYXTAKTHBIA 9MUTTEPHBIN MOBTOPH-
TeJTb, 3HAKOMBIN BCEM 110 peKUMY KJacca B, HO ¢ yBeJIMYeHHBIM HAIIPSIZKEHUEM CMellle-
HUg, TaK YTO HU OJUH U3 [ByX TPAH3UCTOPOB I[IPU HOPMAJIbHBIX COIIPOTUBJIEHUAX
HATPY3KH HUKOT/IA HE BXOAUT B PEKUM OTCEUYKH. [IpEeMMyIIecTBO 3TOTO crocoba
3aKJIIOYAETCS B TOM, YTO B 9TOI cXeMe He BO3HUKAET Ieperpy3Ka 1o TOKY: IIpU CHUXKe-
HUU COTPOTHWBJIEHUS] HArpy3KW HUKe JOMYyCTHUMOTO TPAH3UCTOPBI MPOCTO BXOIAT
B pexkuM Kiacca AB, Ipu 3TOM HECKOJIBKO yBeJTMYUBaeTCs KOAMGMUIINEHT HeTMHEHHBIX
WCKa)KEeHUH, HO 3ByYaHUe BCe ellle OCTAETCS JOCTATOYHO KaueCTBEHHBIM.

JIpyroii ciocob peasnsaiuu pesKuMa Kiacca A U3BECTEH TaKKe KaK HCTOYHUK TOKA,
yrnpasisiembiii HanpskeHueM (MTYH): ato oqun ycunmTe bHbIN 37IeMEHT, BKIIOYEH-
HBIA TI0 CXeMe TTOBTOPUTEJIST HANPSIKEHUS ¢ aKTUBHOM HAarpy3Koll B €W 3MUTTEpa
(unm xaroza) ayist obecriederust paboYero TOKa yepes yCUJIUTENbHbINA aeMeHT. [Ipu
MOBBITIIEHNY TOKA HATPY3KU CBEPX YCTAHOBJIEHHOTO TMpeieia HAMpSKeHe Ha aKTHUB-
HOM Harpyske 0OCTUTAeT HEKOTOPOI BEJIMUMHBI U Jlajiee TPAKTUYECKU He U3MEHSeTCs,
YTO TIPUBOJIUT K 0OPE3aHUIO BHIXOHOTO CUTHAJA.

B pyxoBozicTBax MO JTAMITOBBIM YCUTUTENSAM YIIOMIUHAIOTCS TAMHCTBEHHbIE KJIACCHI
AB1 u AB2. B nepBoM 13 HUX HEKOTOPYIO YacTh IIMKJIA TOK YePe3 CETKY He TEYET, a BO
BTOPOM — TeueT Beerza. Takoe pasjieieHne BayKHO /I JAMITOBBIX YCUJIUTEEH, TaK Kak
CETOUHBII TOK BBIXOAHOI JlaMITbl B pexkume AB2 tpebyer Gosiee KpOTIOTIMBOTO pacye-
Ta TPEABIAYINETO KacKaIa.

JlJist TPAaH3UCTOPHBIX YCUJIUTEJIEH 9TO pasjieieHie He MMeeT 0CO00TO CMBICIIA, TaK
KakK 6a30BbIH TOK GUIIOMSIPHOTO TPAH3MCTOPA TeUeT BCET/A, TIOKA TPAH3MCTOP He BOH-
JIeT B PEKUM OTCEUKH, a TOK 3aTBOPA MOJIEBOTO TPAH3UCTOPA BCET/IA OTCYTCTBYET (ecyu
He CYUTATDb 3ap4/la U pa3ps/a BHYTPEHHUX eMKOCTell ).

2.3.2. Knacc AB

IT0 KOMOUHATHS PEKUMOB Ki1acca A u B. B oTCyTCTBYE HATTPSIKEHST CMETIEH ST yCH-
JIUTEJIBHBIN DJIeMEHT PabOTaeT B PEKUME Kiacca B, eciii 310 HapsKeHUE HECKOTIBKO
VBEJMYNTh, TO OH BOHmeT B pexuM kiacca AB. Ilomydaercst, 9T0 mpu A0CTaTOYHO
MaJIOl aMIUIUTY/le CUTHAJIA YCUJIUTEJbHble 3JIEMEHTBhI JBYXTAKTHOTO BBIXOIHOTO
Kackajia paboTaioT B pexkrMe Kiracca A, 0CTaBasiCh BCe BPEMsI OTKPBITHIMU, & TPU 60Tb-
ol aMIuTyie — paboTaioT TOTEPEMEHHO, TaK Y4TO OJAWH U3 HUX BXOAUT B PEKUM
OTCEYKH, B TO BPeMsI KaK TOK yepes Ipyroil yBesnunBaeTcs. B MOMeHT mepekioueHust
060VX 2JIEMEHTOB CYIIECTBEHHO BO3PACTAET UCKAKEHNE CHTHANA. B 3aBUCHMOCTH OT
CMEIIEHNST ¥ YPOBHSI BBIXOJIHOTO CUTHAJIA, KAXK/BIN U3 YCUIIUTENHHBIX 3IEMEHTOB pabo-
taet ot 50 10 100% Bcero Bpemenu.

Koabdunnent HeMHERHBIX UCKAKEHUI yeusmTesist Kiacca AB GoJiblite, ueM y ycu-
sguTesiell kraccoB A win B, moaTomy, Ha MOIi B3TJISI/I, €ANHCTBEHHOE PA3yMHOE IIPUMe-
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HeHue Kiaacca AB — 9To aBapuiiHbIil peskuM paboThl YCUIIMTENS KIacca A TPy IIOHMKe-
HUU MMIIE/IaHCA HATPY3KH HIKE YCTAaHOBJIEHHOTO TIpe/iesia, TI03BOJISTIONINI eMy coxpa-
HATH PABOTOCIIOCOOHOCTD B 3TOM CJIyYae.

2.3.3. Knacc B

Irot Kaace Haubodiee momnyssiped B Y M3Y, on ucrnonbayercst B 99% Bcex yeuiuTesei.
’

Bosibinas yacTh KHUTH MOCBSIIEHA PACCMOTPEHUIO TAHHOTO PEKUMA, TI03TOMY 3/1€Ch

HaMm Heuero GoJiee T0GABUT.

2.3.4.Knacc C

ITO MMILYJIbCHBIN PeKiM PaGOThl YCHJIUTEIBHOTO 3JIEMEHTa, KOTJA MPH YCUICHUN
CUHYCOUAAIBHOTO CUTHAMA YO HaXOAWTCS B OTKPBITOM COCTOSTHUHU MeHee deM 50%
Bcero BpeMmeHW. [laHHBIN peXUM HCIOJB3YeTCS Ha PaJMOYacTOTax, B 3TOM cJydae
LC-1iernb BbIjIesIsIET OCHOBHYIO TADMOHUKY MCKa)KEHHOT'O CUTHAJIA.

2.3.5.Knacc D

B aTOM pesknMe yCHIUTENbHBIN 2JIEMEHT MEePEKI0YaeT BRIXOAHYIO JIMHIIO TO Ha OJHY
HIMHY TUTAHWUS, TO Ha IPYTYIO CO CBEPX3BYKOBOI YaCTOTOMU, IIPU ATOM MPOIOJIKU-
TEJIbHOCTH BBIXOAHBIX UMITYJIBCOB M TAy3bl MEXKAY HUMHU MOAOUPaeTcsl TaKuM 00pa-
30M, 4TOOBI CPeJIHEE BBIXOHOE HAMPSIKEHNE COOTBETCTBOBAIO YPOBHIO YCUIMBAEMO-
ro curHajyia. FlHaue roBopsi, peub MIET O WUpomuo-umnyiocrot mooyrsyuu (ITNM —
Pulse Width Modulation, PWM). HecMoTps Ha 1epCrneKTUBHOCTH TAKOTO IOAX0/A
Y MHOTOYUCJIEHHBIE TIONBITKU MMOCTPOEHUsST PA3JIMYHBIX CXEM HA 9TOIl OCHOBE, ATOT
pexXmM Bce emie Majio ipuMensiercss B Y M3Y u3-3a MHOTHUX TTOKa HETIPEOIOJIMMBIX
TPYJIHOCTEH, 0COOEHHO B IJIAHE 3IEKTPOMATHUTHON COBMECTUMOCTH, BE/(b MOIIHBIE
MIPSIMOYTOJIbHBIE UMITYTbChl YacToTol 200 kI ABASIOTCS NUCTOYHUKOM 3JIEKTpOMAr-
HUTHBIX TIOMEX.

KoadduimeHnT nckakeHnii He TaKOW YK U HU3KHUH [5], a mormyctumast rirybuna OOC
orpannyena yactotoil NN M-nmmysnbcos. [lis ynaneHns BBICOKOYACTOTHBIX TapMoO-
HUK Ha BBIXOJlE YCUJIMTENS Tepel] AUHAMUKOM HEeOOXOIMMO MCIIOAb30BaTh (PUIBTP
HU3KHUX YaCTOT C KPYTHIM CITaJlOM, JJIst TOTO OOBIYHO TpeOyeTcs: He MeHee YeThIPex
KaTyIeK WHIYKTUBHOCTU (JIJISI CTEPEOBBIXO/IA), YTO 3AMETHO TIOBBIIIAET CTOMMOCTD
koHCTpyKImu. Ho caMoii moxoi 0coOGeHHOCTRIO YCUIUTENEH TaHHOTO KTacca SBJISeT-
CS1 TO, UTO OHU MOTYT OGECIIEYUTD JIOCTATOUHO MIOCKYyI0 AUX TOJBKO MpU 3aJaHHOM
umIeance Harpysku. Boobiie, ycumurenu knacca D 3acayKUBaioT TOTO, 4TOOBI UM
MOCBSATHIIN OTIEJIBHYIO0 KHUTY, TIO9TOMY 37IeCh MbI He Oy/ieM Ha HUX MOAPOGHO OCTaHa-
BauBathest. JJist Gosree GJIM3KOTO 3HAKOMCTBA C 9TOU TeMO MOJKHO OOPATUTHCS K KHU-
ram Tosnpabepra u Canzepa [6], a Takke XoHkoka [7].

2.3.6. KnaccE

B sTOM peskuMe MpuUMEHEH YPe3BbIYaiiHO M300pETaTebHBIN ctoco6 paboThl TPAH3M-
CTOpa, B KOTOPOM Yepe3 HeTo OO TeUeT 09eHb MAMBIN TOK, JIMO0 Ha HEM TAaeT MAJIOe
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HalpsiKeHue, B pe3yJsbTaTe paccenBaeMas MolHOCTb HeBesuka [8]. K coskasmenuio,
3TOT PEKUM UCTIOIb3YETCS TOIBKO /IS YCUJIEHHST CHTHAJIOB PAIlOYacTOTHOTO inama-
30Ha 1 [109TOMY He HaXOAWUT IPUMEHEHNS B ayIUOTeXHUKE.

2.3.7.Knacc F

Takoro Kjacca HET, HACKOJBKO U3BECTHO aBTOPY. IToxoske, 910 mpobeJi, KOTOpbIii cJie-
JIYET 3aII0JHUT...

2.3.8.Knacc G

Aror pexkuM ObL1 npepnoxker pupmoii Hitachi B 1976 rozy ¢ 1e/ibio cokpaiienus pac-
CenBaeMON yCUJINTEEM MOIIHOCTU. AY/IMOCUTHAJIBI IMEIOT BBICOKOE OTHOIIIEHNE MaK-
CUMYyM,/Cpe/iHee 3HaUEHIeE, TIPU 9TOM OOJIbIIIas 4aCTh BPEMEHHU PAcXOAyeTcsl Ha HU3KIe
YPOBHH, TIOATOMY PACCENBAEMYIO HA BBIXOJIHOM TPAH3UCTOPE MONTHOCTb MOXKHO 3HAYM-
TeJIbHO CHU3UTH 32 CUET Mepexojia OT HU3KOBOJIBTHBIX ITUH NMUTAHNUS K BBICOKOBOJIb-
THBIM.

Yceumarean knacca G UMeIOT /1Be TIapbl MWH MUTAHUS (BBICOKOBOJIBTHYIO ¥ HU3KO-
BOJIBTHYIO), KaK Moka3aHo Ha puc. 2.3 [9, 11]. [Ipu Masioii aMIyinTyzie BBIXOTHOTO CUTHA-
JIa TUTaHUe OCYIECTBIIIeTCS HU3KOBOIbTHON mHON V1. Korma yposens curnama rpe-
BbIaeT Hampskenne 15 B, arox D3 mmm D4 (a1 O0KUTETBHON U OTPUTIATETBHON
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Puc. 2.3. YM3M knacca G. Korga ypoBeHb BbIXOAHOrO CcMrHana npeebi-
waert nopor nepeknioyenus, amoa D3 unu D4 3akpeisaetcs, B pesynsta-
T€ NUTaHWe obecneymBaeTcs BbICOKOBOIBTHOM LWMHOM
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TTOJTYBOJIHBI COOTBETCTBEHHO) 3aKpbIBaeTcs, OTKpbiBaeTcs Tpansuctop TR6 naum TRE
1 B paboTy BKJIIOYAeTCsl BBICOKOBOJbTHaS minHa V2. B 910 Bpems Tpansucropsl TR6
u TR3 (ma nosnoxurenpHoi monyBosinbl) win TR8 u TR4 (mia orpunarenbHoit)
BKJTIOUEHBI TIOCTIEIOBATENIHHO, B Pe3yJIbTaTe MOITHOCTD, paccemBaeMas Ha KaKIOM W3
HUX, CHIKaeTcs. Buytpennue tpansuctopbl TR3 u TR4 06b14HO paboTaOT B pesKuMe
KJIacca B, XoTs MOXkeT MCIOJIBb30BaTLCSA TakKKe peskuM kiacca AB uin A, i atoro
HaJI0 YBEJIMUUTH HaNpsKeHre cMenienns. Buemnne tpansucropsl TR6 u TR8 pabora-
10T B pexkuMe Kiacca C, HaXo/sCh B OTKPBITOM COCTOsTHUK MeHee 50% neprojia yCcuim-
BAaeMOTO CUHYCOW/IATbHOTO CUTHAJIA.

Boo6iie roBopsi, CKaYoOK HATIPSKEHUsT HA KOJIJIEKTOPaX TPAH3UCTOPOB HE JIOJIKEH
CUJILHO CKa3bIBaThCS HA YPOBHE BBIXOJHOTO CUTHAJA, HO HA MPAKTUKE YCUTUTENN KJTac-
ca G UMEIOT MEHBIITYIO JIMHEHHOCTD, YeM YCUIUTENU Kaacca B, motoMmy 4to B pe3ysib-
TaTe IEPeKIIoYeHMs AUO/I0B M Ilepe3aps/ia UX IapasuTHBIX eMKOCTEH BO3HUKAIOT
JIOTIOTHUTEJIbHBIE TIOMEXU.

OueBusHBIM 06001IIEHIEM OITUCAHHOTO METO/BI CHUKEHUS PACCEUBAEMOI HA TPaH-
3UCTOPAX MOIMHOCTU SIBJSETCS JajbHellee yBeJIWYeHUE YHUCTA TIMH MUTAHUS.
Ha npaktuke 06bI9HO MCHONb3yeTCss He Gosiee Tpex Tap. BHyTpeHHMEe TPaH3UCTOPHI,
Kak U pambIie, paboTaioT B pexkuMe kaacca B/AB, a mpomeskyTodHble 1 BHEITHIE TPaH-
3UCTOPBI — B peknMe kiacca C, mpuyeM MocieTHAe HaXOASATCS B OTKPBITOM COCTOSTHUN
MeHbIIIee BpeM4, YeM IIepBbIe.

Hackonbko n3BeCTHO aBTOPY, YCUJIUTEH C TPEMS TapaMU IIWH MUTAHUS UCITOJTb-
30BaJIMCh TOJBKO B PeKMMe NIYHTA, Kak onucano Huxe. llo-BuammMomy, B mociieio-
BaTEeJbHOM BKJITIOUEHWHU CyMMapHOE MaJleHue HAPSKEHUS Ha TPAH3UCTOPaX CTaHO-
BUJIOCh CJIMIIKOM OOJBIIMM U cXeMa yke He obecreunBaerT 3(h(HEKTUBHOTO
ycunenus. Kpome Toro, B 9TOM CIydae UMEETCsI TMECTh ITUH MUTAHUS 1 HEOOXOIMO
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MIPUMEHSITD IIEeCTh BBIXOJIHBIX TPAH3UCTOPOB, Yepe3 KaxK/AbIi 13 KOTOPBIX TeYeT BeCh
BBIXO/THOU TOK.

Cxema, paboraionasi B napajieabHOM BapuaHrte Kiacca G, mokasana Ha puc. 2.4
[10]. IIpn EM3KOM YpOBHE BBIXOJHOTO CHTHAJA B OTKPBITOM COCTOSTHUN HAXOJSTCS
TOJIBKO Tpau3uctopbl Q3 u Q4, KOTOpble TOJYYaAlOT MUTAHUE OT HU3KOBOJIBTHOUW
muHbL Bblne nopora, 3alaBaeMoro HalpsKeHUAME CMeIeHust Vg 1 Vo OTKPBI-
Batorcs anogsl D1 n D2 u HaumuaoT paboTaTh BHIXOAHBIE TpaH3ucTOphl Q6 n Q8,
MTUTaeMBbI€ OT BBICOKOBOJIBTHO! IIUHBI.

Juoxst D3 u D4 obecrieunBatotT 3amuty TpaHsuctopoB Q3 u Q4 oT oTpHUIATENbHO-
TO HATIPSDKEHMT cMeliienust. Borxomubie Tpansuctopbl Q6 u Q8 HaX0sATCST B OTKPBITOM
coctostHun MeHee 50% Teprofa yCHJINBAEMOTO CUHYCOMIANIBHOTO CUTHAJA, TO €CTh
paboraior B pexxume kiaacca C. Tpauszuctopst Q3 1 Q4 06br4HO paboTAOT B PEKUME
KJacca B.

Hawubosee Momrnbre yeumurean kiacca G, UCIOMB3YIONIHE TTapaIeTbHOe BKIIOUe-
HUE BBIXOJHBIX KACKA/IOB, IMEIOT TPU IAPhI IUH MUTAHL.

2.3.9.KnaccH

OcHoBBIBaeTCs Ha Kyacce B, TOJbKO MCITOTBb3YeTCsT TIOBHIIIEHNE HATIPSIKEHIST Ha €/THH-
CTBEHHOH mape WMH nuTanus [12], BMeCTO IepeKIIoYeHusT MEKAY HEeCKOJbKHMU
mrHaMu, Kak B kiaacce G.

2.3.10. Knacc S

Kmnacc ycunenusa S, nazBanubiii Tak Cangamanom [13], ucronb3yer kackaj kiacca A
C MaJIBIM BBIXOJTHBIM TOKOM COBMECTHO € KacKaJIOM Kjacca B, MOIKIIOYeHHBIM TaKUM
06paszoM, 4ToObI yBETUYNTH 3((HEKTUBHOE 3HAUEHUE UMIIE/[AHCA HATPY3KH, «BUAUMOE>
CO CTOPOHBI [IEPBOTO KACKA/Ia.

IToxosxuit MeToz ObLI HCIOIB30Bal B yeuautese Technics SE-A100 [14].

ABTOp HajeeTCs, YTO NMPUBEAEHHBII 371€Ch KPATKUU 0030p KJIACCOB YCUJIEHUS
SIBJIAETCS JIOCTATOUHO TOJMHBIM; €CJTM KTO-TU60 3HAET 0 IPYTHUX KJIaccax, aBTop ¢ y/0-
BOJIBCTBHEM I0OABUT MX B CBOTO KOJLIeKIH0. ClieflyeT MOHUMATD, YTO TaHHAsT KITACCH-
dukanus He SBJSETCS WUCUYEPIBIBAONIEN, TaK KaK He JAeT TOYHOe TpPeJCTaBJieHue
0 MpUHIHUTIE PAOOTHI YCUIHTES.

2.4. BapuaHTbl Knacca B

Tpexkackajgnas cxema yCUJIMTeNs Kjacca B Ha MOJynpoOBOAHUKOBBIX 3JeMEHTaX
UCIIOIb3YETCS Yalle BCEro M JA0Kasala CBOIO BBICOKYIO 3((EKTUBHOCTD, II03TOMY
OBLTM TIPEANPUHATH MHOTOUYKCJIECHHbBIE TIOMBITKY ee yayunuTb, OObraHO pazpabdort-
YMKU NBITAIOTCS COBMECTUTh 3KOHOMUYHOCTD KJjacca B ¢ nuHelHOCTBIO Kiacca A.
3mech He XBaTUT MECTa JJIs JOCTaTOYHO MCYEPIIBIBAIONIETO TIEPEYNCACHII N3BECT-
HbIX MO[[epHI/ISaHI/Ifl KJIaCCH‘ieCKOfI CXEMbI, HOSTOMy HpI/IBe[IeM TOJIBKO T€, YTO UM€EJIN
3HAYUTENBHBIA KOMMEPYECKUI yCIeX WK BhI3BAJIN 3aMETHBIA MHTEPEC CPEAN paspa-
OOTUNKOB.
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2.4.1. Ycunutenu, ucnpasnsioLume oLmnGKm

B ycuimrensix JaHHOTO THIIa BMECTO OOBIYHOW IS ayAHOTEXHUKU OTPHUIIATETbHOM
00OpaTHOM CBSI3UM UCIIOJIb3YETCST METO/ KOppeKiuu omubok. CyIecTByeT, 1o KpaiHei
Mepe, TPU MeToa KOPPEKLUHU ONIOOK, UX OIMCaHue MOXKHO Haiitu B [15, 16].

2.4.2. Ycunutenu 6e3 KOMMyTaLum

HauboJiee 3aMeTHBIE MCKaKEHUST CUTHAJIA B YCUJIMTENSIX KJacca B BbI3BaHBI MPOIIEC-
COM TIEPEKJTIOYEHNUST MOIIHBIX TPAH3UCTOPOB ABYXTAKTHOTO BBIXOMHOTO KacKasa, KOTO-
pBIe OCYIIECTBIAIOT KOMMYTAIIUIO MIMH TUTAHUS Ha HISKOOMHYIO HarPy3Ky — TPOMKO-
roBopuresb. MHuOrne pazpaboTYMKK MbITATUCH YCTPAHUTD ITH UCKAKEHUS, IEPEBOJIS
TPAH3UCTOPBI B TAKOU PEKUM PabOThI, KOT/Ia Yepe3 HUX BCE BPEMs TeUeT XOTSI Obl MBI
ToK [17]. MBI elle BepHeMcs K 3TOMY BOTIPOCY B riiaBe 9.

2.4.3. Ycnnurtenum Toka

IToutu BCe YCHIUTENN MOIIHOCTH <«CTPEMSITCS OBITh» HMCTOYHUKOM HATPSIKEHUST
€ MUHUMAJIbHBIM BBIXOJHBIM COMPOTHBJIEHUEM, HTO TO3BOJISIET 00ECTEYUTh MOCTOSH-
HOe ycuJIeHWe [TPH BapUaIiy IMITeIaHCa HarPY3KHU, KOTOPHII 3aBUCUT OT YACTOTHI YCH-
JINBAEMOTO CUTHAJIA.

[IpOTHBOIIONOXKHBIN MTOAXO[ — YCHJIUTENb C JOCTATOYHO BBICOKUM BBIXOIHBIM
COTIPOTUBJIEHNEM, KOTOPBIH BeIET ce6sT KaK HCTOYHHK TOKA. ITO YCTPAHSIET HEKOTOPBIE
pobieMbl (HAPUMEP, KOT/Ia TPU HATPEBAHUH COTIPOTHBJICHNE KATYIIKUA UHYKTUBHO-
CTU TPOMKOTOBOPUTEJISI TIOBBIIIAETCS ), HO BBI3BIBAECT TOSBJICHNE HOBBIX (HAIIPUMED,
pOOIEMBI ¢ PE30HAHCOM B rpoMKoroBopuTtedie). O6 yCHUINUTENSX JAHHOTO TUIIA MOKHO
nozpoGHee ysHath B [18].

OTHOCUTENBHO MIPOCTO PA3PabOTATh YCUITUTEID € JIOOBIM KETAeMbIM BHIXOTHBIM MMIIE-
JIAHCOM (JIavKe OTPUIIATEIHHBIM ), TAKUM 0OPA30M BbIZIEPIKUBAST KOMITPOMUCC MEK/Y YCH-
JITEJIEM HATTPSTKEHUS U YCUITUTENIEM TOKa, TPYIHOCTh COCTOUT B TOM, UTO OOBIYHBIE TPOM-
KOTOBOPUTENIN PACCUUTAHBI HA PABOTY C YCUIUTEIEM HAIPSIKEHUS, T0ITOMY COBMECTHO
C YCUJIATEJIEM TOKA JIOJIKHBI HCTIONb30BAThCS TUNHAMUYECKIE TOJIOBKH CIIEIMATBHOTO TUTIA.

2.4.3. MeTtop bnomnes

ITurep Bromueii (Blomley) B 1971 roay npemioxun meros [20], KoTopslil Ipegoxpa-
HSLJI TPAH3KMCTOPBI BBIXOJHOTO KacKaja OT IIOJIHOTO 3anupaHus. Vlaes cocTosa B TOM,
9TOOBI PACIIENUTD MOJOKUTENBHYIO U OTPUIATENbHYIO TIOMYBOJHbBI B MPEABAPUTEb-
HBIX KacKajaX, a He B OKOHEYHbIX. B 5TOM ciyuae peskuM paboThl TPAH3HCTOPOB OKO-
HEYHOI0 KacKaza MOKeT ObITh BBIOPAaH TaKUM 0Opa3oM, 4TOObI Yepe3 HUX BCErja Ipo-
TeKaJ XOTsl Obl MUHMMAJIbHBIA TOK. TeM He MeHee, JAHHBIA METOJ [OKA He IIOIYYII
[IMPOKOTO PACIIPOCTPAHEHUS B KOMMEPUYECKUX PaspabOTKax.

2.4.4. Knacc AB-cpepHee reomeTpuyeckoe

Knaccuueckoe ob6bpdacHenmne IIpUHIIUIIA p8.6OTbI YCUJIUTEJIA KaacCa B IpearoJjaraeT, 4YTo
ABYTIOJIAPDHOE HAIIPSAKEHNE Ha 6aszax TPaH3UCTOPOB /IBYXTAKTHOI'O KaCKaZla JOCTAaTOYHO
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TOYHO TE€pPelaeTcs Ha MX 3MUTTEPbl U YTO MPU 3TOM TPAH3UCTOPHI MEPEKII0YAIOTCS
OJTHOBPEMEHHO TIPH CMEHE MOJIIPHOCTH YCHINBAEMOTO HAIPSIKEHUS 1 pabOTatoT CTPO-
ro nonepemento. Ha mpakTuke nepeksioyeHue MIPOUCXOAUT He Cpasy U M3-32 3TOrO
HaOJTI0IaeTCST NCKasKEeHNE THIA «CTYIEHbKa» B BBIXOAHOM CHTHaJe. B TMpakTudyecKu
UCIIOJIb3YEMbIX CXeMaX B IE[M AMUTTEPOB OOGOUX TPAH3UCTOPOB YCTAHABJIMBAIOTCS
CTIeNUaTbHble PE3UCTOPBI, KaK TIOKA3aHO Ha PUC. 2.5, OHU MOBBIMAIT CTAGUILHOCTD
B peKMMe ITOKOS 1 3alUIIAI0T TPAH3UCTOPBI OT IeperpysKu.
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Puc. 2.5. CraHgapTHas cXeMa € ABYXTOKTHbIM 3MUTTEPHBIM NOBTOPUTE-
nem B Kauectse okoHeuHoro kackaga YM3Y u peaucropamu B uenm
aMUTTEpA

Eciv nmannble pe3aucTOpbl UCKIIOYUTH U (POPMUPOBATH HAINPSLKEHUE CMENIEHUS
TPAH3UCTOPOB OKOHEYHOTO KACKAJA C MOMOIIBIO JBYX MOA00PAHHBIX Au00B [21], TO
MPON3Be/ieH e TOKOB, KOTOPBIH TedeT depe3 06a TPaH3nCcTopa, OYAET TTOCTOSTHHBIM:

I, * I, = const.

OrTciofia 1 Ha3BaHWe METO/Ia — «CPe/lHee TeoMeTpuiyeckoes. JlaHHbIN MeTo/] U3Be-
CTEH CPe/u MPOEKTUPOBIIUKOB ONMEPAI[HOHHBIX YCUJIUTEIEH, OH faeT 6oJiee TIaBHBII
repexo]i HANPSKEHUS TIPU CMeHe TOJIIPHOCTU YCUJIMBAEMOTO CUTHAJA, HO 3TO He
00s3aTeIbHO 0O3HAYaeT MoHMKeHne Koah@uimenTa HeJIMHeHHbIX ucKakenuil. Ipn
MPOEKTUPOBAHUN HeWHTEerpaibHbix YMJ3Y nanHas TeXHUKA TPAKTUYECKH He
HCIIOJIb3YEeTCs, Bellb B CXeMe Ha AMCKPETHBIX 9JeMEHTaX HeJib3sl 00eCIeYnTh Ty JKe
UIeaIbHOCTD MOAG0pa XapaKTEePUCTUK P-N-TIEPEXOI0B U UX TEIJIOBYIO CBsI3b, KaKast
UMeeTCsI B WHTETPAJIbHBIX YCUJIUTEJSIX, BCE 2JIEMEHThl KOTOPBIX BBIITOJHEHBI HA
0011eil MoToKKe.

Bo-BTOpbIX, MMIleZIaHC SMUTTEPHOTO IEPEXO/Ia BBIXOJHOTO TPAH3UCTOPA JOJIKEH
obecrieunBaTh JOCTATOUHOE TIajl€HIe HATIPSKEHM, YTOOBI BBIKJIIOUUTD APYTroii TPaH3U-
CTOP JIBYXTAKTHOTO BBIXOJTHOTO KACKA/[a, T03TOMY TPeOYeTCsl UCIIOIb30BATh JIOMOJHIU-
TeJIbHbIE HJIEMEHTHI, Ha KOTODPBIX Obl Iafajio JONOJHUTENbHOE HAIPSKEHUE, YTO
YCJIOKHSIET CXEMY.
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WcnonbayeTcst 1 APYTOi TTOAXOM, TPU KOTOPOM
1/1,-1/1,=const,

OH HOCHUT Ha3BaHWE «FAPMOHMYECKOTO cpenHeros [22]. JlanHbIi MeTo TpeyiosKeH
CPaBHUTEIHLHO HEJABHO, U €Ie PAHO /aBaTh TOUHBIE OIEHKN 00 3 (hEeKTUBHOCTH €ro
MIpUMeHeHUs B HeMHTerpasbHbIX ¥ M3Y.

2.4.5. BnoxxeHHble KOHTYpbl O0C

JlOBOJIBHO M30MIPEHHAsT U JIOCTATOYHO CJIOXKHAST METOMKA MCIIOJIb30BAHMS HECKOJIb-
KHMX KOHTYPOB OTPHIIATEIbHOM 0OPaTHON CBsi3u omrcaHa B [23].

2.5. Yemnutenum nepemMeHHOro CMrHana u yamnmuresnm noCctosHHOro Toka

Mexny oTaeabHbIMU KacKazamu Y M3U MoKeT UCIIOIb30BaThCst JIMOO CBSI3b TI0 Mepe-
MEHHOMY, JIU0O 110 IIOCTOSIHHOMY TOKY. B 11epBoM ciiydyae uMeeTcs: o/(Ha IMHA IIMTaHUsI
U HyJIeBasl UIMHA, CMEIEHNe YCUIUTEIbHBIX 9JIEMEHTOB OAOUPAETCs IIPUMEPHO PaB-
HBIM HATIPSDKEHUIO MEKIY HUMU, YTOOBI 00ECIIEYNTh CUMMETPUYHOE YCUJIEHHE CUTHA-
JIa MAKCUMAJIbHON aMIIJTUTY/Ibl, & MEXKY KaCcKaJaMU JIJIsSi Pa3BA3KU 10 TTOCTOSTHHOMY
TOKY YCTAHABJIMBAIOTCS KOH/IEHCATOPBHI, TPOITYCKAOIIN€e TOJBKO TIePEMEHHBIN CUTHAJI.

Bo BTOpOM ciydae UMeIOTCs MOJIOKUTEbHAS U OTPUIlaTeIbHAs IIUHBI TUTAHUS,
a HallpsiKeHUe CMellleHHs] OKOHEYHOTO KacKaja BhIOMPAeTCs PaBHBIM HYJIIO, II09TO-
My HMKAKO¥l PasBA3KH 110 MMOCTOSIHHOMY TOKY He TPeOyeTcsl M MCIOIb3YeTCs HEello-
Cpe/ICTBEHHAs CBA3b MEXKY KAaCKa/laMM, a TaKyKe MKy OKOHEUHBIM KacKajioM U Ha-
TPY3KOI.

[IpenmymiectBa Y M3Y ¢ pa3BA3bIBAIONIMMEU KOHIEHCATOPAMU:

1. HampspkeHne MOKOSI Ha HATPy3Ke BCET/la PaBHO HyJo (ecim mpeHebpedb
yTeYKaMH B BBIXOZHOM KOHJECHCATOPE).
2. Jlerko yCTpaHUTH IEJYOK B TPOMKOTOBOPHUTEJISIX, KOTOPBI HabJIIOaeTCst

MPY BKJIIOUEHUN NCTOYHUKA TTUTaHUsI. BBIXOMHOW CUTHAT TIPU BRIIOUEHUH
JIOJIZKEH MTOBBICUTDHCS JI0 ITOJIOBUHBI HATIPSKEHUS U TAHUsI, HO 9TO IIPOUCXO0-
JIUT JOCTATOYHO MeJIJIEHHO U HE BbI3bIBAET HUKAKOTO CJIBIIIUMOTrOo adexTa.

3. He tpebyercsa kakux-1u6o Mep IPefoCTOPOKHOCTH [JIsl 3alIUThI AUHAMU-
Ka OT [OCTOSTHHOTO TOKa, 3Ty padoTy OepeT Ha ceOs pa3BsI3bIBAIONINN KOH-
neHcartop. B ciydae MCHOMB30BaHUS CBSI3U IO MOCTOSTHHOMY TOKY JIJISI
3aMIUTHI JUHAMUKA [TPUIILIOCH ObI YCTaHABJIUBATD HEHAEKHOE PeJie.

4. Yeunurenb MoKeT ObITh O0JIee IPOCTHIM, TaK KaK Jierde 00ecedynTh 3allu-
Ty OT MEPErpy3Kdu IMPU KOPOTKOM 3aMbIKAaHUU HA BBIXO/E: MMIIEAHC
HATPY3KHU TPEACTABISET COOOI 1Ielh, 0OPA30BAHHYIO TTOCIET0BATETEHBIM
BKJIIOUEHUEM BBIXOIHOTO KOHIEHCATOPA U TOJIOBKU TPOMKOTOBOPHUTEIS.

5. Her HE0OXOAUMOCTH HCIIOAB30BaTh KaTYIIKK WHAYKTUBHOCTH JJIST TIOBBI-
HIEHKS CTaOMIbHOCTH. BoJIblre 31eKTPOIMTHYECKIE KOHAEHCATOPbI, yCTa-
HaBJiMBaeMble HA Bbixozie Y M3Y mepen Harpy3Kkoit, UMEIOT 3aMeTHOE AKBU-
BaJIEHTHOE TIOCJIE0BATENbHOE COMPOTUBIEHNE W MAJIYI0 WHIYKTHBHOCTH
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(mecsitku HI'H). 3HAYEHME COTTPOTHBIIEHUS IJIsT THITUYHBIX CTy4aeB OKa3bl-
Baetcs nopsiaka 100 MOM, 5TOro BIIOJIHE JOCTATOYHO, YTOOBI HEUTPAIM30-
BaTh eMKOCTHBII XapakTep Harpy3Ku U He TpeGyeT UCIIOAb30BaHM IOII0I-
HUTEJIbHbBIX KaTyHIeK I/IHlIyKTI/IBHOCTI/I.

[Ipenmymiectsa YM3U ¢ Hermocpe/ICTBEHHBIMU CBI35IMUA MEXKIY KacKaZlaMu:

1.

He tpebyercs ucIob3oBaHie BHIXOAHOIO KOHAEHCATOPA 3HAYUTEIbHOM
emrocti. C Pyroii cTOpoHBbI, HEOOXOAUMO ABYIIOJSIPHOE TIUTAHUE, CJIEI0-
BaTeJIbHO, MPUAETCS UCIOJb30BAaTh KAK MUHUMYM OJIMH JOTIOJHUTETbHBIN
unpTpytomuit KoHzeHcaTOp (a TaKXKe NPYTrHUe 3JEMEHTbI, B YaCTHOCTH
MIPE/IOXPAHUTETD ).

TeopeTruecky IPY BKIIOYEHUN UCTOYHIKA ITUTAHWS TIETYOK B TPOMKOTO-
BOpHUTEJe He JOJUKeH HaOGJI0IaThCsl, TaK KaK BBIXOJHOE HAMPSIKEHUE
B OTCYTCTBHE BXOIHOTO CUTHAJA BCET/IA PABHO HYJIIO U HE TOJKHO JOCTHT-
HYTh MOJIOBUHBI HANMPSKEHMS MMUTAHUS, KaK 9TO TPeOOBAIOCH B CJyYae
HCIIOJIb30BAHUS KOHIEHCATOPA, GIOKUPYIOIETO TIOCTOSHHBIN TOK. OIHAKO
Ha TIPAKTUKE MOCTOSTHHBIE BDEMEHH PA3JIMYHBIX 2JIEMEHTOB TIeTIei cMelie-
HUS TPAaH3UCTOPOB PA3JIUYAIOTCS JOBOJBHO CUJIBHO, YTO MOXKET BBI3BATH
3aMeTHbIe OTKJIOHEHMS] BBIXOAHOTO HAIPSUKEHUS B HAYAJIbHBIH MOMEHT
BryoueHust YM3Y. I[loaToMy MCTONMB3YIOT pesie, KOTOPOe TOAKII0YAET
JMHAMHUKH C HEKOTOPO# 3aJIEPIKKO# TIOCTIe BKIIOUYEHNUS, KOT/Ia BCE TIEPEXO/I-
HBIE Ipolecchl B cxeMe 3akoHdyarcs. OOBIYHO JJIMTENBHOCTD 3aAEPIKKH
MEHBIIIe OTHOU CEeKYH/IBI.

CBsI3M 110 [EPEMEHHOMY TOKY CUYUTAIOTCSI HE CJMIIKOM <MOJHBIMU»
B ayZIMOTEXHUKE, TI0ATOMY HEMOCPEICTBEHHDbIE CBSI3M MEXAY KacKaaaMu
HO3BOJISIOT U30eKaTh HEKOTOPBIX TPYAHOCTEH B 00JaCTH MAPKETHUHTA.
Bce ele gocraTouHo pactpocTpaneHo 3abiyxiaenue, uto YM3Y ¢ Hero-
CPECTBEHHBIMU CBSA3SIMU 0OeCIIeunBaloT Jyydliee 3HaueHe Koaduimen-
Ta gemipuposanus (cM. pasaen 1.6.7) aKoObl 13-3a TOTO, YTO B HUX OTCYT-
CTBYET JIONOJHUTEIBHOE COMPOTUBIIEHNE BBIXOMHOTO KOHJEHCATOpA. JTO
HEBEPHO, HO JIy4Ille YCIOKOUTDH MOTEHIIUAJIbHBIX MOKYIaTeeil U B 3TOM
OTHOIIIEHU.

YcTpaHsIoTCsT NCKaKeH WS, CBSI3aHHBIE C BBIXOMHBIM KOHAEHCAaTOpoM. Kak
II0OKa3aHo Ha puc. 2.6, 7151 BBIXOAHOIO KoHeHcaTopa eMKocTbio 6800 Mx®D
mpu MottHOCTH Y M3Y 40 Bt 1 conpotuBiennn Harpy3ku 8 OM 3aMeTHBIM
SIBJISIETCST YPOBEHD TPEThE FApMOHUKH; COOTBETCTRYIoIee 3HaueHne KHI
nocturaet 0,0025%. ITo MPaKTUYECKH B IISITH Pa3 MPEBBIINAET HCKAKEH,
reHepupyeMble B CAaMOM YCHUJIMTENIe Ha 3TUX YacToTaX. Kpome Toro, Beu-
yuHa KHU 3ameTHO pacTeT Ipy MOHMKEHUW YaCcTOThI, TPUYUHA ITOTO HE
COBCEM SICHA.

WN3BecTHO Ba MeTOZA YCTPAaHEHWS MCKAKEHWH, CBA3AHHBIX C BBIXOJI-
HBIM KOHJIEHCATOPOM. PerieHue mpobJeMbl «B JI00» MOACKA3bIBAECT
UCII0Jb30BaTh KOHAEHCATOP OY€Hb OOJIBLION EMKOCTH, Y€M 9TO OOBIYHO
Tpebyercs. [Ipumep mis yeumureas Aerovox ¢pupmbel BHC nokasaH Ha
puc. 2.7. PazpaGoTaHHBI CIIEIMANbHO AJIsI Ay JUOTEXHUKU KOHIEHCATOP
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AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(HZ) 01 DEC 95 20:15:52
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Puc. 2.6. [ononHutensHas BENMYUMHA HENMHEMHBIX MCKAXEHWH,
06yCnoBNEeHHbIX BAMSHMEM BLIXOJHOTO KOHAEHCATOPA EMKOCTbIO
6800 mk®P npu mowHocTH BbixogHoro curHana 40 B u conpotnenernu
Harpysku 8 Om. KHU yBenuumeaetcs ¢ nageH1em 4acToTbl curHand, Kak
M B MONIOCMTHANBHOM CAyHa€, HO TOKXE HABNIAAETCS AOMNONHUTENbHBIN
poct KHU Ha cpepHmx yacrotax

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(HZ) 14 AUG 96 19:58:19
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Puc. 2.7. 3Hauenne ko3P PULMEHTA HENMHEMHBIX UCKAKEHUH YCHnUTE-
ns ¢ BLIXOAHBIM KOHAEHcaTopoM 1 6e3 Hero ana ycunutens BHC Aero-
vox. Emkocts kongencatopa 100000 mk®, seixogHas mowmocts 40 Br,
conpoTtuenenue Harpysku 8 Om




54 | TJIABA 2. UICTOPUSA, APXUTEKTYPA U OTPULIATEJIbHASI OBPATHAS CBA3b

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(HZ) 14 AUG 96 19:43:35
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Puc. 2.8. 3Hauenne K0apULMEHTA HENMHEMHBIX UCKQKEHUM yCHnUTe-
ns ¢ kongercaropom Cerafine u 6e3 Hero (4700 mkP/63 B)

Cerafine Supercap, kKak yTBepsK/IaeTCsl, TIO3BOJISIET CHU3UTDH MCKAKEHUST Ha
cpennux yacrorax (puc. 2.8). Onnako Bce enie 3ameren ypoBenb KHU na
HU3KKX YacToTaX. HensBecTHO, KAKUMU UMEHHO CTIETHaTbHBIMU CBOCTBA-
MK 00J1a1aeT Ha3BaHHBINA KoHAeHCATOp. HacKOMBKO M3BECTHO aBTOPY, AJIS
OOBIYHBIX HJIEKTPOJUTUYECKIX KOHIEHCATOPOB HE XapaKTEePHO HU3KOe 3Ha-
yenne KHIU Ha cpeganx 9actoTax, KOTopoe 3aech Habmogaercs. [abapuThr
konyencatopa Cerafine 104t BIBOE TPEBBIIIAIOT PasMepbl 0OBIYHOTO TOM
JKe €MKOCTH, TI09TOMY MOJKHO IPE/IIOJIOKUT, YTO B HEM HCIIOJb3YETCsI
6oJiee TOJICTBIN UBJIEKTPUK MEKIY OOKJIAJKaMI, YeM B OOBIYHOM KOH/IEH-

caTope, PACCYMTAHHOM Ha PabOTY MPH TOM Ke HATIPSIKEHUH.

JIo60# 13 MOMOGHBIX CHEATBHBIX KOHAEHCATOPOB CTOUT GObINE, YeM
BCE OCTaJIbHBIE 3JIEKTPOHHBIE KOMITOHEHTDI, BMecTe B3sThie. [la 1 pa3mepbl
UX He cJIUIIKOM MaJjbl. [ToaToMy HaMHOTO JIydllie HCII0JIb30BaTh HENocpel-

CTBEHHYIO CBA3b, JaK€ B C/Iydae IIPUMEHEHUA 3alllUTHOTO peJie.

MaJsounsBecTHbIE CJIOKHOCTH € BBIXOHBIM KOH/IEHCATOPOM COCTOSIT B TOM,
YTO MX PEaKTUBHOE CONPOTHUBJICHUE HA HU3KUX YAaCTOTaX YBEJIMYUBACTCS
pu HarpeBanuu. Ha mpakTuke 3TO IPUBOJAUT K JOMOJHUATETHbHOMY (ha3o-

BOMY C/IIBUTY.

6. OTcyTCTBYET IOCTOSHHBIN TOK B HYJIEBOH MMHE. B ciryyae ncmoab3oBaHus
OJTHONIIOJISIPHOTO ITUTAHUS M MEKKACKAIHBIX KOHIEHCATOPOB 4Yepe3 HyJe-
BYIO IIUHY TEYET TTOCTOSTHHBIN TOK, YTO SIBJISIETCS] CEPbE3HOH TPOBIEMOit

" CJIYKUT UCTOYHUKOM JOIOJIHUTEJbHBIX ITOMEX.

2.6. OTpuuaTenbHas obpaTHas cBa3b B YM3Y

B aT011 KHUTE He cTaBUTCS 1eJIbIO O6Cy>KI[aTb dJIEMEHTapHbI€ CBEJICHUA U3 TEOPUUN yCU-
JIUTEJIBHBIX CXEM, OHAKO Ja’Ke KpaTKOe 3HAKOMCTBO C MHOTOYMCJ/ICHHBIMU Hy@HHKa-
IUAMHA B JXypHaJaX IO ayJAMOTEXHUKE ITOKa3bIBAE€T, YTO H&6JIIOI[8.€TCS[ 3HAYUTEIbHBII
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GecropsiIok W HegomoHuMaHue Toro, kak paboraer OOC B yCHJIMTENSIX MOLIHOCTH.
Bo3MOKHO, MHOTHM KaXKeTcst HeOObSICHUMBIM caM (DAKT, UTO ¢ MOMOIIBIO TOa4N YaCTH
BBIXOZHOI'O CHI'HAJIa 0OPaTHO Ha BXOZ YCHIUTE/IS MOKHO JOOUTHCS HOBBIIIECHMS Kade-
cTBa 3ByuaHus. I[10aToMy 3/1eCh MBI TIPUBEIEM HECKOJIBKO Haub0JIee OUEBHIHBIX I0BO-
10B, 6oJ1ee moApoOHOE 0OCYKAEHIE IIPOOIEMBI JKAET YATATENS B TJIaBe 7.

I1aBHBIMU IPUYMHAMU UCIIOJIb30BAHUA OTPULIATENbHON 0OpaTHOl cBsizu B Y M3Y
SIBJIAETCA TO, YTO C €€ TIOMOIITBIO IOCTUTAETCS CHIKeHre K0ahPUImeHTa HeTMHEHBIX
WUCKaKEHUH, BBIXO/IHOTO COMPOTHUBJIEHUS U MTOMEX IO MIMHAM nuTtaHus. Kpome Toro,
MOBBIIIAETCST CTAOMIBHOCTD KO3 (MUITHEHTA YCUIEHNST HA PA3JIUYHBIX YaCTOTaX 1 CHU-
JKaeTcst ipeiid 1Mo MoCTOSTHHOMY TOKY, HO 3TO B ciiy4dae nmpoektupoBanust Y M3 menee
BaKHO.

B coorBercTBuM ¢ si1eMeHTapHOIl Teopreil 06paTHON cBsi3u Koadduiment kK yiyd-
IIeHHs JIF0OOTo TTapaMeTpa olpeeseTcs 1o GopmyJie

k=A-b 2.1)

rne A — xoaduiment ycunenus: ¢ HesaMKHYTBIM KoHTypom OC; b — ocnabienue
B uer OC. B GosbuivHcTBe caydyae KoabduimeHT k MoKeT ObITh HalifleH Kak OTHO-
menne Koapduimenta ycuiaenus ¢ He3aMKHYTBHIM KOHTYpoM OC u xoadduimenta
YCUJIEHUS C 3AMKHYTBIM KOHTYDOM.

B mpocteix cxemax ncnonbzoBatue OOC He BBI3BIBACT KaKUX-JTHOO CEPbE3HBIX
tpyanocreit. Tunnuneiii YM3Y He moxer paborars 6e3 ucnonbzoBarus OOC xors
OBl TIOTOMY, YTO B TPOTUBHOM CJIy4ae OH GbI TPOCTO BOIIE] B HACBIIIEHHE MO AeHCTBHY-
eM HanpsikeHus cMenienns. Ho B kaskom kackaze Y M3Y HakanamBaeTcss HEKOTOPBIT
caBur $asbl YCUIMBAEMOTO CUTHANA, TTO3TOMY TIpU 3aMbikaunu KoHTypa OOC B03-
MOZKHBI TIPOGJIEMBI ¢ YCTOWYHUBOCTBIO YCUJIEHUST HA BBICOKUX 4acToTax. B pesysbrare
CaMOBO30YK/IEHUST MOTYT OBITh UCIOPYEHBI TPOMKOTOBOPUTENN, & TAKIKE BBIXOJHBIE
TPAH3UCTOPbI, KOTOPBIE HE CMOTYT IEPEKJII0YAThCS JOCTATOYHO OBICTPO HA BBICOKHMX
YaCcTOTaX CUTHAJIA.

Jlis yeTpaHeHust yCIOBUH, TP KOTOPBIX BO3MOYKHO CAMOBO3OY KIEHNE YCHUIITES,
WCIOJIB3YIOTCS Pa3JMdHble METO/bl KoMIeHcanuu. Harmpumep, MOKHO TPUMEHSTDH
KOHJIEHCATOP, BKIIOUEHHBIT MEKY KOJIEKTOPOM 1 6a30i TpaH3nucTopa, — 310 obecre-
quT cnaj Koaddurmenta ycunaenus npu HezaMkHyToH metie OOC co ckopocThio 6 1B
Ha OKTaBy, B pe3yJbTarTe eJUHUYHOE 3HaueHue Koaduuuenta ycuneHus Oyaer
JIOCTUTHYTO TIpeX/e, 4eM (ha30BbIN CABUT JOCTUTHET KPUTUYECKOW BEJUUYMHBI, TIPU
KOTOPOI HauHeTcs caMoBo30y:xiaeHue. OQHaKo npu 9ToM Koah@UIMeHT 06paTHON
cBs13u GyJIeT 3aBUCETh OT YacTOThl (06 3TOM (hakTe 4acTo 3a6BIBAIOT), @ HTO HE BCET/a
XOPOIIIO.

BaskHO MOMHUTB, YTO aMILIUTY/AA 000 TapMOHUKK Ha BBIXOJE YCUJIUTENS, KaK
OITUCHIBAJIOCH BHIIIIE, 3aBUCAINAs OT TJIyOUHBI OTPHUIIATEJbHOM 00paTHON CBsi3u (pas-
JINYHOH Ha PasHbIX 4aCTOTaX ), OyZeT yMeHbllleHa 10/ A CTBIEM 3T0i 06paTHOIL CBI3U
B COOTBETCTBUU CO C80€l YACTOTOI (a He 4YaCTOTOH OCHOBHOI TADMOHHUKH yCUITNBAEMO-
ro curHama). [loatoMy 1O BO3MOXKHOCTH <«BBITO/[HEE» TE€HEPUPOBATH B YCUJIUTENE
MJTQ/IIITE TAPMOHUKY (€CJTH, KOHEYHO, €CTh BO3MOKHOCTh BBIOOPA), a He CTapIiue, TaK
kak OOC cMoxeT 60poThest ¢ HUME GoJiee 9P HEKTHBHO.
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OtpuriarenbHast 06paTHast CBsI3b MOXKET OBITH JTUOO0 0KAILHOU (MECTHOIT), TO €CTh
MIPUMEHSITBCS K OTAEIbHOMY YCUJIUTEITbHOMY KacKaly W HETTOCPEICTBEHHO K aKTHUB-
HOMY 3JIeMeHTY, Jn60 2106arvnoi (061eit), IPYrUMU CJIOBaME, OXBATHIBATH BECH YCHU-
sutesib. O6mas OOC Gosiee 3(HEKTUBHA ¢ TOYKU 3PEHUST YMEHBIIEHUST HCKaKEHIIS,
4eM JIOKAJIbHbIE COOTBETCTBYIOIIEH IIyOUHBI, HO JJIs Hee XapakTepHbl GoJiee cTporue
TPaHUIIBI OMYCTUMOTO (ha30BOTO CABHUTA, TIPH KOTOPOM ellle He HabIII0aeTCsl CAMOBO3-
OysKIeHMe YCUIIUTEIS.

BblItite 4acTOTHI OCHOBHOTO TIOJIOCA YCUITUTEIb HANPSTKEHNsT paboTaeT Kak HHTerpa-
TOP, BHOCS B CUTHAJ MOCTOSTHHBIN (ha3oBbiii caBuT, paBHbIi 90 rpagycam. JIpyrumn
CJIOBAMH, €CJIF MBI XOTUM JOOUTBCS XOTs ObI TIPUOIU3UTENBHOI CUH(DAZHOCTH BXOIHO-
ro U BBIXOAHOTO curHaioB Y M3Y, To TpebyeTcst 06ecieunTh A0TOJTHUTEIbHBIN (haso-
BB CIBUT Ha BbIXOjie iepBoro kackajaa Y M3Y, pasubiit Takske 90 rpagycam. Otpuiia-
TesbHass 06paTHAs CBA3b paboTaeT TAKUM 00Pa30M, YTO BBIXOAHON 1 BBIXOMHOM CHUTHAT
BBIUUTAIOTCS JIPYT U3 JIPYTa, B Pe3yJbTaTe AaKe MaJbIi CIBUT (a3 MEK/IY IBYMS CUT-
HaJIAMU OTHOCUTEILHO OOJBINON aMILTUTY/IBI IPUBOAUT K TOMY, YTO PA3HOCTHBIN CUT-
HaJl IMEET 3HAUUTETHHYIO (DAa30BYIO 33/IEPIKKY.

IMosynposoaakosbie YM3Y, B orsmune oT O0JIBITMHCTBA JAMIIOBBIX, pa3padaThi-
BAIOTCS TaKUM 00pasoM, 4TOObI WX KOa(DMUIMEHT YCUTEHUST TIPU 3aMKHYTON TIETJIE
OOC 6bu1 nocroguubM. Ecii ucosb3yercss 00blYHAS KOMIIEHCAIMS € IIOMOIIBIO
OCHOBHOTO TIOJTIOCA, TO KOI(DDUIMEHT YCUIEHNS Ha BBICOKUX YaCTOTAX IIPH PA30MKHY-
toii ietsie OOC He 3aBUCHUT OT YaCTOTHI, IO9TOMY TaK BasKHO, YTOOBI GbLIA TIOCTOSTHHON
ray6uHa 06paTHOM CBA3U — TOJBKO TaK MOKHO B 9TUX YCJIOBUAX 00ECTIEUNTh TIOCTOSH-
cTBO KoaddutnenTta ycuiaenus Y M3Y npu 3amkayToit OOC. B 1aMmoBeIx ycumim-
Tesisix Bece Haoboport: riaybuHa OOC siBjisieTcst mepeMeHHOM BETUYUHON U JIasKe MOXKET
BBIOUPATHCS TOJIH30BATENIEM TI0 CBOEMY YCMOTPEHUIO (M3MeHeH e TIyOuHBI 06paTHO#
CBSI3M CYTIECTBEHHO CKA3bIBAETCS HA YyBCTBUTENBHOCTH YCUJINTENA). [Ipyras ciox-
HOCTb 3aKJII0YAETCsT B TOM, YTO Ha BHICOKUX M HU3KHUX YaCTOTaX MPHU 3aMKHYTON obpar-
HOH cBsian AUX JTaMIIOBBIX YCUITUTEIEH UMeET 3aMeTHBIE BRIOPOCH! Ha Kpasx paboue-
ro auarnasona (tam, rae riayouta OOC yBeMurBaercs), 3To CBSA3aHO € OrPaHUYeHHON
MTOJIOCOU TIPOIyCKaHus TPaHcGHOPMATOPOB, UCIOJb3yeMbIX B JlaMITOBBIX Y M3Y. IJto
MOKHO JIOMYCTUTH, TAK KaK B IAMITOBBIX ycuiuTesx riyouna obmeit OOC He siBsiet-
€Sl KPUTUYECKMM IIapaMeTpPoOM, BJIMSIOIUM Ha KadecTBo paGorsl YM3Y. Hamporus,
PaspabOTYUKU TOJYIPOBOJHUKOBBIX YCHJIUTETIEH OCTAOTCS PABHOLYIIHBIMU K UyB-
CTBAM M JKEJaHWSAM MOTpeOuTesed, KOTaa Je0 KacaeTcss TAKUX JKU3HEHHO BayKHBIX
Belreir, kak riayouHa OOC.

2.7. Heckonbko pacnpocTpaHeHHbIX 3abnyxaeHun no nosogy 00C

Bce BbICKa3bIBaHWs, IUTUPYEMbIE HUKE, MHOKECTBO pa3 MEJIbKa/JI B JIMTEPATYypE 110
BbICOKOKAQYECTBECHHOMY 3BYKOBOCITPOMN3BEAECHUIO. Bce onn HEBEPHBI.

1. Ompuyamenvnas obpammnas ceésasv eépedna. HexoTopble KOMMEHTATOPHI
cuntaior, ur0 OOC He MPUHOCUT KaKO#-11OO0 T0Mb3bl. Pasymeercst, 3T0
YTBEPK/IEHNE OCHOBBIBAETCSI TOJIBKO Ha X CyObekTuBHOM onerke. OOC —
OZHO N3 (byHI[aMeHTaJIbeIX MMOHATHUIA IJIEKTPOHUKU 1 IIPAKTHUIECKN HEBO3-
MOJKHO I/136e)KaTb €e UCITIOJIb30BaHUA B yCHJIHTeJIbHOfI TexHuke. B KaXX10M
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TPaH3UCTOPE, PaboTAOIEM B YCUIUTEILHOM KacKaje ¢ OOIIHM SMUTTE-
powm, neiictByer MectHast BHyTpertsist OOC (oHa 06ycIoBIeHa BHYTPEH-
HUM COIPOTHUBJIEHNEM SMHUTTEPHOrO Tepexoja). Boamosxkno, mogobHbie
MHEHWUSI SIBJISTIOTCS TIPOSIBJICHUEM HEJIOBEPUST: €CJTH UTO-TO XOPOIIo paboTa-
€T — 3HAYUT, YTO-TO TYT HE TaK.

IIpu npoexmuposanuu JeramenvHo GoiOUPamv HU3Koe 3Hauenue 2iyoul
OOC. 310 HeBepHO, 06mass OOC yiydiaer Bce TapaMeTpbl YCUIUTEST
u fienaet 9To TeM addekTuBHee, ueM Goubiie ee rryouna. Hemuorue orpu-
HaresbHbIE CIEACTBYS cauikoM Trybokoit OOC — omacHOCTh BOSHUKHO-
BEHUs CAMOBO30Y K/IEHUS HA BLICOKUX YACTOTAX U YXYIICHUE TIEPEXOTHOIM
XapaKTePUCTUKK BOJIM3HM OT mopora camoBo30yskaeHust. Ho atux addek-
TOB HETPYIHO U30€KaTh MIPH MPOEKTUPOBAHUU U OHH JJOCTATOUHO TIPOCTO
BBIABJISTIOTCS TIPH UCTIBITAHUH YCUITITEJIS.

B sir060M cityuae, 9To CIIenyeT IOHUMATh T10]] «<HU3KUMU 3HAYCHUSIMU> TJIy-
6unbpl OOC? OgauM 13 yOeqUTeIbHbIX IOKa3aTeIeil HeJOCTaTOYHOCTH 1103~
HAHUH KaKOTO-THO0 TOpe-CIENuagncTa B 00JacT 3BYKOBOCIIPON3BEICHHMST
BOOOIIE U B TEOPUU OTPUIIATEHHON OOPATHOI CBSI3M B YaCTHOCTH — 3aKJIIO-
YaeTcsT B TOM, YTO 3HAUEHME KAKOTO-TUO0 MapamMeTpa MPOCTO YKA3BIBAETCSI
B slennbeniax (ecm yKasblBaeTcs BOoOIIe), B TO BpeMsl Kak OOIIEM3BETCHO,
yro raybuaa OOC B yCHITUTENSAX CYIECTBEHHO 3aBUCHT OT YaCTOTHI CUTHA-
JIa ¥ TIPOCTO HA3BATh OHO YHCJIO, BBIPAKEHHOE B JIOeaxX, — 3HAUUT, HE
CKa3aTb HUYETO.

Pasymubiv 66110 651 yKasbiBath Tayouny OOC #a gacrore 20 kI, Tak Kak
JIAHHOE 3HAYEHE, CKOPEe BCETO, JIE)KUT BBIIIE YACTOThI OCHOBHOTO MOJIIOCA
U TI09TOMY B JaHHOM YacCTOTHOM JAMana3oHe KOIMDPUIMEHT YCHIEHUS
YM3Y npu pazomrnyToii iersie OOC ornpenesisieTcsi BCEro JABYyMsI-TPeMsI
aieMeHTaMH ycuauTesst. Kak mpasuio, Ha aToit yacToTe Koapduiment
yewinenus nipu pazomkrayToii OOC mazaeT co ckopoctbio 6 1b Ha OKTaBy,
[OKAa He TlepecedyeTr JUHUIO eIMHUYHOTO YCUJIEHHS, [0 KOTOPOIl Ompeneis-
I0TCSI TIPeJIeNTbl CTabIbHON paboThl yenuTest. Uto kacaercst Koadduim-
eHTa ycusenus npu pazoMkHyToit OOC Ha HUBKUX YaCTOTaX, TO €T0 3HAJe-
HUE OIpeessieTcss HAMHOTO GOJIBIIM YHCIOM MapaMeTPOB, BETUYUHY
KOTOPBIX TPYZAHO KOHTPOJUPOBAThH (Hampumep, oT KoadduimenTta nepeia-
41 ToKa 6a3bl TpaH3UCTOPa). MBI elile BEpHEMCST K 9TOMY BOIIPOCY B IJIaBe 4.
Ompuyamenvnas o6pamnas c6s3v ONACHA, €CIU €€ HENPABUTLHO NpuMe-
HAMb., ITOT MSITKUU TPIOM3M OOBIYHO MOAPA3yMEBAET CJEAYIOIIEe: eCIIH
YCUJINTENh UMEET BBICOKUIN KOI(PUITMEHT HeTMHENHbIX UCKAKEHWH, TO
koadduimenT ycusenus rnpu pazoMkuyToi rerye OOC Ha0 TOBBICUTS,
4T006b1 yBenunuTh rryouny obmeii OOC. Ho 910 BbI3oBET HECTAaOMIBHOCTh
paboThI Ha BHICOKUX YACTOTAX, YTO MOKHO MCIIPABUTh, YBEIUUUB €MKOCTh
KOMIIEHCHPYIOllero Kounercatopa. Ho 31o, B cBOIO ouepesib, YMEHbBIIUT
MaKCHMaJIbHYI0 CKODOCTh HapacTaHUs BBIXOJHOTO HAINpPSDKEHUS, 4YTO
3aMEeTHO YXY/IIIUT KAaYeCTBO 3BYKOBOCIIPON3BEIEHUS.

OueBUIHBIN HEAOCTATOK MPUBEIEHHON IIETOYKU PACCYKISHUIT 3aKII04a-
€TCsI B TOM, UTO yBEJUYEHNE eMKOCTA KOMIIEHCUPYIOIIETO KOHAEHCATOPA,
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KpoMe Bcero npouero, ymeHbmut riayouny OOC, HOCKOJIbKY OHO YMeHb-
maet KoadpuimenT ycuaeHus npu pazoMmknyToii etie OOC Ha BBICOKUX
yacToTax. IlosroMy oOpaTHas CBsg3b BpsJ JU MOXKET ObITh OOBHUHEHA
B YXYAIIIEHUY TIEPEXOHON XapaKkTepucTUKu. Ha camoM fiesie mpuuuny ciie-
JIYeT UCKaTh, BEPOSITHO, B HU3KOM 3HAUEHNUU TOKA, TEKYIIETO BO BXOIHOM
kackazie Y M3Y (ato elte oH TapamMeTp, OTBEYAIONTNI 32 MAKCUMAJbHYIO

CKOPOCTH HapacTaHUs HAINPSLKEHUS HA BBIXOJIEC YCUIIUTETS ).

4. Ompuyamenvias 06pamnas ce3b MONCEM CHUSUMb AMNIUMYOY MAAOUUX
2APMOHUK, HO NPUGECU K 803pacmanuio cmapuux. Menee paciipocrpateH-
Hasl, HO TaKXe 4acTo moBTopsieMast kanoba Ha OOC 3aKII0YAETCS B TOM,
YTO OHA SKOOBI Tepepacipe/iesisieT YPOBHU rapMOHUYECKUX MCKaKEeHHId,
ociabisgsa ux Ha 6ojiee 6JIarO3ByYHBIX M COBMECTMMBIX C Ka4eCTBEHHbIM
3BYKOBOCIIPOU3BE/IEHNEM HU3KHMX 4acTOTaX, HO MOBBIIIAs YPOBEHb IIOMEX
Ha BBICOKMX YAaCTOTaX, T/l OHU Xy:Ke BOCIIPUHUMAIOTCS YXOM UeJOBEKa,
B pe3ysbTaTe KadecTBO Y M3U Ttonbko mnonmkaercs. CripaBeimBOCTH
panmy cjefyeT 3aMeTUTh, UYTO JIAHHOE YTBEPKICHWE COAEPKUT HEKOTOPYIO
JIOJIIO TIPAB/IbI U, BO3MOKHO, U3HAYAIBHO OBLIO BBI3BAHO HE COBCEM Ipa-
BUJIBHBIM TIOHUMaHUeM oHOH ctaThu [Iutepa bakcanpanna [24], B koTo-
PO OH IOKa3aJ1, uTo ecji B3sATh Y M3U, Ha BbIX0jie KOTOPOro mpeobJiaia-
€T TOJIbKO BTOPasd rapMOHMKA YCHJINBAEMOIO CUTHAJA, & 3aTeM, UCIOJIb3Ys
OTPHIIATEIbHYI0 OOpPATHYIO CBsI3b, IOAATh YACTh BBIXOAHOTO CHTHAJIA
obparno Ha Bxox Y M3Y, 1o nelicTBUTENBHO OYAyT CreHeprPOBAHbI TapMO-
HUKHU 60Jiee BBICOKOTO MOPSIIKA, TIOCKOJIBKY BMECTE ¢ CUTHAJIOM OCHOBHOI
vacrorsl o nerse OOC Ha Bxoj ycusuresist OyAeT MoJaHa U BTOpast rap-
MOHMKA CUTHAJa, KOTOpas BbI30BeT Ha Bbixoge Y M3Y nossienue gonoJ-
HUTEJTHHBIX TADMOHUK W3-32 WHTEPMOYJISIMOHHBIX UCKAKEHUH, TaK KaK
rapMOHUKHU OY/AyT B3aUMOJIEHCTBOBATh APYT ¢ ApyroM. Hampuwmep, B3au-
MO/Ie/iICTBHEe OCHOBHOW M BTOPOW TAapPMOHWK MOPOAWT TPETHIO, BTOPON 1

TpeTbell — nATyIo U T.J1.

Bce akTuBHBIE ycTpoiicTBa (BKIIOUAS TTOJIEBBIE TPAH3UCTOPEI, KOTOPBIE, KAK
YacTo OMMOOYHO MOJATAIOT, BHIPAOATHIBAIOT TOJHKO BTOPYIO TAPMOHHKY
YCUJITBAEMOTO CUTHAJIA) HA CAMOM JIeJie TEHEPHPYIOT CTapIiie TADMOHUKY
HebobIoro ypoBHst. OOpaTHAst CBSI3b MOTJIa ObI IEWCTBUTEIBHO TE€HEPHPO-
BaTh X cama 1o cebe, HO Ha CaMOM JieJie OHU YK€ UMEIOTCSI B YCUJIUTEJIE.
Yto B mepByio OUepeb CJAEAYET OCO3HATH — TaK 3TO MPOCTOH (HaKT, UTO
UCIIOJIb30BaHUe OTPULIATENLHONM 00PaTHON CBSI3U J0CTATOYHOM IJIyOUHbBI
MPUBEIET K OCAAOIEHUI0 TAPMOHIYECKOH COCTABIISIONIEH JTI060T0 TTOPSI/I-
Ka, KOTOPast JI0 3TOTO BhIPabaThIBAIACH yCHIUTEIeM. UTO KacaeTcst TapMo-
HUYECKUX MUCKaKeHMIT, creHepupoBanHbix camoit OOC, To OHYM HA IPAKTH-
K€ JIOCTAaTOYHO MaJibl (Belb OHU 0OYCJIOBJIEHBI CIabBIM B3aUMOICHCTBHEM
cabbIX TApPMOHUK), PasyMeeTcs, €CU Mbl PasyMHO BBIOpaiu TyOuHY
o6patHoii cBsi3u. B o6oM ciydae 6110 ObI HETPABUILHBIM OTYIEHO TOBO-
PUTD, UTO JJIs TIPAKTUYECKUX NpuMeHenuit B Y M3Y npuemieMo TOJbKO
Huskoe sHadeHue riayounsl OOC, uto-To Bpome 6 ab, kKak 910 MHOrZA

YTBEPKAAETCSL.
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Manoe snavenue nuxcnezo npedeia pabouezo OUANA3ONA YCUTUMELS NPU
pasomxuymoti nemae OOC sa61aemcs NPUMUHOL MANOU CKOPOCMU HAPa-
CManust 8blX00H020 cuznaia. MHOTHE TIOYEMY-TO CBA3BIBAIOT MEKLY cOO0i
aTH ABa mapamerpa Y M3U: HIKHIOW Pabouyro 4acTOTy TIPU Pa3OMKHY-
toit OOC 1 MakCUMaJbHYIO CKOPOCTb HApAaCTAHUS BBIXOJHOTO CUTHAJIA.
Ha camomM fieste oHU COBepIIEHHO He CBSI3aHBI, He BIMIOT JIPYT HA Jpyra
U MOTYT BbIOUpaThcst He3aBucuMO. HuskHUI mpesiesn pabouero quamna3oHa
3aBHCHT OT 3JIEMEHTOB BXOIHOTO Kackaza Y M3Y: eMKOCTH KOMITEHCUPYIO-
IIeTO KOHIEHCATOPa, BKJIYEHHOTO MeKIy 6a30il U KOJIJIEKTOPOM TPaH3H-
cropa, koabduilnenTa nepeadn Toka 6a3bl CAMOTO TPAH3UCTOPA, & TAKIKE
COTIPOTUBJIEHNEM KOJIJIEKTOPHOTO PE3UCTOPA ATOTO JKe Kackazna. Yo Kaca-
€TCsI MAKCUMAJIbHOI CKOPOCTH HAPACTAHUS BBIXOJHOTO HAMPSIXKEHUs, TO
JIAHHBIN TTapaMeTp 3aBUCUT OT TOKAa BXOJHOTO Kackaga Y M3Y u emkoctn
y:Ke Ha3BaHHOTO KOHeHcaTopa. Kak BHUIUM, TOJBKO KOMIIEHCUPYIOTIUN
KOHJIEHCATOP OKA3bIBAeT BJIMsIHUE Ha 00a MapaMeTpa, HO BCE OCTAJbHBIE
MOTYT GBITh BBIOpaHBI MPOU3BOJILHO. [TogpoGHEe MBI 0OCYAUM TaHHbII
BOIIPOC B IJIaBe 3.

ITpu npoekTupoBanun Y M3Y cyiecTByer onpe/iejeHHbIi mpeaes riyou-
el OOC, KOTOpBI MOKHO (G€30IIaCHO MCII0JIb30BaTh Ha yacToTe 20 KT,
HO 9TO He 03HAYAeT, YTO Pa3pabOTYUK BBIHYKIAEH (PUKCHPOBATH 3TO Ke
3gauenue Ha yacrore 1 kI wmu, ckaxeMm, 10 kI, Huuro He memaer ¢
najgeHneM 4acToTel yBemmunsath raybuny OOC co ckopoctbio 6 1B na
oktaBy (Wiu gaxe Obictpee). Pasymeercs, yasoerue riayoutsl OOC mpu
CHUKEHUU YACTOTBI HA KAXK/YI0 OKTaBY HE MOKET TIPOJ0JIKATHCS 110 OeCKO-
HEYHOCTH, B KOHEYHOM CYeTe ITOT TTapaMeTpP OTPAHNYEH BEJTMYNHON yCH-
Jienus ipu pazoMKHyTOM KOHTYype OOC, KOTOPBIA, B CBOIO OYEPE/Ib, OTIPE-
nessteTcst KoahdUIMEeHToM nepeaayn Toka Gasbl TPAH3UCTOPA 1 MHOTHMU
apyrumu mapamerpamu. CieoBaTesibHo, 3aBucuMocThb riayouas OOC ot
YacTOThI BBHIPABHMBAETCSI HA HEKOTOPOIl JOCTATOYHO HU3KOI YacToOTe,
KOTOPast Kak pa3 U SIBJSIETCS HIDKHUM TIPEIEIoM paboyuero Ananas3oHa yCu-
Jartess mpu pa3zoMkHyTOM KOHTYpe OOC, Ho 11 Y M3Y, KoTOpbIil HUKOT-
na He Gy et pabotaTh 1pu pasoMkHyToil OOC, aTOT ITapaMeTp He IIpeacTa-
BJISIETCS BaSKHBIM.

JloBOJIbHO TPYAHO YOEAUTHh HECTIENUAJUCTOB, YTO 3Ta YacToTa HUKAK
He BJIMSIET Ha CKOPOCTh HaPAaCTaHWSI BBIXOAHOTO HATPSIKEHUS YCUJIATEIS.
Ho 310 1 Tak sicHO [ist JIIOOOTO CTYIEHTA-MEPBOKYPCHUKA, U3YYaOIIETO
9JIeKTPOHUKY. /la’ke He CIMITKOM JOPOTHE OIEePaIMOHHBIE YCHINTENN
¢ 6osIbIIIM 3HAUEHMEM KO3(h(UIMEHTa YCUIEHUST U PEAETHbHO HU3KUM
(menee 1 T'1) HUKHMM IIpezesioM paboyero AuMarasoHa CIUIONIb U PSIOM
HUMEIOT OYeHb GOJIBIITYI0 CKOPOCTh HAPACTAHUS BBIXOAHOTO HATIPSKEHUSI.
Ozpanuuennas wupuna pabouezo duanasona YM3U ne nossorsem
nodamv 6bIXOOHOU CUZHAL HEMEONEHHO HA 6X00 YCUNUMENs, U3-3a SMOlL
sadepocku nonesnocms OOC cnuocaemes. Ha camoM ziesie HY ofiHa JIMHeHas
cXeMa He MOJKeT BBI3BAaTh YMCTOTO 3aIa3/IbIBAHNS CUTHAJA — BBIXOIHAS
peakIusl Ha BXOJHOE BO3JECTBHE BCerjla HAYMHAETCS OJHOBPEMEHHO
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C CAMUM BO3JIEICTBHIEM, Pa3yMeeTcst, 00BIYHO TPeGYETCsT HEKOTOPOE BPEMST
Ha TO, YTOOBI BBIXOJHOW CHTHAJ JOCTUT CBOEI0 MaKCHMAJbHOTO YPOBHSI.
B GosbiimHCTBE  yCwsIuTeIeil KOMIEHCUPYIONUT KOHIEHCATOP, ¢ MOMO-
1IbI0 KOTOPOT'O 33/1aeTCsl 4acTOTa OCHOBHOIO IIOJIIOCA, BHOCUT 3a/E€PKKY,
paBHyio 90 TpamycaM Ha HU3KMX YaCTOTaX, HO B IAHHOM CJIy4yae peyb UaeT
o casure (a3 Mexxy BXOJHBIM U BBIXOAHBIM CUTHAJIaMU, a HE O YUCTOM
3ama3ziplBaHud. TeM He MeHee, TePMUH «3a/I€PsKKa» 9acTO MUCHOJIb3YeTCs
BMeCTO 60Jiee TOYHOTO BBIpasKEeHUsI «(has0BbIN CABUT», YTO ¥ BHOCUT HEKO-
Topyio Tytanuily. Ha camom sieste ecim pa3pabGoOTYNK B3[yMaeT U MpaBia
«3aJIEPKUBATH> CUTHAJ OOPATHOM CBSI3U, TO HABEPHSIKA TIOJIyYUT TEHEPA-
TOP BMECTO YCUJIUTEJIS.

2.8. 00C 1 cTabunbHOCTb ycunuTens

B 60pb0e ¢ HeTMHEHHBIMU UCKaKEHISIME B apceHasie pa3padoTIrKa 0OBIYHO HMEETCST
J[BA TJIABHBIX OPYKUsL. [lepBOe 3aKTI0UAETCS B TOM, YTOOBI IBITATHCST TOBBICUTH JIMHE-
HOCTb YCUJIUTEJA ellle Ipu pazoMKHyToM KoHType OOC. JT0, pasymeercsi, BaXKHO, HO
MOMBITKU TIOBBIEHNST JTUHEHHOCTH yeunuTesst 6e3 ucnosbzoBanust OOC paHo win
MIO3/THO MIPUBOJIAT K CJIMIIKOM CJIOKHBIM U JIOPOTHM CXeMaM. AJIbTEDHATUBHBII METO/
[IPEAIOJIaraeT UCIOIb30BaHNEe OTPUIIATEIBHON 0OPATHOI CBSI3H, HACTOJIBKO TJIyOOKOi,
HACKOJIBKO 3TO TI03BOJISIET OMTACHOCTD HECTAOMIBbHOM paboTsl yeuauresist. Kak usBect-
HO, cXeMa TIepBOoro MopsjKa (MMerlas TOJIbKO ofuH mnoJtoc) npu 3ambikanun OOC
Bcer/a sBJsieTcst 6e3yCI0BHO cTabuIbHOM, He3aBucuMo ot riayoutsl OOC. TIpumepom
MOJKET CJYKUTh METOJI IMHEAPU3AINN YCUIUTEIBHOTO KACKA/IA C TOMOIIIO KOHIEH Ca-
topa MectHOH OOC, BKII0YaEMOTO MEKITY KOJJIEKTOPOM U 6a3oii Tpansucropa. OHa-
KO JI7is O0Jiee CJIOKHDBIX, HAIPUMED TPEXKACKAIHBIX, CXEM, OIUCHIBAEMbBIX OOJiee YeM
OJTHUM BPEMEHHBIM MTAPAMETPOM, JIOTOJTHUTEIbHBIE MTOII0CA YXY/IIIAIOT KA4eCTBO Mepe-
XOJ[HOH XapaKTEPUCTUKY WJIU SIBJISTIOTCSI TIPUYUHON HeCTaOUIBbHOCTH, €CJId TIyOuHa
OOC Ha BBICOKHMX 4YacTOTaX OKaKeTCS CJUIIKOM OOJIbLION. DTU HexKesaTe/bHble
3 EKTH MOTYT GBITH CHUKEHBI YCTPAHEHUEM JIOTOJTHUTEIBHBIX OJIOCOB UJIA YBEJIU-
YEHUEM UX YaCTOTBI, YTOOBI B TOM JK€ CAMOM YaCTOTHOM JIMAIIa30HEe MOKHO GbLIO 6e30-
[ACHO UCII0JIb30BaTh GoJiee Try6okyio OOC u TeM caMbIM T0OUTHCS JIydlieil THHEHHO-
ctu ycuauresst. Ho miist 9T0oro TpebyeTcst MPOBECTH aHATU3 CXEMbI C I[EJIbI0
oTIpe/iesIeH s YACTOTHI ee MOJII0COB U UX KOJTNIeCTBa.

B mpuHIMIIE, 9acTOTa OCHOBHOTO TIOJIIOCA MOXKET OBITh PACCUUTAHA JOBOJBHO IIPO-
CTO, 9TUM MBI 3afiMeMCsT B CAMOM Hauajie TpeTbeil riaBbl. Ho Ha mpakTHke OKa3bIBaeT-
cs1, UTO JiBa HanboJiee Ba)KHBIX TTapaMeTpa, BIUSAOINX Ha 3HAUYEHUE 3TOM YacTOTHI, —
koa(dbuIMeHT mepesadn ToKa 6a3bl TPAH3UCTOPA U KOJJIEKTOPHDBIN MMIIEJAHC — HE
M3BECTHBI TOYHO. B pesysibTaTe 4acTOTa OCHOBHOIO IOJIIOCA MOKET OBITh OIleHEeHa
Jiniib pubsmusuTesnbHo. K cuacTpio, caMm 1o cebe 3TOT mapaMeTp He BIUsET Ha CTaOuIIb-
HOCTb ycunuTes. UTo JeiicTBUTENBHO BasKHO OIIPeNenTh, Tak 910 rirybuny OOC Ha
BBICOKUX YaCTOTax.

[TosoxkeHre BBICOKOYACTOTHBIX IOJIIOCOB OIPEJEJSIeTCs] BHYTPEHHEN €MKOCTBIO
MEPEXOJIOB TPAH3UCTOPA W JPYTMMHU MapasuTHbIMK (g dekTamu, a He HOMUHAJIAMU
a7IeMeHTOB cxeMbl. [1oaToMy sanHbie ahPeKThI GoJiee 3HAUNMBI B BBIXOJHBIX KaCKaax
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YM3Y, rae ucrnonb3yoTcs MeHee BBICOKOUACTOTHBIE MOIITHBIE TPaH3uCTOphl. Harmpn-
Mep, B cxeMe, n300paskeHHOoU Ha puc. 6.16, tpansucrop MPSA06 umMeer MakcHMaJIb-
nyto yactory ycuuaerust 100 MI'n, tpanzucrop MJE340 — 15 MT'it (rtouemy-To JaHHbIH
nmapaMeTp Jaske He YKa3bIBaeTCs B creU(UKAINUIX), a MOITHBIN TpaHauctop MJ802,
YCTaHOBJIEHHBI B OKOHEYHOM Kackajie, — Bcero 2,0 MI'm. fcho, yTo umenHo nocJies-
HUIl TTapaMeTp sIBJsIETCs HanboJiee BayKHBIM JJIsl OLEHKH TI0JIOKEHUST BBICOKOYACTOT-
HBIX TIOJIIOCOB.

[lpyroii Borpoc 3akJioyaeTrcss B TOM, KaKOW MOPSIOK MOJIEJNU WCIIOTb30BaTh JIJIs
KaKI0T0 Kackajia. Beib KaskIblil TPAH3UCTOP He 00s13aH OMUCHIBATHCS MOJIEJIBIO TTEPBO-
TO TIOPSI/IKA C €/IMHCTBEHHBIM MOJTIOCOM.

CymiecTByer oOIIUpPHAs OTPAC/Ib 3HAHUH, KOTOPask 3aHUMAeTCsl BOIPOCAMK YCTO¥-
YMBOCTH CHCTEM C OOPaTHOM CBS3bI0 — 3TO TEOPHUSI aBTOMATUYECKOIO YIIPaBJIEHHUS.
B 11060M KHIZKHOM MarasuHe, rjie IPOAaeTcs TeXHIYecKas JINTepaTypa, MOKHO HallTu
HEMAJIO YBECUCTBIX TOMOB ¢ HazBaHueM «IIpoekTnpoBanue CuCTeM yIIpaBIeHUS> WA
Bpoze Toro. JIJIs pacCMOTPEHUS CICTEM ¢ 00OPaTHOM CBS3bIO B 9THX KHUTAX UCIIOJIb3Y-
eTcsT aHAJIM3 B YaCTOTHOM oOsiacTi (Ha OCHOBE METOJIOB TpeobpasoBaHus Jlamiaca),
BBIYIC/IEHIE COOCTBEHHBIX YMCEI MATPHII, & TAKKE MHOKECTBO Pa3/IMYHbIX KDUTEPUEB
ycToluuBocTU. Pasymeercs, HCIIOJIb30BaHUE BCErO 9TOrO allllapara Tpedyer oT paspa-
60TYMKA HEMIOKUHHBIX 3HAHUN B 00JIACTH BBICIIEH MATEMATHKH.

Ho nipu mpoexTupoBannyu ay/inoycuinTeseli MeTO/[bl TEOPUU YIIPABJIEHUS HE HAXO-
IIAT IMAPOKOTO TPUMeHeHus. [IpnymHa 3Toro 3aKJ0YaeTcss B TOM, YTO 3TU METOJbI
[OPasyMeBaloT, YTO paspabOTYUK XOPOIIO 3HAET CBOMCTBA BCeX OJOKOB CHCTEMBI
1 00beKTa yIIpaBJIeHHsT, 0COOEHHO B TEPMUHAX MOJIOCOB 1 HyJtell. Ho B ciyuae npoexk-
TUPOBAHUS ay/IMOATIIAPATYPbl 9TO HE TaK.

OnuH 13 TMOAXOM0B K aHAJIM3y OTPUIATENbHON 06GPaTHOIl CBA3M B YCUJIMTEIbHON
TeXHUKe — 3T0 MofesmpoBanue B cucteme SPICE. 3nech Takke BO3MOKHO MTPOBEJIe-
HUEe MOJENMPOBaHUsI B 00JIACTH KOMIUIEKCHOW 4aCTOTBI, HO DKCIEPUMEHTBI aBTOPa
B 9TOM HAIPAaBJIEHUW HEJb3sT Ha3BaTh YAAUHBIMU — PE3YJIbTaT MOJEJUPOBAHUS MPaK-
TUYECKU BCEr/la OKAa3bIBAJICSI BEChbMa JAJIeKUM OT PeaJibHOCTU. ABTOD 3aTpY/HSETCS
HasBaTh IIPUYUHY 3TOTO, HO B JIIOOOM CJIyyae COBETYET YUTATEN0 U36eraTh MOIEIPO-
BaHUs B YACTOTHOW OOJIACTH TIPY aHAJIM3€ YCUJIUTENbHBIX yCTPOcTB. Bosee mpoct
U HaJIE’KEH JIPYTON METOJ MOJIEMPOBAaHUS, KOTOPBIM ucmoiab3yeT RC-mernoukn st
OTIMICAHUS BPEMEHHBIX KOHCTAHT, XapaKTEePU3YOITUX MOIEIUPYEMYIO CXEMY.

WHTerpaTtop

BxoaHown BbixoaHble kackaabl
andbdepeHumanshblit - C, (100 nd
Kackap, 4'

DHY1 DHY2

1R

6 2 11

Bbixoz,

1082H<DT

23 KoHTyp
oTpuuaTensbHon
o6paTHoi CBA3K

Puc. 2.9. Ananus ycronunsoctu yeunurens 8 cucteme SPICE
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Ha puc. 2.9 nokazana npocrasg mozens qis SPICE-cumynsTopa. B Helt oTpaskeHbl
TOJIBKO CaMbl€ BaJKHbIE ITApaMeTPhl YCUJIUTEJIS ¥ TPOUTHOPUPOBAHBI Takue 3(hEKTHI,
KaK HEJIMHEHHOCTD WK 00pe3aHre CUTHAIA.

KoahduimenT ycuneHus mpsiMoil 1eTT MOJIETTUPYETCS IBYMSI TTapaMeTpaMu: Koad-
¢unrenTamMu repeiadu BXOJHOTO KacKajia u mHTerpaTopa. Bxoanoi nuddepeninaib-
HbI Kackaz onucan 6gokoM G, aTo crangaprHbiii snement 6ubaunorexku SPICE —
UcmouHux moxa, ynpasisemviil nanpsicenuem (MTYH): TOK, BBIXOIAIWH U3 y3ia 4,
MPOTIOPIIMOHAJIEH PA3HOCTU HANPSIKEHU, JIENCTBYIONNX B y37aX 3 U 7. MHOXUTEb
0,09 cooTsercTBYeT KO2(hGUIMENTY Nepefadl BXOAHOrO Kackaza g = 9 MA/B. 9to
3HAUYEHWE ABJISIETCS TUMUYHBIM JIJIST YCUTUTETBHOTO KacKaja Ha OUITOJISIPHOM TPaH3HU-
crope ¢ mectroit OOC. CrabunbHocTh ycmaurenst 3aBucut ot rayouasl OOC Ha
gacrore 20 kI'1. ToT nAapameTp onpesensgercs BBIOOpoM Koadduimenta g , a Takxe
€MKOCTBIO KOMIIeHCUpyIomiero konjencaropa C, nHTerpaTopa, Tak Kak TOJbKO 9TH 1Ba
rnapaMeTpa BJIUSIOT Ha KoadduimenT ycusnenus npu pazomknyToi nerae OOC [cwm.
dopmyary (3.1)]. s MoeIupoBaHusa MbI OCTaBUIK 00a apaMeTpa, TaK KaK eMKOCTh
KoHJeHcaTopa, kpome Ty6uubl OOC, BiaMSET elle ¥ HA MAKCUMAJIBHYIO CKOPOCTh
M3MEHEHHs BBIXOTHOTO CUTHAJIA.

[l MozenmpoBaHUs KacKa/la YCUJIUTENsT HANPSKeHUST U eT0 OCHOBHOTO TIOJTIOCA
ucnosbdyercst uurerpatop E;; ¢ 6osbiinm koadbdunuentom nepegayn. Ipu emxoctu
konzieHcaropa Cy; = 100 n® ocnosHoil nomoc P1 OyIer JeKaTh TIe-TO HUMKe YaCTOThI
1 T, Ecoii BBIOpaTh GeCKOHEUHBIH (MJIH TIOUTH O€CKOHEUHbIH, HACKOJIBKO 3TO TI03BOJIS-
et cumyssaTop SPICE) xoadduiinenT mepegaun, To moaydracsa Obl UACANbHbBI UHTE-
rpatop. Ho Ha mpakTuke 3HadeHwe KOa(pUIMEHTa Mepeayn KacKajla yCUJIUTENs
HAIPSDKEHUST — He TOYHO KOHTPOJUPYEMbBIN ITapaMeTp, M0ITOMY YacTOTa OCHOBHOTO
nomioca P1 moxxer pacnosmarateest tiae-to B paitone ot 1 go 100 T K cuactsio, ator
rapaMeTp COBEPIIEHHO HE BJIMSIET HAa BBICOKOYACTOTHYIO CTAOUIBHOCTD.

OxoHeuHBIN Kackaj MojiesupyeTcst 6yhepoM ¢ eMHUYHBIM Koo PuImeHToM nepe-
naun. JIBa JOTIOTHUTEIBHBIX MOJIF0CA BBOAATCS 100aBIeHHeM K cxeMe aByX RC-1ermo-
uyek: R1C1 u R2C2. Bydep E1 nyxen, uto6sr BTOpas RC-11emb He Harpy»Kaja IepByIo.
Bropoii 6ydep E2 B HaleM ciydae He IBJISIETCs 00s13aTeIbHBIM, TaK KaK Harpy3Ka IJIst
BTOpoii RC-11em OTCyTCTBYET, HO OH MPUTOAUTCS JJis JAAJIbHEHUINETO YCIOXKHEHUS
cxemsbl. [Topamok nogkaouenns RC-neriouek He nmeer 3uavenus. [lepsas RC-1emnb
MoKaszaHa Ha puc. 2.9 Kak 4yacTh OKOHEYHOTO KacKaja, HO OHa Takyke MorJia Obl ObITh
WCII0JTh30BAHA JIJISI MOJIETUPOBAHUST XaPaKTEPUCTUK BXOMHOTO Kackazna. CTporo roso-
Ps1, OKOHEUHBIH KacKajl J0JKeH UMeTh KoadduirmeHT mepemaaun okoso 0,95, a #He 1, Ho
3TO Pa3janyre He CYNEeCTBEHHO JIJIs TeJiell MOIeIPOBAHMSL.

Homwunans! pesuctopoB n konzeHcatopoB RC-1ienovex, nmpuBezieHHbIe Ha puc. 2.9,
COBEPIIEHHO HepeasibHbI, HO OHM UMEIOT CMBIC]I He CaMU 110 ce(e, a JIUIIb B COYETAHUN
IpPYT ¢ ApyroM (IIpou3Be/ieHrie eMKOCTU ¥ CONPOTUBJIEHVS JaeT MOCTOSTHHYIO BpeMe-
HU), TI09TOMY YKasaHHble 3HAYEHUs] BBIOPAHBI TAaKUM 00pPa3oM, 4TOOBI YIPOCTHUTH
Boikaaku. Tak, nepemuoxerre R =1 Om u C = 1 Mx®D gaer T = 1 MKc. ITO COOTBET-
cTByer 1osocy Ha yactore 159 kI, M3-3a Takoro BbiOOpa HOMUHAIOB TOKU B JAHHOM
YACTH MOJIEJIBHOM TETTH, pa3yMeeTcst, OY/IyT JaeKU OT PEATbHBIX (UTO KacaeTCst Harpsi-
JKEHWH, TO OHU 3aBUCAT OT KoMOuHaiu RC, MoaToMy MOJIETUPYIOTCS TPABIIBHO).
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KoHTyp 06paTHOI CBSI3M TIPEAICTABIEH B HATIIEH MOJIEN TPOCTO MACIITAGHBIM KO3(h-
(pureHTOM, TO €CTh OJIOKOM C IIOCTOSIHHBIM KO2((MUIMEHTOM Hepeaayr. 3Hadenue 23
st koapdurmenrta ycusenus npu 3aMkKHyToM KOHTYpe OOC cOOTBETCTBYET pealib-
HOMY TOJTOKeHMIO Betreit B 6ompmuacTBe Y M3Y.

Harma Mmoziens mpesiesibHO ITPOCTa U ABJISIETCS JIMHEWHOU, TI0O9TOMY B Hell He oTpaske-
HBI, HaTlprMep, a(h(HEKTHI, 3aBUCSIIIE OT EMKOCTH KOH/IEHCaTOpa OJIOKA MHTETPUPOBa-
HUS U BIUSIONIME HA MAKCUMAJIbHYIO CKOPOCTh U3MEHEHUS BBIXOJHOTO CUTHANA. JTO
MOKET OBITh CHIEJIAHO, €CIM HAJIOKUTh OTPAHUYEHUST HA BEJUUYMHY TOKA, KOTOPHBII
MOJKET BTEKATh B IIEITb BXOJHOTO KACKa/la M BBITEKATh U3 HETO.

30
20 v(7)
10
0 v(3)
Oc 1.0 mc 2.0mc 3.0 mc 4.0 mc 5.0 mc

Bpewms

Puc. 2.10. Pesynbrar MoaenmMpoBaHus Bo BpeMeHHOM 0bnacti B cucte-
me SPICE. BxopHo# curHan — ctynetbka Beicoton 1 B — nogaercs Ha
y3en 1. Mpu ysennuenmn emkoctn konaexcatopa C,, BeixoaHoe Hanps-
xenue V(7) Bospactaer meaneHree

Ha puc. 2.10 mokazana nepexo/iHas XapaKTepUCTUKA Halledl MOJIeTN — BBIXO/[HAS
peakIus Ha BXOJIHYIO CTYIEHbKY BbicoToi 1 B B ciryuae, Kor/ia M3 CXeMbI MCKJIIOUEHBI
BCe JIOMOJHUTEbHbIE OJI0CA, KPOME OCHOBHOTO. DTO CHEJIAHO 33aJaHHEeM eMKOCTU
kongencaropos C1 u C2, pasuoii 0,00001 n®d, yrobbl MHEPIUOHHOCTD BBIXOHBIX
RC-nernovek OblsIa MUHUMATHHOW M TAPAHTUPOBAHHO HE OKa3bIBaJa HUKAKOTO BJIHsI-
Hus Ha padoTy cxembl. Kak BuamM, BeixoqHoil curdan V(7) Bospacraer 10 9KCIIOHEH-
nuasbHOMY 3aKoHY oT 0 710 23 B (a 4To erie MbI MOTJTH OKUIATD? ).

Kpowme BoixogHoro curtana V(7), Ha puc. 2.10 nokasan curdan ommbku i(gl) — 1ok,
BhITeKatomuil u3 6j0ka G (OH MaJl 110 BeJIMYUHE, TTOITOMY JIJISI OTOOPAsKEHUsI €ro Ha
TOM e TpaduKe MbI UCITIOJb3yeM MaciTabubiil Koahdunuent 1000). Ckopocts Hapa-
CTaHUS BBIXOJHOTO CHTHa/Ia 00paTHO TIPONOPIMOHAIbHA eMKOCTH Konjencatopa Cy,.
Ha puc. 2.10 nmokazanbl Tpu XapaKTEPUCTUKU, COOTBETCTBYIONIUE TPEM Pa3JIUYHbBIM
s3HauennsaM emkoctu: 50, 100 u 220 nd.
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40
20
0
-20
10y 100 Iy, 1,0 klMy, 10 ky, 100kMy  1,0MrMy,  10MIy 100 My,
YacToTa
Puc. 2.11. PesynsTat MoaenvpoBaHHs B 4OCTOTHON 061ACTU B cHCTEME
SPICE. PaBoumit AManasoH ycunuBaeMbix YQcToT CyXAETCs NpU yBenu-
YEHWUM eMKOCTH KOMMNEHCHPYIOLLLEro KOHAEHCATopa
40B
30B
20B
10B
0B
Oc 1,0 mc 2,0 mc 3,0 mc 4,0 mc 5,0 mc

Bpems
Puc. 2.12, MNepexonHas xapakTepUCTUKA MOAENBHOM CXEMbI C AONON-
HUTeNbHbIM Nontocom P2
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OmnucanHast TEXHUKA MOIETUPOBAHUST XOPOIIIO PabOTaeT Kak BO BPEMEHHOI, Tak 1 B
YACTOTHOU 06JIACTH, TOCTATOYHO TPOCTO BhimoHUTE 3anyck SPICE B pexume AC
(1lepeMeHHOTO TOKA) BMeCTO peskuMa Transient (MozeMpoBaHUE MEPEXOAHBIX MTPO-
rieccoB). Ha puc. 2.11 mpuBeseH pe3yibTaT MOAETUPOBAHUST B YaCTOTHON oOacTu —
aMIUTUTYTHO-4acTOTHAsA Xapakrepuctuka (AUX) Hameii Mojiesu.

Ha puc. 2.12 niokasaH pe3yJibTaT MOAEJUPOBAHUS BO BDEMEHHOI 00JIaCTH B CIIydae,
KOT/Ia K cxeMe J00aBJieH JOMoaHUTeNbHbIH nosoc P2 Ha vactote 1,59 MT11 (ato coot-
BerctByeT npousBesieHnio R1 + C1 = 100 uc). Kak u panbiie, mokazanel Tpu rpaduka
TSI 3HAYEHWH eMKOCTH KOMITEHCHPYIOIIero Kouaencaropa, pasubix 50, 100 u 220 nd.
Kak BuaHO, Temepb mepexoHasi XapaKTEPUCTUKA MMeeT KOJeOATEeJbHbII XapaKTep,
npudeM 1pu Cp; = 50 n®d kosnebarenbHOCTD Gostbiire, yeM mpu 100 nd.

40

20

-20

-40
10 My 100 My 1,0 kMy, 10 kMY 100 kly, 1,0 My 10MMy 100 MIy,
YacTtoTa

Puc. 2.13. AMnnuTyaHO-4aCTOTHAS XAPAKTEPUCTUKA MOBENLHOM CXEMBI
C JONONHUTENbHBIM NONOCOM P2

Ha camowm nese ato He Tak y»k crpanrso. Ha puc. 2.13 nmpuBenena AUX cxemsl., Ha
KOTOPOU BHU/HO, 4TO BHIOPOCHI BO BPEMEHHON 00JIaCTU He JIajiu CYIeCTBEHHBIX BCILIE-
CKOB aMILJIUTYIHO-YaCTOTHOM XapaKTePUCTUKY Ha TPaHUIle pabodyero ananasoHa.

Ho Bce paBHO mosrydaeTcs, 4To Jyunie ncronbsosath sHauenue Cy; = 100 nd, koto-
POMY COOTBETCTBYET Majioe 3HAueHHe BCIIECKA HA IEePEXOJHON XapaKTePUCTUKe
Y TOCTATOYHAST CKOPOCTh HAPACTAHUS BBIXOTHOTO CUTHAJIA.

Ha puc. 2.14 nokasan pesyJbrar MOJIEJMPOBAHUS BO BPEMEHHOW 06IaCTH JJIst CITy-
yag, korga R1 + C1 = 5 mkc. Kak BuguM, cucrema Bee elne crabuiibHa, XOTS HePexo/l-
Hast XapaKTePUCTHUKA UMeeT KoJieOaTe IbHbII XapakTep U BPeMsl yCTAHOBJICHUsT YBEJU-
YUBAETCS TI0 CPABHEHUIO C allePUOMIECKIM crydaeM. OTCYyTCTBHE CaMOBO30Y K ICHST
OOBSICHSIETCST TeM, YTO B CHCTEME C JBYMs IOJIOcaMi (ha3oBast 3ajlepiKKa CUTHAIA
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Puc. 2.14. PesynbTaT MORENMPOBAHMS BO BpeMeHHOM 0BnacTu npu yse-
n14eHum noctosiHHon Bpemern RC-uenm
1,0kB
0,5«B

oo

-0,5kB

Oc 1,0 mc 2,0mc 3,0 mc 4,0 mc 5,0 mc
Bpems
Puc. 2.15. PesynstaT MOAENMPOBAHMS CUCTEMBI C TPEMS MOMIOCAMM BO
BPEMeHHOM obnactn
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B IpsAMOii Henu He gocturaer 180 rpasycoB, To ecTh OTpHUIIATEIbHAS 0OpATHASI CBSI3b
ellfe He MEPEXOIUT B MOJIOKUTEIbHY0. VIHTerpatop obeceunBaeT Ha 4acToTe, JIeKAIel
BBIIIIE YaCTOTHI OCHOBHOTO ToJifoca P1, 3azep:kky, paBuyio 90 rpaxycam, Ho B RC-1eny,
WCIIOJIb3YEMOM IS MozieTmpoBanus momoca P2, 3amepxkka gocturaer 90 rpamycos
TOJIbKO Ha 6ECKOHEYHOH YacTore.

ITO SIBJISIETCS ellle OJTHUM CJIEICTBUEM ITPOCTOTHI Halllel Moziesin. PeanbHble ycuiu-
Tesm GyyT CaMOBO30Y KAAThCS IIPH CAUIIKOM Mauibix 3HadeHus1x Cp. Takum o6pasom,
OKOHeYHbIH Kackag YM3Y He MoxeT ObITh JIOCTOBEPHO CMOJEIMPOBAH C IIOMOLIbIO
CHCTEMBI TIePBOTO TOPsI/IKa (TO €CTh BCETO C OTHUM TIOJIFOCOM).

Opun u3 npesugentos CIIA yBepenno sassisin: «<Ecan aBe ommOKy He IPUBOIAT
K IPaBUJIBHOMY Pe3yJIbTaTy, TakK JaBaiiTe IOCMOTPUM, He CAEIAIOT Jik 9T0 Tpu». JJoba-
BUM K cuicteMe Tpetuii osioc P3 (puc. 2.15).

Boimosiaus mogesmposanue ipu P3 = 500 ue u P2, uamenstommcst ot 0,1 10 5 MKc,
MOKHO YBHJIETH, UTO [JINTEJbHBIE KOJEOATENbHBIE MPOIECChl HAYUHAKOTCS TIPU
P2 = 0,45 mxc. ITpu P2 = 0,2 Mkc cucrema eine crabujbHa U HaOIOAAIOTCS TOJBKO
saryxatonme Kosebanus. Ha puc. 2.15 KosebGaTeJbHBIH MPOIECC BO3PACTAET IPU
P2 =5 mkc u P3 = 500 Hc. /lake 3a KOpOTKOE BpeMsT MOZIETMPOBAHNS aMILTUTY/Ia KoJie-
GaHWil BBIPOCA IOYTH A0 KUJIOBOJIbTA. B peaybHOIl cxeMe aMIUIMTyAa KoJiebOaHuii,
pasyMeeTcs, OTpaHNYeHA HANIPSKEHWEM TUTaHus ycuauTesd. Ha mpakTuke Ha aMTIIm-
TyAy KoJieOaHUil B OCHOBHOM OKa3blBaeT BJIMsIHUE APYTOM IIapaMeTp CXeMbl — MAKCHU-
MaJibHasl CKOPOCTh N3MEHEHUS BBIXOHOTO HAIPSIKEHUSL.

HTax, Hallla MOZEJIb [IO3BOJISIET IPOBECTU aHAJIUS [TOPOTa CaMOBO30YKIEHUS CXEMBI.
JIpyroii BOIpoc — MpaBUJIbHO JIH OHA OTPaskaeT KoJiehGaTeIbHbIH IPOIECC, TPOUCXO/Is-
1yl B peasbHoil cxeme. [leyasbHO, HO Ha 3TOT BOIIPOC ITPUXOJUTCSI OTBETUTD OTPUIIA-
TeJbHO. MogennpoBatie MoKasbiBaeT 4acToTy Kosiebanuii okosro 200 kI, uro 3amer-
HO MEHbIIIE, YeM HAOJI0aeTCsl Ha TPAKTUKE. ITO OOBSICHSIETCS] TEM, YTO MBI BRIOpAIN
CJIMIIIKOM HU3KOE 3HAYeHHe 4acTOThI, COOTBETCTBYIOIIee nomiocy P2; momMumMo Bcero
IPOYEro, OHO JANEKO OT U3BECTHBIX 3HaYeHNi F|, XapaKTepHbIX /11 MOIIHBIX TPaH31-
CTOPOB, UCIIOJIb3YEMbIX B OKOHeuHbIX Kackajax ¥ M3UY. Peanbuble ycunutenu npu
YMEHbBIIEHNN eMKOCTH KOPPEKTHPYIONIETO KOH/IEHCATOPa HAYMHAIOT TEHEPUPOBATH HA
yacrorax ot 500 kI 1o 1 MT'u. BeposTHO, 5T0 00bSICHIETCS TE€M, 4YTO UMEETCst O0JIb-
110€ KOJIMYECTBO MOJIIOCOB, COOTBETCTBYIOIIUX ATUM BBICOKUM YaCTOTAM, PACIIOIOKEH-
HBIX BOJIM3U JIPYT OT Apyra, 4To U jgaeT 3¢h@dEKT GbICTPOro HaKomIeHUs: (HasoBO
3aZepPKKU B CUCTEME ¢ OOGPATHOI CBA3DIO.

Etlie ofiH — 4eTBEPTHI — TIOIIOC MOKET OBITh ITPOCTO BBEEH B CXEMY, H300pakeH-
HyI0 Ha puc. 2.9. [ljist aT0oro gocTatoyHo 106aBuTH eie oauy RC-1ienouky noce Oyde-
pa E2. Tax, eciiu P2 = 0,5 Mmkc, a P3 = P4 = 0,2 MKc, To Kojie6aHusA OYAyT MPOUCXOAUTh
Ha yacrtote 345 kI, uTo yKe GJMKe K PeajbHOMY IMOJOKEHHIO Belled. DToT ciydail
COOTBETCTBYET cTpoKe B B Tabu. 2.1.

Bosee TouHOE MOZIETMPOBAHNE TIOTYYAETCS B CJIydae UCIMOJIb30BAHUS MOJIEH TISITO-
ro nopsagka (crpoka C tabia. 2.1): P2 = P3 = P4 = 0,2 mxc, P5 = 0,01 mxc. Yro xacaer-
sl Iopora caMoBO30Y KAEHHUsI, TO OH IPU J00aBJI€HUN HOBBIX IIOJIIOCOB He M3MEHSET-
€A — CHUCTEMa OCTAeTCs JMHEWHOH, TI03TOMY OT MOPSIKA MOJIESTU B 3TOM OTHOIIEHUN
HUYEro He 3aBUCHT.
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-Ta6mmua 2.1.
YacToThl konebaTensHoro NPOLECca NPH CaMOBO3BYXAEHHM yCUauTens
Mopnens Cu P2 P3 P4 P> P6
A 100 n®d | 0,45 0,5 - - 200 xIi1
100 nd 0,5 0,2 0,2 - 345 xI'g
C 100 nd 0,2 0,2 0,2 0,01 500 kTIir
D 100 nd 0,3 0,2 0,1 0,05 400 kI
E 100 nd 0,4 0,2 0,1 0,01 370 Iy
F 100 nd 0,2 0,2 0,1 0,05 0,02 475 kIt

Bui6op Bcex Tpex mosiocoB P2, P3 u P4 Ha ofHO# U TOM ke 4acTOTe HE KaXKeTcst
CJTUIITKOM TIPABAOTIONOOHBIM, TI0ITOMY BapuaHT D JeMOHCTPUPYET, KaK M3MEHUTCS
YacToTa TeHEepaIlu, eCJU 4acToTa MOJIOCOB PAa3IUYHA. 3/IeCh TMPUIIOCH YBEJUIUThH
[IOCTOSIHHYIO0 BpeMeHu Broporo mnoJioca P2 no 0,3 MKc, 4ToObl BOBHHMKJIA TeHepallys,
B 9TOM cJiydae yactora Kojebanuii cocrasuia 400 kT, Bapuant E coorsercTByer apy-
rOMY BO3MOKHOMY BBIOODPY MOJIIOCOB. 3aMETUM, 4TO TIPU YMEHBIIEHUH MOCTOSTHHOI
sBpemenu P5 10 0,01 Mxc npuriioch yseamuutb P2 1o 0,4 MKc, 4ToObI B CXeMe BO3HU-
KJTH KOJIEOAHTS.

[Mocnennuit Bapuant F, mokasanubiii B Tabsi. 2.1, COOTBETCTBYET CJydYaio WIECTH
noJiocoB. Bei6op P6 caenan B HaziekIe IOMYyIUTh YacToTy Kostebauwuii 6osee 500 kT,
VBB, 9TH HaAEXK/bl He ONPaBIAJNCh — YacToTa KojebaHuii cocraBuia Bcero 475 kI,
Slcwo, uTo Harra Mozienh (Kak ¥ Jo6as Ipyras) UMeeT OTPAaHUYEHHOCTD aeKBaTHOCTD
Ha BBICOKUX YaCTOTAX W JIJISI TOYHOTO aHA/N3A J0JIKHA OBITh MOABEPTHYTA CEPHE3HBIM
JIOTIOJTHEHUSM.

2.9. Makcummsaums rmy6uHbl 00C

B npeabiayem pasiesie Mbl, HAZIEIOCh, 0CBOOOIUIIM YUTATESI OT OMTACEHUT UCTTOIB30-
BaTh cautkoM ray6okyio OOC B yeummrensx. Termepb mopa pazo6parbes, KaKOro
MakcuMasibHoro 3HadeHust Koadduinenra OOC MOKHO HAZEATHCS JOCTUYD IIPU Pa3-
paborke YM3Y. I1o MHEHUIO aBTOPA, CJIEAYET CTPEMUTHCS K MAKCUMAJIbHOM BO3MOXK-
Hoti rry6ure OOC, 4T06bI TOOUTHCST BHICOKOT TUHEHHOCTH YCUIUTEIS, U €THHCTBEH-
HBIH CcIepKUBAOIIUN (haKTOp 37eCh — 3TO TpeboBaHUEe CTaOUIBHON paboThl Ha
BBICOKHX 9acTOTaX. B GOJBIINHCTBE CIyYaeB JOOGUTHCSA CTaOUIBHON PaboThl 06IIEro
koHTypa OOC HeCTOXKHO, pacyeT €ro MapaMeTPOB HA BBICOKUX YacTOTaX He TIPeJICcTa-
BJISIET TPYNHOCTEH — HU MaTeMaTu4ecKuX (OCHOBHBIE COOTHOIIEHUS JOBOJBHO TIPO-
CTBI), HA MPAKTUYECKUX (3HAYEHUS BCEX MCXOAHBIX TAPAMETPOB MU3BECTHBI C OCTA-
TOYHON TOYHOCTBIO). ['Opasno Tpyznee OIEHUTh U CMOJNETUPOBATD XaPAKTEPUCTUKU
MecTHBIX OC, BO MHOTOM ONpeZIeSIEMBIX MapasuTHBIMU 2P deKkTaMu B aJeMeHTax
CXEMBL.

B ksaccuueckoit Teopun yrpaBieHUs CTaOMIBHOCTD PabOTBI CHCTEMBI OI[€HUBA-
eTcsl TAKUMU ee TTapaMeTpaMu, Kak 3anac ycmouuugocmu no ¢pase (BeandmHa daso-
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BOTO C/[BUTA, KOTOPBIH cieayeT N06aBUTH K YK€ MMEIONEMYCST B CUCTEME, YTOObI
Hayaics KojebaTeIbHbI IIPOLECC) U 3anac YCmoudusocmu no ycuienuio (BeJndmnHa,
KOTOpasi IOKa3bIBaeT, HACKOJIBKO IOJIKEH YBEJIUYUTHCSI KOIDMUIMEHT yCUTIEHS
CHCTeMBI ¢ pa3oMKHYTHIM KOHTYypoM OOC, 4T0o06BI Bo3HUKIN Koebanus). B obra-
CTH ayIUOTEXHUKH TAKOI TOXO/] HE CIUIITKOM TOJIE3€H, TAK KakK OOJIBIUHCTBO Bpe-
MEHHOIX TAPAMETPOB YCUJIWTENST M3BECTHO BechbMa mpubimsutenbro. Crenmyer,
OJTHAKO, TOMHUTD, YTO 3aI1aC YCTONYMBOCTH 110 (ha3e B yCUIUTENE HUKOTAA He OyIeT
6oubiire 90 rpamycoB u3-3a ($Ha3oBoil 3a1epKKU, BHOCHMON KOMIIEHCUPYIOIIUM KOH-
JIEHCATOPOM.

IIpu mpoektupoBarun YM3UY paspaboTuuk J0JKEH WCHOJIb30BaTh BCIO CBOIO
MHTYHIIMIO U OIIBIT, YTOGBI OIIEHUTD BesnunHy koadduimenra OOC, koropas obecrie-
yuT cTabuiIbHy0 paboty ycusmress. VICXost U3 OmbITa aBTOPa, 3HAUYEHUE TIyOUHBI
OOC 30 b na yacrore 20 k' 06b1YHO BIOJIHE Ge3omacHo (eciu Ha Boixoge YM3Y
YCTaHOBJIEHA WHAYKTUBHOCTH JIJISI KOMIIEHCAIIMM €MKOCTHOTO XapaKTepa HaTrpy3Ku).
3uauenue koadduuuenta OOC, pasuoe 40 b Ha Toll e yacToTe, OBLIO OBI yXKe
PUCKOBAHHO.

Benuuuna 30 1B npenmosnaraet, 4To UCIIOIb3YETCs IPOCTAsT KOPPEKIUST Y CUTUTEST
€ TIOMOIIIBIO OCHOBHOTO TToJfoca, 1 HakyiIoH AUX nipu pazomkryToit ietiae OOC B aToM
caydae coctaBisieT 6 1b Ha OKTaBy. 3anac yCTOMYUBOCTH OTIPENENSIOTCS PACCTOSHUEM
110 TO¥ TOYKH, TJIe XapaKTEPUCTUKA YCUIUTES ¢ pa3OMKHYThIM KoHTYpoM OOC mepe-
cexaeT JUHUIO equHUYHOTO ycmienus. Hakimon AYX, paBubiii 12 1b Ha okTaBy, B
TOUKe TIePeceYeH st ¢ TMHUEH eIMHIYHOTO YCUIIEHUS TPUBOUT K ABHO HECTaOUIIbHO-
CTHU YCUTUTEJIS.

Takum 06pa3oM, UMEIOTCS [IBE BOSMOKHOCTHU JOOUTHCSI MAKCUMAILHOTO 3HAYEHUST
riay6utsl OOC npu yesoBuu cTabUIbHON paboTHhI:

1. Tlockosbky HakmoH 12 1B Ha OKTaBY Ha rpaHuIle CTAGUILHOCTH CIUIITKOM
BEJIUK, CJIelyeT CTPEMUTHCS K 3HaUeHUT0, paBHOMY OKoJio 10 1B Ha okTaBy,
4To 0becneunT 3amac cTabuaIbHOCTH 1o (hase, paBHblii mpumepto 30 rpay-
caMm. Bosbimit HakiaoH AUX o3Hayaer, uTo UCIo/Ib3yercs Goiree TiryboKast
OOC Ha HUBKKMX YaCTOTaX, CJeJ0BaTENbHO, CHU)KEH KOA((DUIIMEHT HETU-
HEHHBIX HcKakeHnH. [IpocTast aIeKTPOHHAST CXeMa TTO3BOJIAET 0HECTIEUUTh
HakisoH AUX, xkpatHeiii 6 1b Ha okTaBy, 1 mosmyuerns 10 b Ha okTaBY
NPUXOAUTCSA UCTIONB30BATH KOMOUHAIIMIO TIOJIOCOB, ¢ MOMOIIbIO KOTOPOi
yIaeTCs alMPOKCUMUPOBATD JIMHUIO C TPOMEKYTOYHBIM HakIoHOM. OrHa-
KO 9TO [OCTATOYHO CJIOKHO, TIO9TOMY JAHHBIN METO/] MAKCUMU3AIUU TJIy-
6utbl OOC He CIUIIKOM IIOILYJISIPEH.

2. Haxnon AUX He 0643aH OBITH TOCTOSHHBIM, OH MOKET 3aBUCETH OT YaCTO-
ThI yCUJIMBAEMOTO curHana. [loaToMy HUYTO He MelaeT pazpaboTynKy cie-
JIaTh TakK, YTOOBI 10 IPAHUIIBI YCTONYUBOCTH HAKJIOH XaPaKTEePUCTUKU YCH-
gutens ¢ pazomkayToil netsieit OOC cocraBisn 12 1b Ha okTaBy nian
naxe GOJIBIINE, a TIepell TOUKOHN MepeceueHus ¢ JMHNEH eINHIIHOTO YCUTe-
HUST — YMEHBIIUTH €ro 710 Oe3omacHoro 3uaueHust 6 1B Ha okraBy. B aTom
cJIydae 3arac yeToHunBOCTH GY/IET IOCTATOYHBIM. MBI MoApo6HO 06CyImM
aToT MeTo/ Makcumuzaluu riyoutsr OOC B riase 7.
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2.10. MakcumMm3sauma NMHENHOCTUN ycunutens npu pasoMmkHytTon O0C

Coser mobusatbcd npu mpoekTupoBanun Y M3Y BBICOKOH JUHEHHOCTU IIPSAMOIO
TpaKTa yCUJIeHHUs elile 0 3aMbikaHus kKoHTypa OOC — HaBepHO, TIOKaskeTcsT pa3paboT-
uynKy GaHasbHBIM. Pasymeercs, peub uet 06 obimeit OOC, Tak Kak TPYAHO TPeACTa-
BUTH cebe YCUIUTETbHBIN Kackajl, B KOTOPOM He JefiCTBOBAIM OBl XOTh KaKHe-TO MECT-
HBbIE MEXAHU3MBI OTPHUIIATETBHOM 0OOPATHON CBS3ML.

Tem He MeHee, B TUTepaType N0 ayINOTEXHUKE TPYAHO HAUTH MAJIO-MaJbCKHU OIIpe-
JleJIEeHHBIE PEKOMEH/IAIINH 110 TIOBOAY TOTO, KaK J0OUTHCS 3TOI caMoil TnHedHOCTH Ge3
ucnosb3oBanust OOC. Vmetorcst 1Ba dhakTopa, ONpeiesaionue JUHeHHOCTh YCHINTe-
gst ¢ OOC: IMHENHOCTD TPSIMOTO TPaKTa ycuyieHus 1 rryouna obuieir OOC; mpuyem
BTOPO#1 TapaMeTp He MOKET ObITh YBeIMYeH 0 GECKOHETHOCTH M3-3a OITACHOCTH CaMO-
BO30YKIEHUST Ha BHICOKUX YACTOTAX, CJIEM0BATENHHO, KA3aI0Ch Obl, HUYTO He MEIIaeT
110 GECKOHEYHOCTH YJIYUIIIATh TIEPBBII APAMETP, MBITAsICh TIOCTPOUTD UACAIBHBIH yCH-
JINTEJNIb C MUHIMAJIbHBIM 3HaUeHeM KoadduiineHTa rapMoHUK. B aT0I1 KHUTe MBI ITPH-
JIOJKVM MHOTO YCHJIUH JIJIsT TOTO, YTOOBI JOOUTHCST BHICOKON JIMHEITHOCTH TIPU PasoM-
kuHyToir OOC B KaX0M yCUJIUTETBHOM KaCKaJIe.
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3.1. Kak pabotaet ycunurenb

Ha puc. 3.1 nmokasana o4eHb yCcJ0BHASI CXeMa TUTIOBOTO YCUJIUTENS MOITHOCTH 3BYKO-
BBIX YaCTOT; OHA HACTOJBKO CTAHAAPTHA, HACKOJIBKO BO3MOKHO.

06 310i1 KOHUTYpaIUK OBLIIO HEMAJIO HAIMCAHO, XOTSI MHOTHE TOHKUE BOIIPOCHI
06BIYHO YIYCKAIOTCS M3 BU/A, MOITOMY HIZKECIEAyionee 0ObsICHEHHE 3aTParnBaeT
JIATITh HEKOTOPBIE ACMEKThI, KOTOPbIE /IJIT MHOTHX, BO3MOKHO, OKQKYTCS HE3HAKOMBI-
Mmu. KcraTty, HeManoBakKHbIM JOCTOMHCTBOM CXEMbI SIBJISIETCS TO, Y4TO IHPUHIIUI ee
PaboThI IOCTATOYHO MPOCT U MOHATEH JIake HAUMHAOIINM, IT03TOMY cobpaTh paboToc-
110coOHOE YCTPOMCTBO 110 JAaHHOM cXeMe MOJKeT Jii000I, KTo 00J1aaeT XoTs Obl CaMbIMU
2JIEMEHTAPHBIMU 3HAHUSIMU B 3JIEKTPOHUKE.

Bxoxnoit muddepennmanbubrii kKackaa (Tpanductopbl 1r2 u Tr3) ocyiecTBisieT
OJIHY M3 HEMHOTUX (DOPM HEHTPATU3AINU UCKAKEHUH, KOTOPYIO MOXKHO JIOCTHYb Oe3
JOTIOJTHUTEbHOU MOJCTPOMKY TTapaMeTPOB CXeMBbI MJIK TToA60pa ee 3J1eMeHTOB. Jlesio
B TOM, 4TO KO3 bUIMeHT nepenavn JuddepeHnagsbHOro Kackajia Ope/essieTcs, CKo-
pee, caMHUM IPUHITUTIOM PabOTHI TPAH3UCTOPOB, & HE CTETIEHBIO COBMA/ICHUS X TIapaMe-
TPOB (TaKuX Kak KO3 (UIMEHT TTepeadlt Toka 6asbl), KOTOPbIE, KAK M3BECTHO, MOTYT
BapbUPOBATHCS B BEChMa MIMPOKUX mpegeaax. [IepBoiil kackag paboTaeT B KayecTBe
mpeobpaszoBarelist «BXoaHoe AudhepeHInaNIbHOe HATPSIKEHNE — BBIXOIHON TOK».

Hanpsxenue Ha Bxoge BTOporo kackazna (TpausucTop Trd) oObIMHO COCTABIISET HEC-
KOJIbKO MUJLTUBOJIBT M MeeT (hOpMY MCKaKeHHOTO Tpeyrosbauka. Ho Ha camom nee
BXO/IHOM BEJWYMHON BTOPOTO Kacka/a sBJseTCs He HalpsbKeHue, a TOK. Bropoit
KacKaJl, JJIs1 KPAaTKOCTU Ha3bIBAeMBbIN 3/1eCh U Jlasee ycuaumenem nanpsicenus (YH),
Ha CaMOM JleJie TIpeoOpas3yeT TOKOBBIN CUTHAJ Ha BbIxoe Au(hepeHIUaNIbHOTO KacKa-
Jla B BBIXOJIHOE HAIPsIKeHUe, TI0/[aBaeMOe Ha SMHUTTEPHBIE IOBTOPUTENIN OKOHEYHOTO
Kackaza. IJKCIOHEHITMAIBHBIN 3aKOH, CBS3BIBAIOMINI TOK KOJIJIEKTOPA TPaH3UCTOPA
YH ¢ uanpskeHueM Ha ero 0ase, CryIakuBaeTcsl BausHueM auddepeHimaabHoro
kackana. HemHeHHOCT HATPY3KH Ha HU3KHUX YaCTOTAX KOMITEHCUPYETCS 00Ieit OTpu-
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Puc. 3.1. Tunosor YM3Y:

a) ¢ BbIxopHbIM KackagoMm knacca B;
6) Moaenb BbIXOAHOTO KACKAAA

[aTeIbHON 00paTHOU CBsI3bto, a Ha BbicokuX (rae raybura OOC cHuKkaercst) — neid-
creuem MectHoit OC, 06pasoBamHoii 6a3a-KOJIEKTOPHLIM Konzencaropom C, Tpansn-
cropa Tr4.

Koppexkiuss ocHOBHOrO moJIioca, ONpeNesieHHOro JeiictBueM adderra Muiepa,
B JIaHHOM cXeMe BBITIOJTHEHA BeChMa U3SIHO. [Ipy MOBBIMEHWH YaCTOTHI Y CUINBAEMO-
r0 CHMTHaJa yBeJMYMBAETCA BIUAHME KOoHAeHcaTopa C,. M yMeHbINaeTcs JedcTBue
o6meit OOC. Tak Kak Kackajl COAEPKUT eJMHCTBEHHDBII TPAH3UCTOP, 00ecednBao-
U ycuseHue, T0 MOKeT ObiTh nctosnbzoBada OOC mpou3BOIBHON TIyOWHBL U TIPU
HTOM He BO3HHUKAET MPOBJIEM €O CTAGUIBHOCTHIO PaGOTHI YCUITUTES.
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B o6racT HUBKKX YyacToT KoadduiueHT yeuaenus npu pasomkuytoir OOC mpak-
TUYECKHU TTOCTOSHEH, Ha BBICOKMX YaCcTOTaxX (BBINIE YACTOTHI OCHOBHOTO TIOJIIOCA) €T0
crnaz cocrasrsier 6 1b Ha okTaBy. Eciin cuntaTh, 4TO KOA(PDUIIMEHT yCHIEHNS OKOHEY-
HOTO KackKajJia paBeH eAWHUIlE, TO KOI(POUIMEHT YCUTeHUS M0 HANPSKEHUIO Bcel
CXeMBI, U300pakeHHOI Ha puc. 3.1, B 06J1aCTH HU3KKUX YACTOT COCTABJISIET

GHL[=gm.B'RCy (31)

rze g, — Koa(dHUIMeHT nepeiaun nepsoro kackaaa; R — conporusienue B nenu KoJ-
Jsiexktopa Tpausuctopa Tr4; B — koadduienT nepegadn Toka 6a3bl STOr0 TPAH3UCTOPA.
Bemmumra G MokeT BapbUPOBAThCS B MIMPOKUX TIPEIEsIaX, TaK KaK M0 KpaitHel Mepe
O/IVIH 13 OTIPE/IEJISIONINX ee 3HaYeHue mapameTpoB — Koaddurment  rpansucropa Trd —
TOYHO He onpeseieH. K cuacTbio, 3T0 He Tak YK CTPAIIHO, TIaBHOe, YTOObI 3HaYeHre G
6bLI0 JocTaTouHO Benko. YeM Gosbiie BesmurHa G, TeM riiyG:ke MOKeT ObITh OTpHUIa-
TesIbHASL 0OPATHAS CBSA3b 1 TeM OOJIbIIAs THHEIHOCTD YCHIICHUS MOKET GbITh IOCTHTHY-
ta. Koaddunuenr ycunerns G MoxeT ObITh YBeJUUYEH WU TIOBBIIIEHHEM HOMUHAIA
pesucropa R, yCTaHOBIEHHOIO B IIENK KOJIEKTOPA TpaHsucropa 1r4, mim ucrosb3osa-
HUEM BMECTO Pe3NCTOpa aKTHBHOW HATPy3KH, TO €CTh MCTOYHWKA TOKA, KOTOPHIH, Kak
U3BECTHO, B njieasie 00JaaeT GeCKOHEeUHbIM Mi(hepeHIInaTbHBIM COIPOTUBIEHUEM.
KoaddutueHT ycnuaeHus cXeMbl Ha BBICOKUX YaCTOTAX OTIPEIEIAETCS] COOTHOIIEHUEM

Gy =8,/ (0 - Cp), (3.2)

rie = 2 f, f—yacrora, I'; Cy — eMKOCTb KOHIEHCATOPA, BKIIOYEHHOTO MEKIY
6a30i ¥ KOJUIEKTOPOM TpaHaucropa Tr4.
YacroTa OCHOBHOTO IOJII0CA HAXOANTCS TI0 GopMyIe

Pl=1/(@-Cy-B-R,). (3.3)

B o6sacTi BBICOKHMX YaCTOT UCKAKEHUsI YCHIMBAEMOIO CUTHAIA PACTyT, TaK Kak
XOT# yBeJIm4nBaeTcs TMHeapusyloniee geiictBue konzencatopa Cy, Ho rybuna obuieit
OOC, nocrytHas g IMHeapu3aIuy BXOHOTO U OKOHEYHOT0 KAcKa/Ia, MaJlaeT co CKO-
pocteio 6 1B Ha okrasy. llpeanomnosxkum moxa, uto Gyy cocrasiger N 1B nHa yacTtore
20 kT'1y ¥ yeuauTe b CoOXpaHsaeT cTabuIbHOCTh PabOThI IIPU 3aJaHHOM COIIPOTUBIIEHUN
HArpysKku 1 00bIYHOM pa3Gpoce [apaMeTpoB IeMEHTOB. 3aMeTHM, 4To 3HadeHne Gyy,
BeJINYMHA VCKAKEHWI HA BEICOKUX YaCTOTaX M IPAHUIA CTaOUIBHOCTH OTIPEAETISIFOTCS
B OCHOBHOM TOJIbKO KO2((MUIIMEHTOM Tlepejiaun g 11epBOro Kackaja U eMKOCTbIO KOH-
nencatopa Cy, GOJIBIIMHCTBO APYTMX 3JIEMEHTOB CXEMBI HE OKA3bIBAIOT HUKAKOTO
BJIMSTHUST HA TIEPEYNCIIEHHBIE TTapaMETPHI.

Bo MHOruX MCTOYHMKAX 4acTO YTBEP:KAAETCs, YTO BBITOJHO YBEJIMYUBATH UMIIE-
JIAHC KOJITIEKTOPHON HArPYy3KU TPAH3UCTOPA BTOPOTO KACKa/la, HO HA CAMOM JIeJie 3TO
He coBceM BepHO. CONMPOTUBIIEHIE KOJIEKTOPHON TN Ha BBICOKUX YaCTOTax Taja-
€T 10 HEeCKOJBKUX KUJIOOM (M3-3a BJUSHUS 0a3a-KOJJIEKTOPHOTO KOHIEHCATOPa).
KpoMme Toro, BRIYMCIEHNS TOKA3bIBAIOT, YTO IIPU HEOOIBUINX COIPOTUBIEHHIX KOJI-
JIEKTOPHON HATrpPy3KH CHIZKAIOTCS HeJUHEHHbIe NCKaKEHUsI, BhI3BaHHBIE PazbpocoM
napaMerpa B TpaH3uCTOPOB OKOHeuHoro Kackaza [1]. [lomumo sToro, mpu ymeHbliie-
nun Ry siBHO cHMKaeTcs feficTBUe NCKa)keHUI 4-TO TUIIA, OIMCAHHBIX HUXKE B JaH-
HOII TJIaBe.
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3.2. MpenmyLLecTBa TUMNOBON CXEMbI

HecMmoTpst Ha TO YTO B M3MEHYUBOM MUPE ayIMOTEXHUKU OOBIYHO HEPA3yMHO TIPO-
SIBJIITH U3JTUIMHIO TOTMAaTHYHOCTD, OTIMCAHHAS KOH(PUTYPAIUS CTOHKO yAepP:KUBACT
1epBOE MECTO CPEH APYTUX BO3MOKHBIX cxeM Y M3Y. Ilepeuniciinm oCHOBHBIE ee TIpe-
HUMYIIECTBA, KOTOPBIM OHa 00s13aHa CBOEH TOMYJIIPHOCTHIO:

1.

Bxomnott tuddepertinaabHbiil Kackaj He TOJBKO TTPEOCTABIISIET CAaMbIN
IpoCcTOil crocob 06ecIeunTh yCUIeHHE MOCTOSTHHOTO TOKA ¢ TapaHTHPO-
BAHHBIM MAJIBIM BBIXO[HBIM HAMPSKEHUEM pa3baiaHca, HO TO3BOJISIET
TaKKe He GECTIOKOUTHCS 0 2-1 TaDMOHHUKE YCUINBAEMOTO CUTHAJIA, KOTOPast
reHepUPOBAach ObI B OJIHOTPAH3UCTOPHOM yCUIMTENbHOM Kackaje. Cire-
JyeT OTMETUTD, YTO IlapaMeTpbl TPAH3UCTOPOB BXO/IHOTO KAaCKaJla JI0JIKHbI
OBITh WICHTUYHBI, a caM AuddepeHITnaabHbIi KacKa/l J0JKeH ObITh CTPO-
ro cHaTaHCUPOBAH TIPABUIILHBIM MOAG0POM HOMUHAJIOB 9JIEMEHTOB, YTOOBI
KOJIJIEKTOPHbIE TOKKM 060X TPAH3UCTOPOB OBLIM PaBHbI (THITOBBIE 3HAUE-
HUS TIapaMeTPOB 3JIEMEHTOB, MMOKa3aHHble HA puc. 3.1, He rapaHTUPYIOT
3TOTO).

Bxo/iHbIe TPAH3UCTOPHI PA0OTAIOT IPU TIOCTOSHHBIX U TIOYTH PABHBIX 3HA-
YEHUSX HATPSUKEHUH KOJIJIEKTOP-—-3MUTTEP, YTO 0OECTIeYnBACT XOPOIIUIT
TETTOBOM HasaHc.

Bxoanoii guddepernnaibublil KacKaz He 00eCIIeunBaeT YCUIeHUe Hanpsi-
JCeHUs CUTHAJA, TI09TOMY Ha HUBKUX YaCTOTaX HE IMOSIBJSETCS MOJIOC,
00yCJIOBJIEHHBIN JleiicTBUeM eMKocTH Muiiepa MeXIY KOJUIEKTOPOM
u 6a30ii TpansucTopa Tr2. Bee ycuseHue 1o HanpsiKeHuo obeciieunBaeT-
€SI BTOPBIM KaCKaJ[OM, YTO YIPOIIAET BO3MOKHOCTh KOPPEKITNH yCUJIUATE-
nsa. Mecrnas OC, BbisBanHasg feiictBueM komnjencatopa Cy, cHUKaeT
BXOJTHOM U BBIXOZIHOI UMIIEIAHC BTOPOTO KACKaJIa, MUHUMUBHPY S BIUSHUE
BXOJHOI 1 BBRIXOAHOHI emKkocTell Y H. Jlanublil crmoco6 KOppeKLuy MHOTAA
Ha3bIBAIOT pacuieniienuem nomocog (pole-splitting): mosroc, COOTBETCTBYIO-
U BTOPOMY KaCKajly, CMEIIAeTCsT B 00/IaCTH HU3KUX YaCTOT U CTAHOBUT-
€S OCHOBHBIM, B TO BpeMd KaK YacToTa I0JII0Ca, COOTBETCTBYIONIETO BXO/I-
HOMY KacKajly, Ha000pOT, YBETMIHMBACTCSL.

C nomompio 6a3a-KONLIEKTOPHOIO KOHAEHCATOpa Cy Bnusanue ob1ei
OOC, koTopas Ha BLICOKUX 4aCTOTaX MOKET CTaTh NPUYMHON HeCTaOWIb-
HOCTH, CHUIKAETCS M HaumHaeT nposBisaTbes MectHas OOC, kotopast He
MOJKET BBI3BAaTh CAMOBO30Y K/IeHHEe Kackaaa. Kpome Toro, ¢ TOMOIIBI0 KOH-
nencaropa Cy yMeHbIIAeTCs BIUSHIE HeCcTaOUIBbHOCTH 1 pa3bpoca 3Hade-
HUii 6a3a-KOJUIEKTOPHON eMKOCTH TpaHsucropa Tré.

3.3. BoceMb TMNOB UCKa)XeHUN

B mMoeii nepBoHauanbHoOil cepun crareil 06 NCKaKEHUAX B ayHOYCUIIUTEIISAX TIePeyr-
CJISJIOCh CeMb OCHOBHBIX MCTOYHMKOB MCKaXKEHWI cUrHaja, KOTopble JeHCTBYIOT BO
Bcex YM3U knacca B u He 3aBUCAT OT crienuuKy UCIOIb3yeMoli cxeMbl. B pe3yiib-
Tare MOCIEAYIONMX IKCIEPUMEHTOB CITUCOK GBI PACIIMPEH 0 BOCHMHU TTYHKTOB.
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Puc. 3.2. CeMb OCHOBHBIX MCTOYHMKOB MckaxeHnn 8 YM3Y

Yacro Besmmunny KHU ycuinTesist bITAIOTCS OMPEIETUTh TJaBHBIM 00pa3oM Kak
CIIEJICTBIE TIOTIEPEMEHHON PaboThl TPAH3UCTOPOB OKOHEYHOTO KacKasa, GyHKIMOHNU-
PYIOIINX B peKMMe KJaacca B, mmHeapusanmsi KOTOPBIX CTAHOBUTCS MeHee ah(eKTnB-
HOW C yBEJMYEHHEM YaCTOThI YCHJIMBAEMOTO CHWTHAMA, KOTJA CHIDKAETCS TIyOUHA
OOC. Ho 310 6JM3KO0 K HCTHHHOMY TIOJIOKEHUIO JIeJI TOJIBKO B TOM CJTydae, €CJIU yCTpa-
HEHBI BCE OCTaJIbHbIE UCTOYHUKHN MUCKAKeHUH. B GOJBIIMHCTBE CIyyaeB Ha BEJTUUUHY
WCKaXKEHU OKa3bIBAaeT 3HAUNTEJbHOE BJIUSHIIE MHOXECTBO IPYyTUX dhaxTtopos. Maio-
CUTHAJIbHDIE KACKAJIbI TIPEIBAPUTEHHOTO YCUIEHHST CIIOCOOHBI TeHEPUPOBATh UCKaXKe-
HUSI, KOTOPbIE HAa BBICOKUX YAaCTOTaX 3HAYUTETHHO MPEBBIMIAIOT TE, YTO OOYCIOBIECHBI
BJIMSTHUEM TPAaH3UCTOPOB OKOHEYHOTO KacKa/[a.

Mo3KHO BBIZIEJIUTD BOCEMb OCHOBHBIX MCTOUHUKOB MCKAKEHUH B yCUIUTENIX (BKIIIO-
Yast ¥ yIIOMSTHY ThIe BBITIe MCKaKeHN s, TUTIMYHBIE /7151 pexkuMa kKiracca B). Otmernm, uto
MBI Oy/leM CUMTATh, YTO YCUJHUTENDh HE Meperpys:keH, 00IafaeT J0CTATOYHBIM 3aacOM
YCTOWYUBOCTH ¥ B HEM He HaGIIOMAIOTCS MapasuTHbIe KorebaHust (MOCTeHIe NMEIOT
TEHJIEHITUIO TPOSIBJISITH CeOsI B BBICOKOYACTOTHOM 061aCTH B BUJIEe HEOKMIAHHBIX BCILIE-
CKOB IIPY HEKOTOPBIX MOIIIHOCTSIX BBIXOJHOTO CUTHAJIA Y HA OIPEeJeHHBIX YaCTOTaxX).

Ha puc. 3.2 mokasaHa JIoKaau3anus CeMU MEePBbIX NCTOYHUKOB UCKAKEHWH (BOCh-
MOH OILyIIeH I ICHOCTH 1 OyaeT obcyKaaTbes 0co60).

3.3.1. UckaxkeHue 1: BXoaHOM KacKap,

WckaxkeHust IepBOTO TUIIA BbI3BaHbI HEJIMHEHHOCTHIO BXOAHOIO Kackazaa. Ecium ToT
IIPEACTABJIAET COOOM TIIATEIbHO cOANTAHCUPOBAHHBIA (b epeHInanbHbIi KacKa, TO
JlaHHbIe UCKaKeHUsI MPOSIBJSIOTCS TOJbKO Ha JOCTaTOYHO BBICOKMX YaCTOTaX, BO3pPa-
cTaloT co ckopocThio 18 1b Ha OKTaBy ¥ BBI3BIBAIOTCS B OCHOBHOM TPEThEN TaPMOHMU-
Koii ycunusaemoro curiajia. Ecim jke BxogHoll auddepeHuuanbHblii Kacka He cHa-
sarcuposad (kak Ha puc. 3.1), to KHU o6ycioBiieH feficTBreM B OCHOBHOM BTOPOI
TapMOHUKHW CUTHAJIA U TIPU MTOBBIIIIEHUH YacTOThI yBesinunBaercsd Ha 12 1b Ha kaxmayio
OKTaBYy.
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3.3.2. UckaxkeHue 2: ycunuTenb HanpsXeHus

BoizBanbl BiausSHMEM BTOPOro Kackaja. Kak HU CTpaHHO, 9TH UCKaXKEHUS 4acTo IIpaK-
TUYEeCKU He3aMeTHBI Ha (hoHe ocTanbHbIX. OHM OCTAIOTCS MOCTOSIHHBIMU BILJIOTDH [0
YacTOTHI IIEPBOTO MOJIIOCA, 4 3aTEM BO3PacTaloT co ckopocThio 6 1b Ha oktaBy. Bo Beex
00CYKIaeMBIX 37I€Ch CXeMaX MCKKEHUST TAHHOTO THTIA 00YCTOBIIEHBI IEHCTBHEM BTO-
pOIi TapMOHUKY YCUIMBAEMOIO CUTHAJIA.

OG6BIYHO YPOBEHDB HTUX MCKAKEHNH BechbMa HU30K GJarofapsi JUHeApU3yoleMy
BJMSIHUIO Ga32-KOJIJIEKTOPHOTO KOHIEHCATOPA, EMKOCTh KOTOPOTO U OIIPe/IeJIsIeT 4acTO-
Ty OCHOBHOTO ToJTI0ca. [ToaTomy ecu pa3paborunk ucmosb3yer mectiyio OOC u He
VIIYCKaeT M3 BU/IA YE€TBEPTHINI MCTOYHUK MCKAXKEHWH (OMUCAHHBIN HUZKE), TO MOKHO
BIIOJTHE TIPpeHeOpeYb NCKAKEHUSIMUA BTOPOTO THTIA.

3.3.3. ckaXkeHue 3: OKOHeYHbIN KacKkaj,

BrisBaHbl HEJIMHEITHOCTHIO BBIXOAHOTO Kackaga u TunuuHbl a1 Y M3UY kiacca B.
SIBIAIOTCS CIOKHON KOMOUHALMEN MCKasKeHUI OOJIBIIOrO CUTHAMA U IIePEKPECTHBIX
a(dexToB, mocyieIHNIT OTBETCTBEHEH 3a TeHepaInio 1IeJIOr0 Psijia BhICIIUX FAPMOHUK.
YpoBeHb 3TUX UCKAKEHUN TIPU YBEJIMUYEHUN YaCTOThI BO3PACTAET CO CKOPOCTHIO 6 1B
Ha OKTaBy u3-3a ymeHbirerus rayouasr OOC.

Wckaskenus GOJIBIIOrO CUTHANA BO3PACTAIOT ¢ YMEHbIEHeM HArPy3KK U BbI3BaHbI
3a/lepKKaM¥ 3alMPAHNsST MONIHBIX TPAH3UCTOPOB OKOHEYHOTO KAacKaja, B pe3yJibTare
Yero Ha BBICOKMX YaCTOTaX BEJIMUMHA IIOCTOSTHHOTO TOKA YepPe3 HUX KaTacTPopuyecKu
YBEJNYNBAETCS.

3.3.4. UckaxxeHne 4: Harpy3ka ycunutens HanpsxeHus

Bb13BaHbI HEMMHEMHOCTHIO BXOJIHOTO MMIIE/JaHCA OKOHEYHOTO Kackaja. MIMeHHO aToT
TUI UCKA’KeHUH (Ha I0CTATOYHO HU3KUX YACTOTAX, CKaxkeM, MeHee 2 k['11) okasbiBaer
onpezieisioniee BausgHIE Ha o6y Bequunny KHU yeumuress, ecin pa3spaboTarK
JIOJIZKHBIM 06Pa3oM 1103aG0THIICS 0 MUHUMU3AINU BCEX OCTANBHBIX UCTOUHUKOB UCKA-
sxenuii. TTooxkenue e yrpoinaercs qobasieHneM OydepHoro kackaza mexay Y H
Y OKOHEYHBIM KaCKaJIOM.

BenuymHa mckakeHUH AaHHOTO TUIIA TPAKTUYECKU HE 3aBUCHUT OT YaCTOTHI, XOTs
B BBICOKOYACTOTHOM 00JIaCTH OHA HECKOJIBKO CHUKAETCST O1arofiapst yCUJIeHU o JInHea-
pusyroneii Mmectroit OC, 06pazoBaHHON 6a3a-KOIJIEKTOPHBIM KOHAEHCATOPOM.

3.3.5. UckaxxeHune 5: pa3Bsa3biBaloLL M KOHAEHCATOP

HenuneitHocTh maHHOTO THINA BBI3BAHA BJMSIHUEM KOHAEHCATOPA, BKIIOUEHHOTO
MEKy ITMHAMY [TUTAHUS U CUTHATIBHON «3eMJIeil», 13-3a 4ero Ha Hell HaBOASTCS ITOMe-
XM, IEUCTBYIONINE Ha MWHAaX MuTadus. VIMeHHO 9TH ucKaskeHus, I0 BCel BUINMOCTH,
spasgrorcs npuannoil noseimennss KHU Bo muornx Y M3Y Ha Huskux yacrorax. Mon
HKCIIEPUMEHTBI C OZIHUM M3 KOMMEPYECKUX YCUJINTeJIel TIoKa3aay, YTO P OTKJII0Ye-
HUW KOHJIEHCATOpa 3HaYeHWe CyMMapHOTO Ko3(duiimenTa HeTMHEWHBIX UCKAsKeHUN
Ha yacrore 20 ' ymeHbImmiaoch B Tpu pasal
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3.3.6. NickaxkeHue 6: napasnTHble UHAYKTUBHOCTY

HesmHeltHOCTD IAHHOTO THTIA BhI3BaHA BJAUSIHUEM MTAPA3UTHBIX MHAYKTUBHBIX HABOJIOK
[3], xoTOpble BO3HUKAIOT TPU 3HAYMTEJNbHBIX M3MEHEHUSIX TOKA, TEKYIETO B IIENsX
MUTaHUST OKOHEYHOTO KacKaja, paboTalolero B peskiMe Kiacca B, BbI3bIBast mapasurt-
Hble TOKM B Tiersax Harpys3ku, OC u «3emMiuy. ITOT KOBAPHBIN MCTOYHUK MCKAKEHUN
06BIYHO 3a0BIBAIOT, €r0 JOCTATOYHO CIOXKHO YCTPAHUTH, XOTS BCET/A Jierde GOPOThCs
C BparoM, ecJii M3BECTHO MeCTO ero aucjokanuy. 1lozospesato, 4To BO MHOTHX KOM-
Mmepueckux Y M3U 5T0T Bpar He3ac/IyKeHHO 3a0bIT.

3.3.7. UckaxxeHne 7: MeCTO CHATUS CUrHana obpaTHoM cBA3U

JlaHHbIie MCcKaxeHUs Bbi3BaHbl TeM, uTo curtan OOC OGepeTcst B He COBCEM MPABUIbHON
TOYKE: TaM, I7le CYMMUPYIOTCSI TOKI ITUTaHUs, TEKYIIMe Yyepe3 TPaH3UCTOPbl OKOHEYHO-
o Kackaza, paborarmoiue B pekume B, GopMupyst caMm BEIXOIHON CHUTHAI.

3.3.8. ckaxxeHue 8: KoHAEHCaTOpHas CBA3b MeXAY Kackagamm

ITH MCKa)KEHUsT TTOSIBJISIIOTCS B BUJIE TTaJieHnsT KoahuIlneHTa yCUIeHus TIpU yBeIu-
YEeHUH YACTOTHI ¥ BbI3BAHbBI BAUSHUEM OJOKUPYIOLMIMX KOHAEHCATOPOB, 00eCIeurnBaio-
IUX MPOITYCKAHUE TOJHKO TIEPEMEHHOTO CUTHAJIA MEXKIY OT/IETbHBIMY KAaCKalaMU WU
B e OOC (1ocnentee — 6osiee 0OBIYHOE SIBJIEHHE).

3.3.9. HecywiecTBeHHble BUAbl MICKAXKEHUN

BpoimiicaB OCHOBHbBIE HCTOYHUKY WCKAKEHWIA B YCUJIUTENSIX, O KOTOPBIX JOJKeH 3a60-
TUTbCA J11060i paspaborunk Y M3Y, norpaTuM HEMHOTO BpeMeHH, 4TOObI 0OpaTHTh
B 6ercTBO OYMAasKHBIX TUTPOB — UCKAKEHU, PEATbHO MPAKTUYECKHU HE TPOSIBISIOINX-
€41, HO MHOT/Ia OOCY K/IAEMBIX B CPEJIE PAANOTIOONTENEH 1 B IUTEPATYPE.

[TepBoe — 3TO MCKakeHUs, BI3BAHHBIE TeM, YTO KOI(PPUIIMEHT ycuieHus cuHdas-
Horo curnajia auddepeHInaibHOr0 Kackana He paBen mnyJio. Ho Tak Kak HECI0KHO
CIIPOEKTUPOBATH yeuiauTes b, umeioniuii 3nadenne KHU menee 0,00065% na gactore
1 kI'11, TO MCKa’KEHUS TAHHOTO THIIA BPS/L JIM CTOUT TPUHUMATD BO BHUMAHME.

Ixosanau Crounno (Giovanni Stochino) u aBTop 3T0ii KHUIM B pe3yjbTare Hesa-
BUCHMO TPOBEJICHHBIX MCCJEOBAHUN MOKA3a/IH, YTO MPW 3HAYNUTENBHOU BEJTUUYNHE
cuHGbA3HOTO CHUTHAJA HA BXOJe IMEPBOTO KACKA/A JAENCTBUTENIBHO HAYMHAIOT IIPO-
SBJISATBCS 3aMETHBIe NCKKeHNs (yBeslndyeHne YPOBHS CHH(A3HOTO CUTHAJA TOCTHTA-
JIOCHh CHIZKeHUEM KoadduilneHTa ycuieHus npu 3aMkayToi netiae OC 1o 3HaueHuH,
JIeKAUX B Mana3one ot 1 70 2; Toraa aJist coXpaHeHHs YPOBHsI BBIXOJHOTO CUTHAJIA
TpebOBaJIOCh 3HAUNTEBHOE YBEJIMUEHUE YPOBHSI BXOJHOTO, a TAKJKE CUTHAIA 0OPaTHON
CBsI3U, B Pe3yJIbTaTe HA BXOJle TIEPBOrO KACKAaJa BO3pACTaja BEJUYMHA CUH(MAZHOTO
CHUTHaJIA).

MoXHO yTBEP)KAATh, YTO BEJUYMHA UCKAKEHUU OMUCHIBAEMOrO THIIA BO3PACTAET
C yBeJIMYEHUEM YPOBHSI BXOJHOTO CHH(DA3HOTO CHUTHAJNA TI0 KBaJPATHUYHOMY 3aKOHY.
[Tosromy eciu kKoadduienT yeuaenus npu samkHyToi nersie OC gocturaer Xorst Obl
5 (UTO BIIOJIHE IOCTHKUMO), & B IIENTH AMUTTEPOB TPAH3UCTOPOB AUMPDEPEHITNATBHOTO
KaCKa/la UCIOIb3yeTCsI UCTOYHUK TOKA, TO HTO CIAYKUT OCTATOYHON TapaHTHEH TOTo,



3.3. BOCEMb TMMOB UCKAXEHUA [7g]

YTO JaHHble UCKaKEHUS He GYIYT OKa3bIBATH CYNIECTBEHHOTO BJIUSHUS Ha 3HAUYCHUE
obmero KHI.

BTopoii HCTOYHUK UCKAKEHU, OTCYTCTBHE KOTOPOTO 3aMETHO B HAIIEM CIHCKE, —
9TO TapasuTHbIE HABOAKHU B IEMAX YCUJIUTENIS OT NMIMH THUTAHUS, ITH MCKaKEHIS
JIETAIGHO OMUCAHBI B [4], HO €/ UMETh B BUY YHOMSIHYTBIH BBIIIE HCTOYHUK HUCKA-
JKEHWH 5-TO TUTA, TO eANHCTBEHHOE, YTO TPEGYETCS Ui YCTPaHEHUsT HABOIOK, — 9TO
Ha/lesKHOe 3a3emiyieHre. KOHEYHO, ClieflyeT YIeIUTh HEKOTOPOe BHUMAHHWE IMHHAM
MUTaHsT, 0COOEHHO, eCJIN TPEGYETCSI MAKCHMAJIBHO CHUSUTD YPOBEHD IIIYMOB, HO ¥ B 3TOM
CITy9ae MOCTATOYHO MPUMEHHUTH BCETO JIUITH mpocTedinnyio RC-memouxy (Mbr 06Cyanm
3TH BOIPOCHI B BOCBMOII TJIaBe).

Tpernii MexaHU3M 06pa3oBaHUsI IOMEX, KOTOPBIM MBI TpeHeOperaeM, — 3TO TEILI0-
BbI€ IIIYMbI, BbI3BAHHBIE M3MEHEHUSIMU TAPAMETPOB TOIYIIPOBOAHUKOBBIX TIPUOOPOB
P KOJIeOaHUSIX UX TEMTIEPATYPhl (KOTOPBIE, B CBOIO OUEPElh, BHI3BAHBI ITUKINYECKUM
XapakTepoM paboThl 3TUX TPUGOPOB). MOKHO GbIJIO GBI OKUIATH 3aMETHOTO MPOSIBJIE-
HUS IAHHBIX UCKAKEHUI HA 0Y€Hb HU3KKMX YaCTOTAX, HO HA CAMOM JIeJie ATOTO He TIPOo-
ucxoaut. Ecau ycTpaHUTh W3BECTHBIE WCTOYHWKU HCKaKEHW, KOTOPbIE MOTYT
BbI3BaTh Bo3pactanre KHU Ha Huskux wacrorax, To okakercs, yto BeamunHa KHU
OCTAETCsI TIOCTOSIHHOW TIPH YMEHDIIEHUN YaCcTOThI YCUIMBAEMOTO CUTHAJIA BILUIOTD 10
10 T, Haubosiee 3aMETHBIMY TETJIOBbIE MCKAKEHUST MOTJIH ObI OBITH B YCUJIMTENSX
KJjiacca B, Tak Kak B 3TOM CJIydae MOIITHOCTh, PACCENBAEMAsi TPAH3UCTOPAMHU OKOHEUHO-
IO KacKaJia, B Ipe/ieJiax OIHOTO IIMKJIa U3MeHsIeTcst 3aMeTHee Beero. OIHAKO BHIXOHBIE
TPAH3MCTOPBl MMEIOT JOCTATOYHYIO TEMJOBYI0 WHepiuio (6jarogaps paguatopam
OXJIAJK/IEHH ), KPOME TOTO, Ha HU3KHMX 4acTOTaX BEJHUKO JUHeapusyllee IeicTBHe
obmeit OOC. Brpouem, MBI ele BCIIOMHUM 00 3T0ii mpobieMe B IATOM IIaBe.

BosBparasich K Halleil «HeBeJIMKOJIETHOW» BOCbMEPKe HCTOUHUKOB NCKAKEHUH, 3aMe-
THM, YTO UCKaKeHUE 3-TO THIA 00YCIOBJIEHO HETMHEHHOCTBIO PAO0UYET0 PEKIMA CAMOTO
YCHJIUTEJIBHOTO KACKA/Ia, UCKAKEHUST ¢ 4-TO 110 7- XapaKTepHbI JIJIsl PEKIMA Kiacca B,
a MCKayKeHUS 8-TO THIA MOTYT MPOSIBJISITHCS B JIFOOBIX YCUITUTETHBIX KAaCKaaX.

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(HZ)
1

N

0,1

0,010

0,001

0,0005
20Ty 100 My 1My 10 kY 20 Ky

Puc. 3.3. 3asucumocts KHU (%) ot uacrorsi (M) ans yeunurens knacca
B, npusegenHoro Ha puc. 3.1
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3.4. KHA tunosoro YM34

Ha puc. 3.3 nokasana o6pr4Has 3aBUCUMOCTD K03 GUIMEHTa HeTNHEHHBIX NCKAKEHMI
OT yacToThl Jiuist TutioBoro Y M3Y, npusesennoro Ha puc. 3.1. Kak Buanm, nckakenus
YBEJIMUUBAIOTCSA TIPU POCTE YACTOTHl YCUJIMBAEMOTO CUTHajMa. B obiacTu HU3KMX
yacToT, BI1oTh 10 500 I, Beanunaa KHU cocrasasier okoso 0,005% 1 mpakTHueckn
HE U3MEHSIETCs], TaK KakK 00YCIOBJIEHA TIIABHBIM 00PA30M BJIUSTHHEM YaCTOTHO-HE3aBU-
CHUMBIX UICTOYHUKOB NCKAKEHU.

Beimre wactorer 500 I'ip 3navenne KHU pacrer ¢ yBenmuuBaiomiericsi CKOPOCTHIO,
3/1eCh OHO 00YCJIOBJIEHO BJIMSIHEEM MCTOYHUKOB 1, 2, 3 1 4 (ecsu [Jist IPOCTOTHI CUM-
TaTh, YTO UCKAKEHUS 5, 6 ¥ 7 TIIATESHHO YCTPAHEHDI ).

Yacto yTBepsKIaeTcs, YTO XOPOIIO MMeTh ITockyio 3aBucumocts KHU Bo Beeit
06J1aCcTH 3BYKOBBIX YacTOT, HO Ha CaMOM JieJie eINHCTBEHHBIN CI0cob OCTUYD 3TOTO
B YM3UY kiacca B 3akiouaercst 8 Tom, uTobbl yxyamuth KHU Ha HU3KKMX YacTOTax,
HalpuMep, yBeJIMYnBasgd UCKakeH!s BO BTOPOM KacKajie.

CTaHOBUTCS SICHBIM, MTOYEMY TaK TPYAHO BBIKATH JUHEHHOCTh W3 TOM 3MEUHON
SIMBI OODIOIUXCST IPYT C JAPYrOM HCKaKeHUU. VI3MeHeHue mapaMeTpOB 3JIEMEHTOB
CXeMbI MOXKeT OKa3aTh BIMSHUE 110 KpaliHeil Mepe Ha /1Ba TUIIa HCTOYHMKOB UCKAKeHU I
13 BochbMH. [1033ke MBI PACCMOTPUM, KaK MOKHO BBISIBUTH BCE UICTOYHUKH IO OTAEIBHO-
CTHU ¥ YIPABJATb UMU HE3aBUCUMO OT JIPYTHX.

3.5. luHenHoctb YM3Y ¢ He3aMKHYTbIM KOHTYpom OC

[Ipesk/ie YeM TMBITAThCS YAy UIIUTh IHHEHHOCTD YCUIIUTEIS, €€ TPEOYETCS] HU3BMEPUTD, TT03-
TOMY Ha4yHeM ¢ ompezeneHus suHeitnocTn YM3U ¢ pasoOMKHYTHIM KOHTYPOM 0GPaTHOM
CBSI3U. ITO HE MOKET OBITH BBIMOJHEHO HEIIOCPEACTBEHHO, TI0ITOMY TPeOYeTCst OI[eHUTh
riyouny OC u nepecunrarhb 3Hadenne KHU ¢ pasomkryToit OC no usmepenusim KHIA
rpu 3amkHyTOol OC. UTo Kacaetcs koaddunmrenTa yennenus npu 3aMkHyTol OC, TO OH
OOBIYHO YCTAHABIUBAETCS MCXOS U3 TPEOOBAHUIT K UYBCTBUTENLHOCTH YCUTUTEISL.

V3mepentie riryGuHbI 06PATHON CBSI3U MOJKET MMOKAKETCS CIOKHBIM, TOCKOIBKY 9TO
rojipadyMeBaeT orpe/iesienne koagduinenra yeuienus npu nesamkuytoit OC. Cran-
JApTHBIE METO/BI JIJIsT U3MEPEHUST KO3 DUIMEHTA YCUIEHUS ONEePAIIIOHHBIX YCUIUTE-
Jieit ¢ pasopBaHHOI 1ETbI0 0OPATHON CBSI3U TPEOYIOT MeHCTBUTENBHOTO 00PBIBa TEMTH
OC, uro HexenarenbHo st YM3Y, Tak Kak BBI3OBET HapylIeHUE pexkxuma paboThl
Tpan3ucTopoB. Ciie/lyeT MOHUMATh, YTO U3MEPEHNE TPAKTHYECKU JTI0O0TO TTapaMeTpa
MOJKET BBI3BaTh M3MEHEHHE PekiMa PAbOTBhI BJIEMEHTOB CXEMbI M, KaK CJIE/CTBUE,
MOBJIUSATh HA 3HAYEHUE CAMOTO M3MepsieMoro napamerpa. Hampumep, momeitka n3me-
penus conporusieHus peaucropa R2 (cm. puc. 3.1) npu paboraioleii cxeme Biieder 3a
coboii namenenue Koahduimenta yeuaenus npu pasomkaytoil OC, a Takxke BIMsIET
Ha JIMTHEWHOCTD YCUJIUTETIS B TIETIOM.

3.6. HenocpeacTtseHHoe n3mMepeHune Ko3pduumneHTa ycuneHums
npu pasomkHyTon OC

Ha puc. 3.4 mokasaHa cxema, IIpeIHa3HAYCHHAS /711 HETTIOCPEICTBEHHOTO N3MePEHHS
koaddunuenta yeunenuss Y M3Y npu pazomrnytoir OC.



3.4. HENOCOCPEACTBEHHOE USMEPEHME KOO®®ULIMEHTA YCUJIEHUS [ g

22 kOm
Tr2 TecTupyemasi cxema
C CUMMETPUYHbLIM BXOA0M

ooc

Puc. 3.4. Cxema HenocpeacTseHHOro u3MepeHus koapduumeHTa ycu-
nenns YM3Y npu pazomkHyToi uenu obpatHoM cesasu

YM3Y, cxema koroporo Obliia mpuBe[eHa Ha puc. 3.1, saBiusercs nuddepeHiinaib-
HBIM YCUJIUTENEM, TI03TOMY €r0 KOa(D(UIMEHT yCUIeHNs ONpeesieTcsl Kak OTHOIITe-
HUe BeJIUYMHBI BBIXOJHOTO CUTHAJIA K PA3HOCTU HAIPSIKEHUH, MPUIOKEHHBIX K €ro
BXo/aM. Eciu moanep:KWBaTh BBIXOJHOE HANPSIKEHUE ITOCTOSHHBIM, COXPaHSs
HOCTOSIHHBIM HAllpsKeHue Ha Bxoje +V,, To rpaduk 3aBUCUMOCTH Ko3(uiinenTa
ycusienus ipu pazopsanHoit OC 0T 4acTOTHl MOXKHO TIOJYYUTh B PE3yJIbTaTe U3Mepe-
HUST PACCOTJIACOBAHMS BXOIHBIX HAMPSIKEHUI, COOTBETCTBYOIEE BHIOPAHHOMY YPOB-
HIO BBIXOIHOTO curHayma. ONUCaHHbII MeTOJI M3MePEeHUs IAaeT MePeBEPHYThIN rpaduk,
KOTOPBII TIOKa3bIBaeT BO3PACTAHUE U3MEPSIEMOI BEJIMUNHBI C POCTOM YaCTOTHI (BMECTO
HOJIOKEHHOTO YOBIBAHUA ), HO CAM METO/] HACTOJIBKO ITPOCT U YA00€H, 4TO C HTUM HEC-
OOTBETCTBHEM MOKHO CMUPHTHCS. MHUMOe Bo3pacTanue KoahdUIINEHTa YCUIEeHUS
OOBSICHSIETCST TEM, UTO JIJIsI TIOJIJIEPsKaHUsI BBIXO[HOTO CUTHAJIA HA TIOCTOSTHHOM YPOBHE
€ POCTOM YacTOThl AU dEPEHITMATBHBII YCUIUTEedb TPEOYET YBEAMYEHMs PA3HOCTH
BXO/THBIX HAIPSKEHUT.

Ha puc. 3.5 nokaszan rpaduk, moTyueHHbIN IpU U3Mepernn koadduiineHTa ycuie-
HUST CXeMBbI, u300pakeHHo#t Ha puc. 3.1. YpoBeHb BBIXOAHOTO CHUTHAJIA COCTAaBJISLI
+16 nb no nanpsprkennio. PeasibHoe 3navyenne koadduiinenta ycusieHus: MOXKHO MOJTy-
YUTH, TPOCTO OTOPOCUB 3HAK «—>».

KoabduimenT ycunenus nagaet mpu yBeJUIEHUH YACTOTHI CO CKOPOCTHIO 6 1B Ha
OKTaBy (ecsi He MPEANPUHUMAIOTCS KaKue-JIu00 CIeUaibHble MepPhl TI0 KOPPEKIIUH
yeusuTesist). JTo HajieHne TIPOJ0JIKaeTcs, coryacHo npasuiy HaffkBucta, moka rpa-
¢uK He TIEpeceveT TOPU3OHTATLHYIO JIUHUIO, COOTBETCTBYIONTYIO KO duiimenTy nepe-
JIavu TIem 00paTHoOH CBsA3U (e yCUIuTeNb cTabuien). /[pyrumMu cioBaMu, MOKa 3Ha-
yeHre Ko3(pUIMEHTa yCUIeHUs He JJOCTUTHET eINHUIIbI, CKOPOCTh €T0 MaJleHus He
YBEJIMUUBAETCS B PE3yJIbTaTe NeCTBUS APYTHUX MOJIIOCOB. DTO AT BO3MOXKHOCTD OIle-
HUTh CHU3Y 4aCTOTY BTOPOTO MoJjroca P2 — oHa oJKHA OBITH GOJIBIIE YACTOTHI ¢IMHNY-
HOTO YCUJIEHUSI.

TouHoCTb TOKA3aHHOTO HA pHUC. 3.5 MeTona n3Mepenust KoauirenTa ycuaenus
3aBUCUT OT TOTO, HACKOJBKO XOPOIIO UCMOJb30BAHHBIN B TECTOBOW CXEMe YCUIUTENDb
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OLGIN AMPL(dBr) vs FREQ(HZ)
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Puc. 3.5. KoaddpuumeHr ycunenms npu pasopsanror uenu OC (ab) ans
cxeMbl, nokasaxHoi Ha puc. 3.1. Bospacranue rpaduka npu napeHnm
KO3 UUMEHTA YCUNEHUS C POCTOM YACTOTbI OBBACHSIETCS TEM, YTO Ha
CAMOM fiene M3MepseTcs PACCOrNACOBAHME BXOAHBIX HAMPSXXEHUN And-
dbepeHumanbHoro yeunurens

noziaBJsiet cuHpazubiii curHal. bydepst TL072 no3Bossior nzonuposats nuddepen-
IIMAJIbHBIE BXO/[BI TECTOBOTO YCUIUTEJIS OT BBIXO/IA TPOBEPSIEMOIA CXEMBI, B Pe3yJIbTaTe
Yero MocJenHsIsl TPAKTUYECKU He Harpy:kaercs. B aToM OTHOIIeHWM O4YeHb OIlacHa
€MKOCTh COEeIMHUTEBHBIX Kabesiell, 0COOEHHO eMKOCTh MEKY BXOIOM —V U «3eMIIeiis,
TaK KaKk OHa HapyllaeT CTaOMIbHOCTh yeunuTes, 1o0asisasa K nenyr OC HOBbII HOJTIOC.
Kopotkue nposoza, Beayuue ot Y M3 k 6y(hepHbIM YCUIUTESM, MOKHO HE 9KPaHI-
pOBaTh, MOCKOJbKY UCTOYHHK, K KOTOPOMY OHU TIOAKJIIOUEHBI, UMEET HU3KOEe BHYTPEH-
Hee COTIPOTHBJIEHUE.

Koaddunument nopasnenus cundasuoro curnanga (KOCC) TecToBoii cxeMbl 3aBu-
CUT OT TOTO, HACKOJIBKO BEJIUK ee KOI(PDUIIMEHT yCUIeHUs] TIPU Pa30pBaHHON TN
OC. ABTOp HCIOJB30BAJ OOBIYHBII AyAUOYCUIUTENb IEPBOTO KJacca, 6e3 KaKux-JIu6o
JIOTIOJTHUTENIbHBIX Mep 10 yBeamuenuio 3Hadenns KOCC. I'pamynpoBka TecToBOiA
CXEMbI TIPOU3BOIUTCS MOAKIIOUEHIEM K 0001uM Gy (hepHbIM YCUTUTEISIM OJHOTO M TOTO
JKe MCTOYHWKA BXOIHOTO CUTHAJIA PA3JIMYHON YaCTOTBbL. BeposTHO, TpasynpoBOYHAS
KpuBasg OyJer Bo3pacTaTb cO CKOPOCTbIO 6 1B Ha OKTaBy, 9TO 00bACHAETCS HEM30EK-
HOU acumMeTprell auddepeHnaIbHOTO YCUIUTEsE, JTa OMMOKA MOKET CUUTATHCS
JIOCTATOYHO MAaJIOM, TaK KaK CHIHAJ C BBIXOJA IIPOBEPSAEMOrO YCUJINATENST OOJIblIe
nee|G1], mo kpaiineit mepe, Ha 10 1b. Ha HM3KUX yacToTax rpajyupOBOYHbIN rpaduk
IIPEACTABIAET COOOH FOPU3OHTANBHYIO IPSMYIO, BOSMOXKHO, ¢ HEGOIBIINM BO3PaCTa-
HUeM [IPY TOHUKEHUU YaCTOThI, 4TO 00bsICHSIETCS pa3balaHCOM pasAeInTeTbHbIX KOH-
JIEHCATOPOB HA BXOJI€ TECTOBOM CXEMBI.
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3.7. MopenunposaHue YM34

Uctounuku nckaxkenuii 1-ro n 2-ro TUMIOB YaCTO OKA3BIBAIOT OIPE/IEISTIONIEE BIUSHUE
Ha 9(PHEKTUBHOCTD YCHJIUTENST MOITHOCTH, TTOITOMY OHM JOJIKHBI OBITh TIATENBHO
HCCJIEI0OBAHBI, 110 BOBMOKHOCTH, 6€3 MEIIAIONIEro BIMSHUS APYIUX UCTOYHUKOB MCKa-
JKEeHUIl, 00YCIIOBJIEHHBIX PabOTON TPAH3UCTOPOB OKOHEYHOIO KacKaja B PEXKUME KJiac-
ca B. 9ro wuccaenoBanme MOXKeT OBITH TIPOBEIEHO B PE3YJbTaTe YIIPOIIEHUS CXEMbI
YM3Y — 3ameHOll ee HEKOTOPBIM MOJIETTBHBIM YCUJIUTENEM, COCTOSIIIIUM U3 MAJIOCHUT-
HAJIbHBIX KACKAI0B TIPEABAPUTEIHHOTO YCUIEHUS, K KOTOPBIM MOIKIIOYeH OKOHETHBIN
KacKaj Kjacca A, IpeIcTaB/Iiomnil coO60l SMUTTEPHBII OBTOPUTEND 1 00IaJaI0INI
BBICOKO#1 JIMHEIHOCThI0. OKOHEUHBIN KacKa/l HEOOXOAMM, TaK KaK HMEHHO ¢ HEro CHU-
MAeTCsl CUTHAJ 0OPATHOM CBSI3U, 33/IAIOIIIIT TapaMeTPhl YCUJIUTEIS B 1eJioM. TepMuH
«MaJIBINl CUTHAJI» 3/IeCh OTHOCUTCSI K TOKY, a He HAPSKEHUIO, TIOCKOJbKY Ha CAMOM
JleJie CUTHAJIBI MOJIEJIBHOTO YCUJIUTEJISI IOJIKHBI UMETh JIOCTATOYHO OOJIBIIYHO aMILIH-
Tyny (Kak U3BECTHO, OHA OTPAaHUYMBAETCS HAIPSIKEHNEM MCTOYHWKA TTuTanusd). Eciaun
BBI IIOCMOTPHTE HA PUC. 3.2, TO MOIMeTe, UYTO OMUCAHHBIN MOAX0 MTO3BOJIUT PACCMO-
TPETh TEPBbIE JIBA UCTOYHUKA MCKAKEHUI, OTIENB UX OT OCTaJbHbIX. B pe3yJsbrare
MBI CMOKEM TPOEKTHUPOBATh MAJIOCUTHAJIbHbBIE KACKaflbl, UMEIOINe Majoe 3HaueHue
KHMU, a uMeHHO 3TO SIBJISETCS 3aJI0TOM ycIieXa MPOeKTUPOBAHMS BBICOKOKAUYECTBECHHO-
ro YM3Y.

I'pacduk 3aBucumocT KoaduimenTa HEMNHENHBIX UCKAKEHUN OT YaCTOTBI JIJIS
MO/IEJIBHOTO YCUJTUTES, B KOTOPOM JIEUCTBYIOT TOJIBKO TIEPBBIE /[BA UCTOYHUKA UCKA-
’KeHWI 13 HaIlleTo CIUCKa, IPUBEeH Ha puc. 3.6.

AUDIO PRECISION APLASISS THD+N(%) vs FREQ(HZ)
0,1

0,010
— \/————-——/
0,001
0,0005
20 Iy, 100 Iy, 1kly 10kt 20 kly

Puc. 3.6. 3asncumocts KHU (%) ot uactotsi (Tu) ana mopensHoro ycu-
nutens. OBpaTuTe BHMMAHME HA YBENMYEHME CKOPOCTU HAPACTAHMSA
KHWU npu ysenuueHnmn 4actotsl ycMAMBOEMOro CMrHANQ, KOrAA Hapsay
C MCKQXKEHMSMM, FEHEPUPYEMBIMU YCUIUTENEM HANPSKEHMS, HAOYUHAIOT
NposBASTLCS UCKAXEHUS, PopMUpyeMble BXxoaHbIM kKackagom YM3Y
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Kak MOXXHO BHUIETH, TIPU YBEJWYEHUH YACTOTHI YCHUJINBAEMOTO CHUTHAJA 3HAUEHIIE
KHMU Bospacraet cHavyasia co ckopocThio 6 1b Ha oKTaBy (Ha 9TOM y4yacTKe UCKaXKeHUsI
B OCHOBHOM (DOPMUPYIOTCS YCUJIUTENIEM HANPSKEHUS, TO €CTb BTOPbIM KacKaIOM
YM3Y), a 3aTeM ckopocThb Bospactaet 10 12 1b Ha okTaBy (1 00y CI0BIEHBI HecOaTaH-
CUPOBAHHOCTHIO TP PepeHIINaIbHOr0 YCUIUTEIS, TO eCTh TIEPBOTO Kackaaa Y M3Y).

Yro6bl COKPATUTH YHCJIO TIEPEMEHHBIX, [JIsI MUTAHUS MOJETBHOTO YCUIUTEJS
MOKHO WCIIOJIb30BATh PETYJUPYEMBIl MCTOYHUK HANPSKEHUS C OTPAHMYEHUEM TI0
TOKY. JIJIs1 cpaBHEHUs Pa3JINYHbIX YCUIUTENEH Cle/lyeT BhIOpaTh CTaHAAPTHBIN ypo-
BeHb BBIXO/IHOTO CUTHAJIA, B HAIIMX 9KCIlepuMeHTax Mbl 3azaiu +16 nb (1o nanpsixe-
HUIO) IPU HANIPSLKEHUN UCTOYHMKA muTanust +/—15 B.

Vcrioib30BaHue OMICAHHOTO MOZIETBHOTO YCHIUTEIS TPEOYET HEKOTOPOI OCTOPOK-
HOCTU ¥ He [aeT BO3MOKHOCTU HCCJIE0OBAHUS MPOBENEHUST MOIIHBIX OKOHEUHBIX
KackazoB Y M3U4.

3.8. KoHuenuus «6e3ynpeyHoro ycunurens»

«besynpeunpiit YM3Y» — 5T0 TaKkoll yCUIUTEIb, TIPU IIPOEKTUPOBAHNU KOTOPOTO CBe-
JIeHbl K MUHUMYMY pacCMaTpWBaeMble B HaIlleM CIUCKE MCTOUYHUKH UCKAKEHUI.
3aMeThTe, YTO TEPMUH «OE3yIPEUHBINy OBLT TIIATENBHO BBIOPAH, YTOOBI MOJAPa3yMe-
BaTh He MOHSITUE «COBEPUIEHHBI», a TOJBKO JIUITh yCTPAHEHIE U3BECTHBIX IOTPEITHO-
creil yeumenust. Takoll ycwuTesb T0JKeH oOeclieunBaTh 3HaueHue KoadduimenTa
HeJIMHelHbIX uckaxkenuil mpumepHo 0,0005% Ha vactore curnana 1 k[ u npubinsu-
tesbHo 0,003 % Ha yactore 10 kI pu paGoTe Ha BOCBMUOOMHYIO HATPY3KY. DTH Tpe-
GOBAHUS CTPOKE TEX, YTO OOBIYHO MPEIBSIBISIFOTCS K TPOMbIINIIEHHBIM BBICOKOKAYe-
crBeHHbIM Y M3 ¢ OKOHEYHBIMU KacKagaMu, paboTalonMMU B PeKUMe Kiaacca B, HO
Ha3BaHHbIE XAPAKTEPUCTUKY BITOJHE JOCTUKIMBI U JIasKe He TPEOYIOT UCITOJIb30BAHIIS
ouensb raybokoit OOC.

VICTOYHUK WMCKaKEeHWIl MepBOro THIa He MOKeT ObITh YCTpPaHEH MOJHOCTHIO, HO
¢ nomouibio MmectHoi OOC MOKHO ciesiaTh TaK, YTOObl OH Ha4a/l IPOSIBJISITHCS TOJIBKO
c gactoTs! 20 k1.

[lelicTBUe MCTOYHMKA NCKAKEHU BTOPOTO TUNA (JIOKIN3YIONIETOCS B YCUJIATENE
HaIPSKEHUST) MOKHO TIOaBUTh C MOMOINBIO KAaCKaIUPOBAHUS WJIM UCIIOJb30BAHUEM
TPAH3UCTOPOB, UMEIOMIMX GOJBIION KOB(hOUITHEHT Mepeadit TOKa Oashbl.

VI CTOYHUKH € YETBEPTOTO 10 CEIbMOT JIETKO YCTPAHSTIOTCST TOMOJOTHIECKIME METO-
ngaMu. Mbl ogpoGHO 06CYAUM 3TH BOIIPOCHI YUY Th MO33KE.

Ocrajicss TpeTUil MCTOYHMK HCKa)KeHUH, 0OYCJOBJAEHHbI paboTOil OKOHEYHOTO
KackKaja B PeXuMe Kjacca B, B TOM 4mcjie MCTOYHUK McKaxkeHuil 36 (1epekpecTHbie
WCKaKkeHns) U 3B (MCKayKeHUs, BhI3BAHHBIE MHEPIIMOHHOCTBIO 3alTUPAHUs TPAH3UCTO-
POB, 3aMeTHOW TIPU BBICOKOH YaCTOTE YCUJIMBAEMOTO CHUTHAJA). 3aMETHM, YTO [IJIst
MUHUMHU3AIMN UCKaskeHUH 30 B «0e3yIPEYHOM YCUJIATEIe» MPUXOAUTCS HCIIOJIb30-
BaTh OMIIOJISIPHBIE TPAH3UCTOPDI, @ HE H0JIEBBIE.

[ToaToMy mipu 0CTaTOYHO BBICOKOOMHBIX Harpy3kax (He Hike 8 OM) U3 UCTOYHU-
KOB TPETHETO TUTIA B «OE3YIIPEUHOM YCUIUTEIIE> TIPOSIBIISTIOTCS TOJIBKO UCKaskeHwust 30.
Ecinu xe comnporuBiienue Harpy3ku cHiskaercss 10 4 OM, TO CTAHOBUTCSI 3aMeTHbIM
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MPOsIBJICHIE UCKaKeHU#H Tha 3a, 00y CIOBIEHHBIX TPEThEH FAPMOHUKOH yCUIMBAEMO-
IO CUrHaJa.

BaskHOCTb BBEIEHHOTO 3/1€Ch MOHATUS «Oe3yNPEYHOCTU» 3aKIIOYAETCS B TOM, 4TO
OHO I103BOJIICT YCTAHOBUTD HAEKHYIO M MOBTOPSIEMYIO TPAHHUILY, K KOTOPOH A0JIKen
CTPEMUTHCS Pa3pabOTUKK MIPU TPOEKTUPOBAHUY BBICOKOKauecTBeHHOrO Y M3Y.

3.9. CNncoK Ucnonb3oBaHHbIX NCTOYHUKOB

1. Oliver. Distortion In Complementary-Pair Class-B Amplifiers. Hewlett-Packard
Journal, Feb 1971, ctp. 11.

2. Feucht. Handbook of Analog Circuit Design. Academic Press, 1990, ctp. 256.

3. Cherry E. A. New Distortion Mechanism in Class-B Amplifiers. Journ. Audio Eng.
Soc., May 1981, ctp. 327.

4. Ball G. Distorting Power Supplies. Electronics World+WW, Dec 1990, ctp. 1084.



MnaBa 4. ManocrHanbHble Kackaabl
npeaBapuTenbHOro ycuneHus

Hauano — amo spems, xozda neobxodumo yoeismv 0cobo npu-
cmanvHoe 6HUMAHUE COOMO0EHUI0 PABHOBECUS.
®pank Tepbept «/IoHa»

4.1. Ponb BXogHoOro Kkackaga YM34

Ha Bxoanoii kackag YM3U jioxurcs BakHasg 00s93aHHOCTD 110 (POPMUPOBAHUIO CUTHA-
JIa, SIBJISIONIETOCS Pa3HOCTHIO BXOJHOTO HANPSIKEHWS W CUTHAJA, TIOCTYTAIONIETO IO
KOHTYPY 00paTHOii cBsizu. I1oaToMy B GOJIBIIMHCTBE CIydaeB MCIOJb3yeTcs audde-
PEHIMAIbHBIA KacKal, MpeodpasyoIIuil pasHOCTh HAIPSLKEHUN Ha CBOMX BXOJAaX
B TOKOBBII BBIXOJTHOI CUTHAJI, KOTOPBIi MAJIOUyBCTBUTENEH K BBIXOHOMY HAIIPSIKEHUIO.

3auactyto paspabOTUYMKU YAECASIOT MaJO BHUMAHUS TIPOIECCY MPOEKTUPOBAHIS
BXO/THOTO KacKa/ia, TOCKOJIBKY CUUTAIOT, YTO Pa3 YPOBEHDb BXOJIHOTO CUTHAJIA JIOCTATOU-
HO MaJl, TO HeJIMHEHHOCTBIO IIEPBOr0 KacKaaa MOXKHO IIpeHeOpeub U COCPELOTOYUTh
OCHOBHBIE YCUJIUSI 00OECTIEUEHNIO XOPOIIEH JUHENHOCTH MOCTEAYIONNX KACKaJI0B —
YCUJIUTENST HANPsKeHUsl, (pa30MHBEPTOPA ¥ BBIXOJIHBIX SMHUTTEPHBIX MOBTOPHUTEIEH.
Taxas mocraHoBka Borpoca B kopHe HeBepHa! Kak MBI yBHANM, UMEHHO BXOAHOUN
KacKajl OTBETCTBeHeH 3a (OPMUPOBaHKE JOMIHUPYIOIUX UCKaKeHUH B 00JIaCTH BBICO-
KHX YacTOT, OIPEAEISIOIIX Ka4eCTBO PadOThI YCUJIUTES B IIEJIOM.

KpyTtusHa nepeatouynoil XapakTepUCTUKHU TIePBOTO Kackaja (TO eCTh OTHOIIEHUE
BBIXO/IHOTO TOKA K PA3HOCTH BXOJHBIX HATIPSIZKEHWH ) — 3TO OJMH U3 JIBYX TTapaMETPOB,
BJIMSIONINX HA 3HaUeHNEe KoadduimenTa ycunenus (¢ pazomknyToit merseit OOC) Ha
BBICOKHX 4acToTax. I10aToMy HEOOXOAMMO OGECHEYNTh €ro NOCTATOYHYIO BEJHMYUHY
1 cTabUIBHOCTD, B Miease paspaboTyrK JOJKEH YE€TKO CO3HABATh, TPH KAKOM MaKCH-
MaJbHOM 3HaueHUM KoadduineHTa ycuieHus npu pazomkayTtoir OC Ha vacrorte
20 kT ere Gy et obecrieunBaThCs cTabrIbHag paboTa yCUINTEIS B XYALIEM CIydae —



4.2. ICKAXKEHUS CUTHAJIA B MEPBOM KACKAAE YM34 [ g7

JOCTATOYHO OOJIBIION PEeaKTUBHOM Harpyske (9TO CTAHOBHUTCS IIPOINE, TaK KaK MbI
VMeeM B CBOEM PACTIOPSIKEHWH ONTMCAHHBIN BBIIIE METOJ] HEITOCPEICTBEHHOTO U3Mepe-
Hust koadpduimenrta ycunenust npu pazomknyToin OC). OTcrona omnpesesnsieTcss Kpy-
THU3HA XapaKTEPUCTUKU BXOAHOTO KacKajla W eMKOCTh Muiijiepa, ToO ecTb OCHOBHOMN
MTOJTIOC CHCTEMBI.

BosbmmmacTBo rpaukoB, TPUBENEHHBIX B ATOW TJaBe, MOJYYEHbI B PeE3yJbTare
KCCJEIOBAHUS MOJEJBHOTO YCHUJIUTENS, CONEPIKAIIET0 TOJbKO MAaJOCUTHAJIBHBIE
KacKaJbl U BBIXOJHON SMUTTEPHBIN IIOBTOPUTEb, PAOOTAIOIIMII B pexuMe Kiacca A
(xax ObLIO ommcaHo B paszene 3.7). YpoBeHb BIXOAHOTO CUIHAMA IPUHUMAJICS PaB-
ueiM +16 nb mo Hanpstkenumio. Hamnpskenue MCTOYHHMKA IMTaHUS OBLIO BBIOPAHO
+/—15 B. OnHako, Tak Kak BEJIUYMHON, CHIMAeMOM ¢ BBIXO/Ia TEPBOTO KacKaja, SBJIs-
€TCs TOK, TO BbIOOD HAIIPSKEHUs] UCTOYHUKA IIMTAHKSA HE OKa3bIBaeT CYLIECTBEHHOTO
BJMSAHUA Ha JIMHEHHOCTh BXOAHOIO Kackaja, ropasio 0ojiee BasKHBIM IapaMeTPOM
SIBJIAETCS aMILJTUTY/IA BBIXOMHOTO TOKA.

4.2. ckaXkeHns curHana B nepeom Kackage YM34

[ToGy muTeIbHON IPUYMHOM UCTIONB30BaHK AU dOEPEHIINATBHOIO YCUIUTES B Kaue-
cTBe nepBoro Kackaza YM3U asisiercs To, 4To eMy He Tpebyercs: GOJIbIIoe HallpsxkKe-
HHUeE CMEeNIEeHNs, a TAKKe ero O0JIBII0E BXOIHOE COIPOTUBJIEHUE 110 TIOCTOSTHHOMY TOKY,
B peayabTare yero Tok o rnenu OOC mpakTudeckn He TedeT. /[pyroii, He MeHee Bak-
HOW, HO, TO-BUJUMOMY, MAJIOM3BECTHON MPUUYUHON SBJSETCSA BBICOKAS JUHEUHOCTH
MG depeHInanTbHOTO YCUIUTEst — HAMHOTO 6oJiee BBICOKasT, 4eM MOKHO TPeOOBaTh OT

YCUIIUTEJIbHOTO KaCKa/Zla Ha OJHOM TPAaH3UCTOPE.
O B+ B+ B+

1 kOm 1 kOm

Tr1 Tr1

Tr2 Tr2 Tr3 Tr2 Tr3

R3 R2 R3
6,8 KOm 6,8kOm 6,8kOm 6.8 KOM

B- B- 6)

B-
Puc. 4.1. Tpu Bap1aHTa ucnonHeHus anddepeHLmManbHoro Kackaaa:

Q) pesncTop B aIMUTTEPHON Lieny;

6) MCTOYHMK TOKO B IMMTTEPHOM Lieny;

B) MCTOMHMK TOKQ B SMUTTEPHON M TOKOBOE 3€PKANO B KOSNEKTOPHOM
uenu

Ha puc. 4.1 uzobpaskeHbl TpU BapUaHTA UCTIOTHEHUS T HEPEHITNATBHBIX YCUTIATE-
sieir (B mopsizike ycaoskHeHust cxeMbl). [lepBoiii BapuanT (puc. 4.1a) uMeer HU3KUIA
koaddunment ocnabaenus cutdasnoro curdana (KOCC) u Boobuie, ABjasgercs npu-
MEPOM JIOJKHOM 9KOHOMHUU — 13-32 CBOMX IIOXUX XaPAKTEPUCTUK 9TA CXeMa 31eCh
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Gouee He paccMaTpuBaeTcs. TpeTbst cxema (puc. 4.18) uMeer BaBoe Goubimii Koadhdu-
[UeHT ycusieHus auddepeHImaibHOro curHaia, ueM Bropas (puc. 4.16). Kpome toro,
TOKOBOE 3€PKaJIo 00€CIeYrBaET JYUIIYI0 COATAHCUPOBAHHOCTD BXO/IOB.

Ha miepBbIil B3I MOKET TIOKAa3aThCs, UTO MCKAKEHWS B MEPBOM Kackaze Y M34
He MOTYT GbITh BEJIMKHU, TOCKOJIBKY B HEM YPOBEHb CUTHAJIA TI0 CPABHEHUIO C OCTAJIbHBI-
MU KacKa/laMH WMeeT HAaMMEHBINYI0 BeJINYHHY, Bellb NPAaKTUYeCKU BCe YCHJICHIE
HATIPSKEHUST BXOJIHOTO CUTHAJIa 00eCTieunBaeTcst BTOPhIM KackagoMm. Ho Ha yacrorax,
JIEKAIIUX BBIIIE YacTOTHI TIePBOTO Mmojioca P1, mpakTwyeckn Bech TOK, CHUMAEMBbIil
¢ BBIXO/Ia TIEPBOTO KACKajIa, TeueT yepes 6a3a-KoJIEKTOPHBINA KOHICHCATOP TPAH3UCTO-
pa BTOPOTO Kackajia, pudeM MoTpebIIsieMblil UM TOK YIBAUBAETCS ¢ KasKI0N OKTaBOIi:

i—0-C. -V (4.1)

re®=2mnf.

Hanpumep, aMmimuryga Toka, TpebyeMass st pabOThl YCHIUTENS MOIIHOCTBIO
100 Br na 8-omHyI0 Harpysky mnpu dactore curiana 20 k['i 1 eMKOCTH KOHIEHCATOPA
100 n®, paBua 0,5 MA, 4TO COCTaBJsAET JBBUHYIO MO0 BBIXOIHOTO TOKA TEPBOTO
Kackaza. Tenepb CTAHOBUTCS SICHO, TIOUEMY JIMHETHOCTh BXOIHOTO Au(depeHIraib-
HOTO KacKa/a IpH GOJIBIINX TOKAX HArPY3KH SIBJISIETCS 3aJI0TOM KaueCTBEHHOU paboThI
Bcero YM3U Ha BBICOKMX YaCcTOTaX.

AUDIO PRECISION APLASISS THD+N(%) vs FREQ(Hz) 04 MAR 93 12:05:08
0,1 I
Kpusasi:B
HaknoH 12 ab/okTaBy HaknoH 18 nb/okTaBy
0,010
/
/
/
LupuHa-AnanazoHa—500k L, Kpitsas/
A/ |
S00KI = | A
1 80KT L
0,001
0,0005
20y 100 Iy 1y 10 kl'y 100 ky

Puc. 4.2. 3asucrMocTb K03 PULMEHTA HENUHEMHBIX MCKaxeHui (%) oT
yacrotsl (Mu) pnss mopensHoro YM3Y:

A - puddepeHumanbHbii Kackap;
B — opHoTpaH3ncTOpHBIM Kackap,

Kpusag A na puc. 4.2 nokasbsiBaet 3aucumoctb KHU mMonenpHOTO yeunurens ot
4yacToThl (MPU HATIPSI)KEHW U BBIXOAHOTO cuTHaMa +16 1B), clipoekTupoBaHHOTO TaKUM
06paszoM, 4ToObI IpeodIafaii TOJbKO UCKAKEHHU OT THIATEJIbHO COATaHCUPOBAHHOTO
BXOJIHOTO Kackaja. [/ KackajoB yCuieHus, paboTaionMx B PeKUMe Kjacca A, 910
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O3HAYaeT, YTO YCUJIUTE b HAIPSKEHUsT — BTOpo Kackag Y M3U — moskeH obiaagath
JIOCTATOYHO BBICOKOH JIMHENHHOCTDIO. V3 rpadmka BUIHO, YTO MIPH ITUPUHE IUATTa30HA
usmepenuit, papaom 80 kIt (Hvkusist kpuBast A) u 500 kI (BepxHsist KpuBast A), 3Ha-
yeane KHU wa auskux gactorax (Meree 10 kI'11) mocTatouno mMamio, a Ipu JajbHed-
1IeM BO3PACTaHUM YaCTOTBl HAYMHAET YBEJIMUMUBATHCA CO CKOpocThio 18 1B Ha okTaBy.
ITO yBeaudeHre 0OBSICHIETCS TEM, YTO TOK HATPY3KU MEPBOTO KACKA/IA, OTPEIEesi-
€MBIil TOKOM, TEKYIIUM Yepe3 0a3a-KOJIEKTOPHBIA KOHEHCATOP TPAH3UCTOPA BTOPOTO
Kacka/la, HayMHaeT Y/BauBaTbhCS € KaXkK/10M OKTAaBOM, cjle/IoBaTeIbHO, YPOBEHb TPEThei
TaPMOHUKHN YCUJIMBAEMOTO CUTHAJIA BO3PACTAET € KaXKAOH OKTABOW B YeThIPE Pa3a.
OmHoBpeMEeHHO co CKOPOCTbIo 6 1B Ha oKTaBy najzaeT K03(GOUIMEHT Tepelaur B IeTH
OTPHUIATEIBHON 00paTHOW CBsi3W (TaK KaK pacCMaTpUBaeMble YACTOTHI HABEPHSIKA
BBIIIIE YaCTOTHI 1iepBoro nosoca P1). B pesysbrare u mosrydaercst HabI01aeMOE BOCh-
MUKpaTHOe yBejandeHue kod(pduirenta HeJUHEHHDbIX NCKAKEHUHN NPU yBeJIUYEeHUN
YaCTOTHI CUTHAJIA B JiBa pa3a, To ecTb 18 nb Ha oktaBy. Eciiu ObI MCKaKeHUSIME BO BTO-
POM 1/WJIM TPEThEM KacKaax HeJb3st OblIo mpenebpeub, To Bospactanre KHU cocra-
BJIsIO OBI Beero 6 1B Ha OKTaBy.

Ecan sxe BxomHoi muddepeHIuaibHblil Kackas He cOaJaHCUPOBAH A0CTAaTOYHO
XOPOIIIO, TO CUTYAIUsS CTAHOBUTCSI H0JIee CI0KHOIM. KpoMe TpeTheil rapMOHUKY yCUITH-
BAeMOTO CHUTHAJAa T€HEPUPYETCS ellle W BTOpas, B pe3yJbTaTe HAKJIOH 3aBUCUMOCTHU
KHU ot yacToThl cocrabiser npubusuresnibHo 12 1B Ha okraBy. Mbl o6cyauM aToT
ciry4yai qyTh MO3Ke.

4.3. BI/II'IOHSIprIe U nonesble TPAH3NCTOPbI BO BXOAHOM KacKaae

ITpu npoekTupoBanuu Ja0bdoro Kackaga ¥ M3U pasymMHO 3anaTh cebe BOIIPOC: KaKue
TPAH3WCTOPHI JTyUIIle BCETO UCIOIB30BATh: MOJIEBbIE WK Outossipabie? Bes korebanuit
MOTY YTBEP:KJATb, 4TO HpecKazyeMoe 3Hauenne Vi, /I, n Gosee BbcOKash KPyTH3HA
[epeaTOYHON XapaKTEPUCTUKU JleJlaeT OUIIOJISIPHBIE TPAaH3UCTOPBI HECOMHEHHBIMU
JujiepaMu TIPU TIPOEKTUPOBAHMU BceX Tpex KackanoB YMJ3Y. Paccmorpum aToT
BOITPOC TO/IpoOHEe.

4.3.1. MpenmyLLecTBO NCNONb30BaHUS NONEBbIX TPAH3UCTOPOB BO BXOAHOM Kackafe
YM3Y4

3aTBOp TOJIEBBIX TPAH3WCTOPOB TPAKTHYECKU He TOTPEGISIET TMOCTOSHHOTO TOKA
(B orsimume ot 6a3bl TPAH3UCTOPOB GUNOJIAPHBIX). Ho ciesyer uMeTh B BULY, YTO IPU
YBEJNYEHUU TeMIIepaTypbl TOK yTEYKN 3aTBOPaA II0JIEBBIX TPAH3UCTOPOB PE3KO BO3pa-
CTaer.

4.3.2. HepocTtaTKn Ncnonb3oBaHUS NOMEBbIX TPaH3UCTOPOB BO BXOAHOM Kackaje
YM34

1. Kpyrtnsna nepenatouHoil XapaKTePUCTUKH MOJEBBIX TPAH3UCTOPOB HMU3KA
[0 CPAaBHEHUIO C OUTIOJSIPHBIMU, & BEJIb TO HATIPSIMYIO BJIMSIET HA BO3MOK-
HOCTb JINHEeapU3aluy KacKa/a.
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2. ITojieBble TPAH3UCTOPHI MMEIOT CJIMIIKOM OOJIbIIOH pasdpoc 3HaueHM
V.- B GombmmucTBe CirydyaeB NPUXOAUTCS MCIOIb30BAaTh BMECTO OJIHO-
r0 — CIBOEHHYIO APy IMOJIEBBIX TPAH3UCTOPOB (YACTO NE(PUITUTHBIX ), YTO
YBEJIMIMBAET CTOMMOCTH ycTpoiicTBa. Ho maske 1 B aTOM caryuae HeoTpeie-
JIEHHOCTD HAIPSXKEHMsI CMENIEHNsT 3aTBOP—UCTOK OYeT, BOSMOYKHO, 60JIb-
IIe, 4eM y TIaphl AETEeBLIX OUTOMSPHBIX TPAaH3UCTOPOB. Hampumep, ciBoen-
HbI€ TPAH3UCTOPHI € N-KaHamoM 2N5912 nMeioT MaKCUMaTbHO BOBMOKHBIN
pasbpoc sHaueHuit V,y, paBHblii 15 MB, B To Bpems kax OuIossipHbIe
TPAH3UCTOPBI, 0COOEHHO B3SIThIE M3 OJHON MapTuu (UTO SIBJSETCS OObIU-
HBIM JIEJIOM), UMEIOT pa3bpoc 6Ga3a-sMHUTTEPHOTO cMelleHust He Goee
2-3 MB, nmpuuem, 3THM OGBIYHO MOKHO HpeHeGpedb 10 CPaBHEHUIO
¢ omuOKOM, 00YyCIOBJIEHHOI HecOalaHCMPOBAHHBIMU GA30BbBIMKM TOKAMU
TPaH3UCTOPOB.

3. TIymbl GUIIOISIPHBIX TPAH3UCTOPOB OOBIYHO HIKE, YEM TIOJIEBBIX, OCOOEH-
HO, €CJIM COTIPOTUBJIEHE UCTOYHUKA CUTHAJIA IOCTATOYHO HI3KOE, CKAYKEM,
menee 5 KOM.

4.4. CpaBHeHVe OQHOTPAH3UCTOPHOro BXOAHOr0 Kackapa
¢ anddepeHUnanbHbIM

Wcnonb3oBanue eANHCTBEHHOTO TPAH3ICTOPA BO BXOTHOM KacKajie (COOTBETCTBYIO-
I1as cCXeMa MoKa3aHa Ha PHUC. 4.3) MOJKET TIOKA3aThCs TPUBJIEKATETbHBIM, 0COOEHHO JIJIst
CXeM, B KOTOPBIX NMeeTCsT KOH/IEHCATOPHAsI CBS3b MEKIY KacKaJaMU — BO BCSIKOM CJIY-
4ae, 9T0 GBUIO GBI SIBHO JIENIEBJIE, YeM MHOTOTPAH3UCTOPHBIN A depeHInaIbHbIil
KacKajl.

Ho cnenyer moMuuTh, 4TO OMHOTPAH3UCTOPHBIN KACKA T€HEPUPYET BTOPYIO TAPMO-
HUKY YCUJIMBAEMOTO CUTHAJIA, B TO BPEM:I KaK AuMPepeHITHaTbHBIN YCUIUTEb [eJIaeT
3TO, TOJBLKO €CJIU SIBJISIETCST HecOamancupoBaHHbIM. JIaHHBIH HEOCTATOK KAcKa[a Ha
OJIMHOYHOM TPAH3UCTOPE OOBSICHSIETCST €70 HKCIIOHEHITUATIBHON 3aBUCUMOCTHIO BBIXO/I-
HOTO TOKa OT BXopHOTO Hanpstkenus [1]. Ha puc. 4.2 saBucumocts KHU ot yacToTh!

105 MKA
RF1

+0,11B
22 kOm

100 MKAl HanpsXxeHnsa
T
Kycunutenio
6,8 kOM l l /% HanpsxeHns
’ 100pA
R2 R3
a) 6) 6k8 6k8

B-
Puc. 4.3. BxogHol ycunutens Ha ogHoM BunonspHom Tpausuctope (a)
U auddepeHumansHbil BXxoagHOM Kackag (6), ¢ ykasaHMem TMROBbIX
PEXMMOB MO NOCTOSHHOMY TOKY
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JIUIST OTHOTPAH3UCTOPHOTO Kackasia mpejcTaBieHa kpuBoit b. Kak Bumno, xoadbduim-
€HT HEJMHEWHBIX MCKAKEHWI MPU BO3PACTAHUU YACTOTBHI YBEJIUYMBAETCS CO CKOPO-
crbio 12 1b Ha okTany.

4.5. UckaXxkeHnsa cMrHana Bo BXOAHOM Kackaae

[TpoBeseHHOE paccMOTpeHUe MoBeeHus 3asucumoctu obmero KHU ycumrens or
YaCTOThI BECbMa II0JIE3HO, HO JJISI CEPhE3HOIO MCCAeNOBaHMs TPeOYeTcs U3MepeHue
WCKaXeHU BO BXOTHOM KacKajle, B3SITOe B M30JISIINH, TO €CTh OT/eJIeHHOE OT NCKaKe-
HUI B oCcTaJMbHBIX Kackaiax Y M3UY. 3To MoKeT OBITD CAEJaHO C TIOMOIIIbIO TeCTOBOMN
CX€eMbl, U300PaKEHHOI Ha puc. 4.4.

+15B

10 kO™
MoacTtporika

No NOCTOSIHHOMY
TOKY

R2 R2 -30B K Tectupyemoii
6,8 kOMm 6,8 KOM cxeme

—

-15B

Puc. 4.4. TectoBas cxema pns M3MEPEHMUs HENMHEMHOCTU BXOBHOTO
Kackaaa

OnepainoHHbIi yCUIUTENDb ¢ [ENbI0 00paTHOW CBsI3W pabOTaeT 371eCh B KA4eCTBE
1peobpa3oBaTeisi «BXOAHON TOK — BBIXOJHOE HAIIPSIKEHE» U UCIOJIb3YETCs sl TOTO,
qT00OBI 00ECTIEYNTh BUPTYaIbHOE 3a3eMJIeHHE BhIXoAa AUM(epPeHIInaIbHOTO KacKaa.
I nMTaHMs ONEepPalMOHHOIO YCHIUTEIS TPeOYeTCs TpeThsl LIMHA HAIPSAKeHHeM
-30 B. 910 HeobxoanMo, 4TOObI HAIIPSKEHME Ha KOJUIEKTOpaX TPaH3ucTopos audde-
PEHIIMATBHOTO Kackazia ObLIo Obl, KaK ¥ B PeaibHON cxeme, 6IM3K0 K HANPSKEHUIO Ha
muHe turtanus 15 B (BepHee, Bbillle 5TOr0 3HAYCHUSI HA BEJWYWHY MaJCHUS HAIPsI-
JKeHWS Ha OJUHOYHOM P-N TIEPEX0ie).

Homunains pe3uctopoB RF MOryT GbITh IIPOIOPIUOHAIBHO U3MEHEHDI, B 3aBUCHMO-
CTH OT UCTIOJIb3YEMOTO OMEPAIIMOHHOTO YCUIUTEISI, STO HUKAK HEe CKAXKETCs Ha Pe3yIb-
tTaTax u3MepeHni. bamancupoBka audbepeHnarbHOTO KacKaga OCYIIECTBISIETCS
MOACTPONKOI ToTeHIMoMeTpa. 1o Mepe TOro, Kak BXOAHOW KacKaz MpUOJIMKAETCs
K CBOEMY PaBHOBECHI0, OOIINN KOI(DDUIIMEHT HEJTMHEHHBIX UCKAKEHUN CHUKAETCH,
[IpUYEM [IPY MUHMMAJIbHOM €r0 3HAYeHUU CPely MOMEX HauuHaeT npeodaagaTh TOJIb-
KO TPEThsI TADMOHUKA YCUTMBAEMOTO CUTHAJIA.
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DIFFPASE CIR Diff pair + mirror + ammeter
Date/Time run: 04/29/95 11:07:47 Temperature 25.0
1,6 MA

1,2 MA

0,8 MA

0,4
BbixoaHoi
TOK
0,0 MA

-0,4 MA

-0,8 MA

-1,2 vA
-300 MB -200 mB -100 mB 0mB 100 MB 200 mB 300 MB

BxogHoe Han psAXeHue

DIFFPASE CIR Diff pair + mirror + ammeter
Date/Time run: 04/29/95 11:07:47 Temperature 25.0

24m

20m

16 m

Koadduument 19m

nepenaun MA/B 6)

8m

-300 mB -200 mB -100 mB 0wmB 100 mB 200 mB 300 mB

BxonHoe Hanpsixenve

Puc. 4.5. Dddekt nMHeapuzaumm auddepeHLManbHOro Kackaga npu
MCMNONb3OBAHMM MECTHOM OBPATHOM CBA3W (pe3ynbTaT MOAENUPOBAHUS
8 cucteme SPICE). HomuHan amuTTepHbIX pe3ncTopos obpaTHOM cBs3u
namensietcs ot 0 go 100 Om c warom 10 Om:

a) 30BUCUMOCTb BLIXOAHOTO TOKA (MA) OT pasHOCTU BXOAHBIX HAMpsXe-
Hui (MB);

6) 3aencnmocts koadduumenta nepegaum (MA/B) ot pasHoctu exop-
HbIX HanpsbkeHui (MB)
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NucddepeHnnambHbIil Kackag uMeeT GOJBIIOe TPEUMYIIIECTBO, 3aKTIOYAIOIEecst
B TOM, YTO €0 TIePeaTOuHasT XapaKTEPHCTIKA MOJKET OBITH MPEICKa3aHa TOCTATOUHO
TOYHO [2]. BBIXOHOIT TOK i 3aBUCUT OT PAa3HOCTU BXOJHBIX HAIPsKeHU V coriacHo
cremytomniei popmye:

i=1,-th(-V/2V), (4.2)

rie Vt — TeTJIOBON MOTEHITNAJ, COCTABJISIONINHI, KaK M3BECTHO, OKOJI0 26 MB 1ipu Tem-
neparype 25°C; th — runepbosmueckuii Tanresc; I — Tok 00paTHOTO HACBIIIEHUSL.

W3 arT0il 3aBUCUMOCTH BBLITEKAIOT /[Ba Ba’KHBIX CJIeICTBUS. Bo-IlepBbIX, KpyTU3HA
(kospPuiment nepenaun) g MOCTUTAET CBOETO MaKCUMyMa IIPU HyJI€BOH PasHOCTH
BXoAHbIX Hanpskenuii (V= 0), Korga TOKM KOJJIEKTOPOB 000MX TPaH3UCTOPOB PABHBL
Bo-BTOpBIX, BeJIMYMHA 5TOr0 MaKCMMaIbHOTO 3HAYEHUS g MPONOPIMOHAIbHA BEI-
unne . 3ameTnm, 4To 3Havyenue koaddunmenTa nepeaayn Toka 6asbl TPAH3MCTOPOB
He Gurypupyer B (4.2), mosToMy BBIOOP TOTO WJIK HHOTO THIA TPAH3UCTOPOB HE OKa3bi-
BaeT CyIIECTBEHHOTO BIUSHUSA HA PaboTy auddepeHImaaIbHOro KacKaa.

Ha puc. 4.5 npogeMOHCTPUPOBAH JIMHeapu3yomuii sGeKT MeCTHONH 0OpaTHOI
cBst3u (0Opa3sOBAHHON TOAKIIOYEHUEM J100ABOYHBIX PE3UCTOPOB B 3MUTTEPHYIO
1enb 060UX TPAH3UCTOPORB ), KOTOPBIN UCIIOIB3YETCS /IS CIIPSMJIICHUS 3aBUCUMOCTH
(4.2).

I'pacuku Ha puc. 4.56 MOKA3BIBAIOT, KaK TajlaeT MaKCUMaJIbHOE 3HaUeHre Koahdu-
LMEHTA [lepe/ladytl IIPYU YBeJIMYeHU N COIIPOTUBJIEHUS SMUTTEPHBIX PE3UCTOPOB, HO 3aTO
3aBHCUMOCTDb CTAHOBUTCS GoJiee TIOJIOTOM, TO €CTh BeJinunHa KoadhduiineHTa mepeia-
94U OKA3bIBACTCS TMPUMEPHO TOCTOSTHHOM B GoJiee NMPOKOM JMATa30HE U3MEHEHUIT
BEJIMYMHBI BXOJHOTO CHTHAJA. XOTS PE3UCTOPHI B SMUTTEPHON eI 000MX TPaH3U-
ctopoB muddepeHInaIbHOrO Kackaia MO3BOJSAIOT YIAYUHIUTh JUHEHHOCTh BXOHOTO
YCUJTUTEJIS], HO TIIYMOBBIE XapaKTEPUCTUKHU MPU 3TOM HECKOJbKO yXyAIIaroTcs. Mbl
yoKe Buziesu', uto 00Iee 3HaYeHne Koo bUIMeHTa YCUIEHUST HA BBICOKUX YaCTOTAX
CyIIECTBEHHO 3aBUCUT OT Koadduinenta Iepesayn IepBOro Kackaja, IOITOMY
HETPYHO JIOTaJIaThCsl, YTO BBEICHUE HMUTTEPHBIX PE3UCTOPOB YMEHBIIUT TIIyOUHY
obmeit OOC.

4.6. banaHcMpoBKa BXOAHOro Kackaga

B YM3Y BaskHO 106UTHCs, YTOOBI TIEPBbBI KacKaj B OTCYTCTBUE BXOAHOTO CUTHAJA
HAXO/IUJICSI B TOYHOM PAaBHOBECUU I10 TIOCTOSTHHOMY TOKY. B JtuTeparype mo4Tu HUre
HE YITIOMUHAETCST TOT (hakT, YTO MaJeHIINiI pazbasaHC KOJIEKTOPHBIX TOKOB B PEsKIME
mokost (pabouast ToYKa TaKoro HecOaJaHCHPOBaHHOTO MU depeHInaIbHOTO KacKaa
obosHaueHa Ha prc. 4.5a 6ykBoil B) karacTpoduuecKy MOBhIIIaeT yPOBEHb BTOPOI rap-
MOHWKHU YCHUJINBAEMOTO CUTHAJA, TO €CTh pe3ko yBeanunBaet 3nadenre KHU. B touke
A, coorBercTByMOIIEH TOYHO cHajaHCHPOBaHHOMY MU(MQEPEHIIMATBHOMY KacKay,
Cpennuii HakIoH Xapakrepuctuku [ (V. ) MakcuMaseH, Mpy MaJeinem OTKJIOHEHUH
OT paBHOBecus K0ahpuIreHT nepenaun majaet. Ha puc. 4.6 nokazanbl XapaKTepUCTH-
KK HecOaJaHcHpoBaHHOTO auddepeHraibHoro yeuauresis. B Tabm. 4.1 mokasaHo

'Cm. popmyary (3.2). — Ipum. peo.
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AUDIO PRECISION DYNTHD THD+N(%) vs AMPL(dBr)
03 FEB 93 21:28:39

1
]
7
6 5 1
& 3
X_/ 2
01 — | 1
e~
0,010
-20,0 -15,0 -10,0 -5,00 0,0 5,000
dB ref-40dBu input
Puc. 4.6. 3asucumocts KO3PPUUMEHTA HENMHEMHBIX MCKOXEHMM
(8 npoueHTax) anddepeHUMansHOro ycUnuTens oT AMNAMTYAbl BXOJHO-
ro curHana (B ab otHocutensHo ypoens —40 ab no Hanpsxenuio) npu
Pa3NMUHBIX 3HAYEHWAX Pa3baANaHCA KONNEKTOPHLIX TOKOB B peXuMme
nokos
Tabnmua 4.1 (Moscrenus k puc. 4.6).
Howmep kpuBoii Crenenn pasbananca | Homep kpusoit Crenennb pasbaianca
1 0% 5 5,4%
2 0,5% 6 6,9%
3 2,2% 7 8,5%
4 3,6% 8 10%

COOTBETCTBHE MEK/Iy HOMEPAMU KPUBBIX U CTEIEHBIO Pa3baiaHca, KOTOPBIN Orpesieis-
€TCsI KaK OTHOCUTEJIBHOE OTKJIOHEHHE KOJIJIEKTOPHOTO TOKA MOKOS OIHOTO U3 TPAH3MU-
CTOPOB OT TOTO 3HAYEHUST, IPU KOTOPOM JIOCTUTAETCS paBHOBecHe [ubdepeHnaIbHO-
IO KacKajia 1o MOCTOSIHHOMY TOKY, TO €CTh TOYHOE PABEHCTBO KOJUIEKTOPHBIX TOKOB
060MX TPAH3UCTOPOB.

Kak BUHO, TIpU ypOBHE BXOAHOTO CUTHAJMA —45 AD M0 HAIPSIKEHUIO BCETO JIBYX-
IIPOIIEHTHOE YMEHbIIIEHHE KOJJIEKTOPHOTO TOKA ITOKOsI IEPBOTO TPAH3UCTOPA OTHOCH -
TEJIBHO BTOPOTO BBI3BIBAET yBelUYeHUe 0011ero KoahduimenTa HeJIMHEHHBIX MCKa-
sxenuit ot 0,10% mo 0,16%, a mpu 10-nporerTHOM pasbatance KHU yBenmmuusaercst
1o 0,55%. Pasymeercs, pasbajatc B ApPyryio CTOPoHY (yBeJUYEHUE KOJJIEKTOPHOTO
TOKa TIOKOSI TIEPBOTO TPAH3UCTOPA OTHOCUTEJIHHO BTOPOTO) TPUBOJIUT K TEM K€
MIOCJIE/ICTBUSIM.



4.7. TOKOBOE 3EPKAJIO [ g5

B+ B+ B+
R1 R1 R1
1 kOm 1kOm 1 kOm

Tr1 Tr1 Tr1

600 MKAl 600 MKAl

Tr2 Tr3 Tr2

=300 MKAl 1%300 mMkA 300 MKAl
Trd4

6) 100

Puc. 4.7. Cunxenne KHU npu npoektuposanmnmn auddepeHumansHoro
KOCKOAQ:

a) NepBOHAYANbHLIM HEYAAUHBIA NPOEKT;

6) Gonee yaauHbI NPOEKT, YACTMYHAS BANAHCUPOBKA JOCTUIHYTA Npa-
BMAbHbIM BbiGopom R2;

B) C NOMOLLBIO TOKOBOTO 3€pKANd B KOMNEKTOPHOM Lienu TPaH3UCTOPOB
BOCTUIHYTA TOYHAs BanaHcpoBka anddepeHuMansHOro Kackaga

Tenepnb cTaHOBUTCS SICHOM catoskHas 3aBrucuMocTe KHU ot conpoTuBiieHns KoJuiek-
TopHoro pesuctopa R2, npusenennas B [3]. JomnycTtuM, Mbl CIIPOEKTUPOBAIN YCHUIIH-
TeJb, TIOKA3aHHBIN Ha puC. 4.7. [IpITasgch yBemunTh 3HaUeHNE KoahuIinenTa nepea-
un ipu pazomkHyToit etae OOC, Mbl BBIGPAIT HOMUHAJ KOJJIEKTOPHOTO PE3UCTOPa
R2, pasubiii 10 KOM. YToObI KOJUIEKTOPHbBIE TOKK MOKOS 000MX TPAH3UCTOPOB ObLIN
paBHbI, HOMUHAJ pe3ucTopa R3 B3sT TOT ke camblii. Ho B pe3ysbTaTe pa3inyus xapak-
TEPUCTUK TPAH3UCTOPOB UX KOJIJIEKTOPHBIE TOKU OTJIMYAIOTCS I[IOYTH B BOCEMb pa3
(70 1 530 mxA)! Ha puc. 4.8 mokasana 3aBucumoctb KHI 0T 4acTOTHI 77151 5TOM CXEMBIL

Bonee ynaunbiM BeiGopoM sBisiercsas R2 = 2,2 kOwm (puc. 4.76), TO €CTh HOMUHAI
KOJIJIEKTOPHOTO PE3UCTOPa TIEPBOTO TPAH3UCTOPA TPUMEPHO B JiBa pasza GoJIbliie HOMU-
Hasma pesuctopa R1 B aMuUTTEpHON M€K MCTOYHMKA TOKa Ha Tpanauctope 1ri,
B pe3yJIbTaTe U Ha SMUTTEPE, 1 Ha KOJIJIEKTOPHOM PE3UCTOPeE MaJIeHUs HAIIPSIKEeHNsI IIPU-
MEPHO paBHbI U cocTaBiisioT okojio 0,6 B. B pesynbrate Besmunna KHU (cm. puc. 4.8)
3aMETHO CHU3UJIACH, KOJIJIEKTOPHBIE TOKU TIOKOsT 0O00UX TPAH3UCTOPOB TIOYTH CPABHI-
JIUCh U cOcTaBAAIOT 0K0J0 300 MKA.

4.7. TokoBoe 3epKano

XoTs BXonHO#M AudPepeHInanbHbil Kacka MOXKeT ObITh TPUOIU3UTENbHO cOamaH-
CUPOBaH MyTeM MPaBUJIBHOTO BhIGOpa HOMUHAJIOB pearcTopoB R1 1 R2, ator crmocob
6AIAHCUPOBKHU HE MO3BOJISIET YYECTh HEKOTOPBIX (DAKTOPOB, OKA3BIBAIOIIUX BJIUSHUE
Ha TI0JI0’KeHNe TOYKY paBHOBecus. Ha puc. 4.6 mokasaHo, HACKOJIBKO BaskKHA TOYHAS
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AUDIO PRECISION APLASISS THD+N(%) vs FREQ(Hz) 27 APR 93 18:20:57
0,1
a
i
Ck=15n
0,010 K pn A
D]
% | _H
C
0,001 —— ToKOBOE 3epKaJl

0,0005
20Ty 100 'y 1 klMy 10kMy 20 kly

Puc. 4.8. 3asucumoctb obLiero ko3adbPUUMEHTA HENMHEMHBIX MCKaXE-
Hu1 (%) ot wactotel (Mu) ans AMddepeHuManbHLIX KACKAAOB, cXema
KOTOpPbIX MOKA3aHA HA pHC. 4.7:

a) R2=10,0 kOm; b) R2 = 2,2 kOwm; c) TokoBoe 3epkano

GamancupoBka AubdepeHInarbHOT0 Kackama: TPebYeTcss TOYHOCTh COBMALEHUS
KOJIJIEKTOPHBIX TOKOB Jiyuliie 1%, 4T06bI 06ecednTs JOCTATOYHYIO JIUHEHHOCTD U,
KakK cJe/lCcTBUe, HU3Koe 3HayeHue KoadduiinenTa rapMOHUK Ha BBICOKUX YaCTOTaX,
rIe Kackaza pabotaer B Hanbosee TsukemoM peskuMe. CTaHIapTHOE TOKOBOE 3€PKATO
(puc. 4.78) 103BOJIET YPaBHATD KOJJIEKTOPHBIE TOKU JIOCTATOYHO TOYHO, TEM CAMBIM B
HarOOJIBIIEN CTEIIEHN TTO[ABUB BTOPYIO TAPMOHWKY YCUJIMBAEMOTO CUTHAIA (HUKHSIS
KpuBasg Ha puc. 4.8).

Kpome Toro, 6siarogapst pas/IMuHbIM 3HAUYEHUSIM TOKOB, TEKYIIMX BO BXOIAHOU IEMH
U yepe3 Pe3ucTop 06paTHOil cBs3H, AudPepeHInATbHbII KaCKa/] C TOKOBBIM 3€PKAJIOM
TpebyeT MeHbIlee HATPSKEHNE CMETeHus (KaK 4acTo 3aMedas aBTOp, MPAKTHYeCKH
Jioboe yaydilieHne CXeMbl YCUJIMTENBHOTO Kackaga [aeT, 10 KpaliHell mepe, aBa
BbIMTPBIIA). Mcnonb3yemoe 371ech IpOCTOe TOKOBOE 3€PKAJI0 UMEeT XOPOIIO Mpe/icKa-
3yeMyIo OIMMOKY 3HAYeH s Ga30BOTO TOKA, OMHAKO BEJMUMHA STOW OTTHOKH He TaK YK
BeJIMKA U He yXy/IIaeT 3HaueHrne KoahuiimeHTa HeTMHEHHBIX NCKAKEHUT.

s nuddepenninanbHOro Kackazia ¢ TOKOBBIM 3epPKajIOM COXpaHseTcs 3aKOH TUllep-
GOJIMYECKOTO TAHTEHCA JIJIST BBIXOJHOU XapaKTEPUCTUKH, XOTsI Pa3MaX BBIXO[HOTO TOKA
B /[Ba pasa GOJIbIIE, YeM JIJIsT KacKa/la C PE3UCTUBHOM HATPY3KOH (TPU TOM Ke pa3Mmaxe
BXOZHOTO HATIPSKEHUS ).

[IByKpaTHOE yBeJrueHne aMILTUTYIbl BBIXOAHOTO TOKA y Kacka/ia C TOKOBBIM 3epKa-
JIOM JIOCTUTAETCS TIPU TOM K€ CaMOM 3HaueHUHU KOa(DUITMeHTa HeTMHEWHBIX NCKaXKe-
HUL, uTO 1 y [uddepeHnnaibHOro Kackaia ¢ pe3uCTUBHOM HArPY3KOH, TaK KaK JIMHE-
HOCTb YCUJIMTEJIS 3aBUCUT OT BXOJHOTO HAIPsKEHMs, a OHO B JJaHHOM Cjy4ae He
usMmensietcsi. C Ipyroil CTOPOHBI, MBI MOJKEM CHU3UTD B /IBA Pa3a aMILIUTYY BXOIHOTO
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HAIPSIKEHUS, YTOOBI IOOUTHCS OT XOPOIIO cOHATAHCUPOBAHHOTO M(hepeHITHaTLHOTO
KacKa/la YeThIPEXKPATHOTO CHUXKEHWS Koa(dhUIlneHTa HeJNMHENHBIX UCKAKEHWH TIpn
TOM K€ YPOBHE BBIXOZHOTO ToKa. [IpusaTHbIil pe3ysbTar.

ToxoBoe 3epKajio B HEMHTETPAIHLHOM WCTIOJHEHUN HA TUCKPETHBIX TPAH3UCTOPAX,
UMEIONNX pa3bpoc 3HadeHWiT 6a3a-9MUTTEPHBIX HATIPSAKEHUHN, OOECIIeUunBaeT TpHe-
MJIeMOe [TIOBTOpeHMe TOKa TOJIbKO IIPU UCII0JIb30BaHNN JIOIIOJIHUTE/IbHBIX 9MUTTEPHBIX
PE3UCTOPOB, INajeHKe HalpsAKeHUs Ha KOTOPLIX AOJEKHO ObiTh mopsiaka 30—60 mB.
Ecnu uckI0YnTb U3 CXEMBbl 3MUTTEPHbIE PE3UCTOPBI, TO 3HaYeHUe KoadduimeHTa
HEJTMHEWHBIX NCKaKEHU HAa BBICOKUX YaCTOTAX MOXKET 3aMETHO OTJINYAThCS [IJIST Pas-
JIMYHBIX TPAH3UCTOPOB OJTHOTO U TOTO K€ THTIA.

Vcrob30BaHue TOKOBOTO 3epKajia IPU XOpoIio cOajaHCUpOBaHHOM uddepeH-
UAJIBHOM YCUJIUTeNe yBeanunBaeT KoaghduimenT ycuieHus (Ipu pa3oMKHYTON
nere OC), o kpaiite Mepe, Ha 6 1b. Ecim kackaz GbLI 10 9TOrO IJI0X0 cOAIAHCUPO-
BaH, TO BBIUTPHINI B ycuyieHun gocturaet 15 1B. D10 He06X0IMMO UMETh B BU/Y TIPU
BBIIIOJIHEHUY KOMIIEHCAIIUN YCUITUTEIS.

JlpyToii BBIMTPHITI OT WCIOJIB30BAHMS TOKOBOTO 3€pKajia 3aKJII0YAETCS B TOM, UTO
MaKCHUMaJIbHAS CKOPOCTh HApacTaHUs BBIXOJHOTO HAIPSKEHUS TOYTH Y/[BAaUBAETCS
6Jaroapsi TOMy, 4TO TETEPDh TOK, KOTOPBIN IOJKEH OTBETBIAATHCSA B Ga3a-KOJIEKTOP-
HBIH KOHIEHCATOP, HE TACUTCS KOJIIIEKTOPHBIM pe3ucTopoM. [Ipu eMKrocTH KOHZIEHCATO-
pa 100 1@ makcuManbHasi CKOPOCTh M3MEHEHUST BBIXOJHOTO HATIPSIKEHUS JIJIST CXEMBI,
MOKa3aHHON Ha puc. 4.70, cocTaBJsieT NPUOJMBUTEBHO TuToc/MuHyc 2,8 B/MKe, B TO
BpEMsI KaK cxeMa, n300paskeHHast Ha puc. 4.78, naet 5,6 B/mkc. [luis HecbamancupoBan-
HOTO MU hePEHITNATBHOTO YCUTUTEJS Ha PUC. 4.7a 3HAUEHNE 3TOTO MTapaMeTpa BCEro
0,7 B/mKc nipu Bo3pactanuu 1 5 B/MKe npu yObIBaHIY BBIXOHOTO HAIIPSIKEHUSL.

4.8. Yny4weHue NIMHENHOCTU BXOAHOI0 Kackaaa

Jlaxe ecsin Bo BXxoaHOM auddepeHIinaabHOM KacKajle MPUMEHEHO TOKOBOE 3epKalio,
KO3 GUIIMEHT HEJWHENHBIX MCKAKEHWH Ha BBICOKUX YaCTOTAaX BCE €Ile OCTAeTCs
JOCTATOYHO BBICOKUM. B KOHIIE KOHIIOB, pa3 Bce paBHO He 136eKaTh MOBIIIEHU KO (]-
¢uireHTa HeJIMHEWHBIX UCKAXKEHUI B BOCEMb Pa3 IIPU KaXJOM Y/IBOEHUU YACTOTHI, TO
CTOUT XOTsI ObI IIONBITATHCSA OTOABUHYTh BEPXHIOK IPAHMILY YACTOTHOIO [AHMAIa30Ha.
Kak wmbr yxe Bugenn, kospdunuent nepegaun g andepeHnmratbHoro Kackaa
IOBBINIAETCS ¢ YBeIMYeHeM 00IIero TOKa SMUTTEPOB 000uX TpaHsuctopos. Cirenosa-
TeJIbHO, MOKHO YBEJIMYUTD STOT TOK, TEM CaMbIM IOBbICHB 3HadeHue g (Ipu pasoM-
kayToit metse OOC), a 3aTeM MOHW3UTH €TO /10 TPEKHET0 3HAYEHUS C MTOMOIIBIO
MectHOU OOC, BBITIOJHEHHON B BHJE JIOTIOJHUTEJBHBIX PE3UCTOPOB B IMUTTEPHOMN
1enu 000UX TPAH3UCTOPOB (MHAYE MPUIILIOCH ObI TIPOIOPITUOHATBHO YBETMIUTD BEJIH-
YMHY eMKOCTU KOMIIEHCHPYIOLIEr0 KOHIEHCATOpa AJIs COXPAaHEeHU TPAHKL CTaGUJIb-
HOM paboThI HA TOM K€ YPOBHE).

Ora mpocTast yJI0BKA MPUBOAUT K 3HAYUTENBHOMY YIYUIIEHUIO JTUHEHHOCTH (XOTSI
HOBUYKY MOJKET ITOKA3aThCsl, YTO MBI ITPOCTO TIOTONTAJUCH HA OJTHOM M TOM K€ MECTE).
JlocTUrHYTBII pe3y/ibTaT cTaHeT OoJiee MOHSATEH, €CJU BCIIOMHUTH, YTO BHYTPEHHEe
COTIPOTHUBJIEHUE SMUTTEPHOTO MEPEX0/a UMEET HETMHEHHBIX XapakTep U K TOMY JKe
YMEHBITAETCS TPU YBEJIMUEHUNU HMUTTEPHOTO TOKA. [IOBBICHB BeTMUMHY TOKA, MBI
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a) UcxopHbin puddepeHupansHbid yeunurens  6) C noctosiHHbIM KO3 dULMEHTOM Nepesaym g.

Puc. 4.9. Ymenbwenne koappuUMEHTa HENMHEMHBIX UCKAXKEHWH and-
depeHUManbHOro KACKAAA B AECsTb PA3 JOCTUTHYTO ABYKPATHBIM YBENM-
YEeHMeM TOKA MOKOS U MCMOMb3OBAHMEM PE3MCTOPOB (MrpalowwmMx ponb
mectHor OOC) B aMUTTEpHOM LenK 06OUX TPAH3UCTOPOB

YMEHBIIUIN BEJTUYUHY ITOTO HEJWHEHHOTO CONMPOTUBJIEHNUS, a BKIIOYUB MOCIE0BA-
TeJTHHO C HUM JIOTIOJTHUTEJbHbIE PE3UCTOPBI, Mbl YMEHBIIWJIN BJAUSHUE HEJTMHEIHOCTH.

Kax usBecTHO, TPUOIKEHHO BETHYNHY BHYTPEHHETO COMPOTHUBIECHUST IMUTTEPHO-
TO TIepexo/ia TPAH3UCTOPA MOKHO BBIYUCTUTH 10 (hopmyJie

r,=25muB /I, (4.3)

(COTIPOTHBIIEHNE TTOMYYAETCS B OMAaX, €CJIM TOK BBIPAKAETCS B MUJLTNAMIIEPax).

B wameit ucxomHo#t cxeme auddepeHIInaNbHOTO YCUTUTENS, MOKA3aHHOM Ha
puc. 4.9a, Ipu KOJUIEKTOPHOM TOKe 000UX TPaH3UCTOPOB, paBHoM 600 MKA, Koaddu-
ueHT nepefaun g = 23 MA/B, a BeJlMunHa BHYTPEHHETO CONPOTHB/IEHUA SMUTTED-
HOTO Ilepexo/ia KaJ0ro Tpansucropa r, = 41,6 Om. Ha puc. 4.96 nokasana mopudu-
[IUPOBaHHAsT CXEMA, T/l KOJIJIEKTOPHBII TOK KaKIOTO TPAH3UCTOPA BHIGPAH PABHBIM
1,35 MA, B pesy/bTaTe BeJMuMHa I, cHU3MAach 10 18,6 OM, HO KONOIHUTETHHO
YCTaHOBJIEHBI PE3UCTOPHI conporuBiacHueM 22 OM, B pesybTare o6Iiee COMpoOTHB-
JIeHe HMUTTEPHON IeNN KayKIO0ro TPAH3UCTOPAa OCTAJOCh HA MPEKHEM ypPOBHE':
18,6 + 22 = 41,6 Om.

[Tpu ypoBHe BxomHOTO cuTHama —40 1B (110 HaMpsKeHUT0) 3HaYeHue KoaduiireH-
Ta HEJUHEWHbIX HCKAKEHUI B DPe3ysibTaTe TAKOTO M3MEHEHMSI CXeMbl CHU3WJIOCH
¢ 0,32% 1o 0,032%. [lecsiTukpaTHOE MOBBINIEHUE TUHEHHOCTH JOCTUTHYTO BCETO JIUIIIDb
IJIsL OJTHOTO BXOAHOTO Kackaga YM3U — obiiee 3HaueHue koo buIeHTa HeJmHed-
HBIX MCKQKEHWIT BCETO YCHJIUTEJISI CHU3UJIOCH IIPUMEPHO B IISATh Pa3, UTO TOXKE He TaK
vk T0x0. Tak Kak Mbl He Hapymman cOGalaHCUPOBAHHOCTH BXOIHOTO Au(depeH-
[MAJIBHOTO KACKajla, UCKAKEHWs IMO-TIPEKHEMY OMPEeNSIOTCS TJIABHBIM 00pa3om
aMITATYIOH TpeThel TapMOHUKY YCUINBAEMOTO CUTHAJA.

'3/1ecb aBTOP HECKOJIBKO TPEIIUT MPOTUB apU(MMETHKH, HO MCTHHA HE CJUIIKOM ITOCTPAJANa —
BC€ PacyeThl HOCSIT JIMIIb IPUKUIOYHbII Xapakrep. — [Ipum. peo.
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flcHO, 9TO B TOMBITKAX MAKCHMATBHOTO TIOBBIIIIEHUS JIMTHEHHOCTH ANMhepeHITnaNb-
HOTO KacKajla yBEJUYUBATH TOK MOKOST 10 GECKOHEYHOCTH HE MOJIYYUTCST: OUE€BUIHBIN
TIpeies1 OIPelesIIeTCsT XapPAKTEPUCTUKAMU CAMUX TPAH3UCTOPOB.

ABTOpPY HEM3BECTHO KaKoe-TMO0 HazBaHKE OTMIMCAHHOTO METO/Ia YIIyUIleHUsT JIMHEH-
Hoctn nuddepeHimanbHOro yeuauTens. MOXHO TPEJIOKUTh TEPMUH <«MeCTHAs
smutTepHas OOC»'.

3aMeTUM, YTO MbI OISATH YOUJIH CPa3y JABYX 3allleB: TIPU ABYKPATHOM YBEJUUYEHUN
TOKA TIOKOsI TPAH3MCTOPOB TAKKe IPUMEPHO B JIBA Pa3a YBEJINIMBAETCSI MAKCUMAIbHAS
CKOPOCTh U3MEHEHUS BBIXO/THOTO HANPsiKeHus (Teopetudecku co 3Hauenus 10 B/mkc
1o 20 B/mxkc).

4.9. PagukanbHble MeToAbl yNy4LleHUs IMHEMHOCTM BXOAHOro Kackaaa

CymiecTByeT HECKOJIBKO METOZOB JATbHEHINETo YJIydIleHNsT JUHEHHOCTH BXOIHOTO
kackaza YM3U. Bcerga, korga paspa0oTYMK KeJIaeT YIydYIIUTh JUHEHHOCTU 3JIEK-
TPOHHOM CXEMBI, OH JIOJIKEH CHAYa/Ia MbITaThCs MOBBICUTD IIyOMHY MECTHBIX KOHTYPOB
OTPUIIATEBHON OOPATHON CBSI3M, TTOCKOJbKY W3MEHEHMs, CBS3aHHbIE C MECTHBIMU
OOC, peko BIUSOT Ha cTabuabHOCTH 001iero koutypa OOC.

Bo-n1epBbIxX, MOKHO cliesiaTh BXOAHBIE TPAH3UCTOPBI cocTaBHBIMU (110 cxeMe [1Inkman
C KOMILJIEMEHTAPHBIMY TPAH3UCTOPAMU ), KaK MTOKa3aHo Ha puc. 4.10a.

B+
o
220 Om| [150 Om
B+ Tr1
l27wA [|4ma
22 0m 22 0Om
Tr2_J180m 18 omJ13
+ +
Tr6, Tr7
Tr3 Tr4 . Tr5
G
CMeLLleHl/Ie CMeLLLeHVIe
-5B -5B
100 Om 100 Om|
B- B-

8)
Puc. 4.10. Metogbl ynyuweHus nuHeMHOCTH AuddepeHLManbHOro
Kackaaa:

a) coctaBHble TPaAH3UCTOPbI; 6) NepekpecTHoe BKIIOYEHHE HYeTbipex
TPOH3UCTOPOB; B) KACKOAHO-KOMMNEMEHTOPHAS CXEMa

B opuruHase «constant-gm degeneration». — IIpum. nepes.
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Ecmu ucnosb3oBath TecToBylo cxemy st uaMepenuss KHU, mokasannyio Ha
puc. 4.4, To nuddepeHInaTbHbIN YCUIUTEIbHBIN KAcKaJl ¢ MECTHONH IMUTTEPHOU
OOC (cMm. puc. 4.96) npu yposre BxogHoro curhana —30 g1b (1o HanpsxKeHUIo)
nmeet 3Hauenne KHU, pasroe 0,35% u onpemessiorieecs TJIaBHBIM 00pa3soM YPOB-
HEM TPeThell TApMOHUKHN YCUJINBAEMOT0O CUTHAJIA, B TO BPEMsI KaK CXeMa, ITOKa3aHHast
Ha puc. 4.10a, mosBossier causuth 3Havenne KHU mo 0,045%. I1pu ncnosb3oBanun
3TOTO KaCKa/la COBMECTHO € OCTAJIbHBIMU B cocTaBe Y M3Y ypoBeHb TpeTheil TapMo-
HUKHU YAQJI0Ch CHU3UTD IPUMEPHO B JiBa pa3a (IIPU YCJIOBUM, YTO OCTAIbHBIE UCTOY-
HUKHM HeJIMHEHHBIX UCKa)KeHUN TIaTeJibHO MUHUMU3upoBanel). Ha puc. 4.11 noxka-
3aHa moJiydeHHast 3aBucumocTh 3HaueHuss KHUW ot wactorsr. Kak BumHo, &
CO’KJIEHUTO, BEPXHIOIO TPAHUILY [MANa30Ha, B MPe/leJiaXx KOTOPOTO COXPAHSETCS HU3-
Koe 3HaueHre Koa(huiineHTa HeTMHEHHBIX NCKaKEHNH, YAATOCh OTOABUHYTh MEHee
YeM Ha TI0JI-OKTaBbl BBEPX.

C nomompio pesucropa R, B cxeme, nmokaszannoii Ha puc. 4.10a, MOXKHO perympo-
BaTh, KaKas 4acTh OOIIET0 TOKA OTBETBJIAETCS B TPAH3UCTOP TUIA P-N-p ¥ n-p-n. Ilpu
VBEJWYEHUHW CONPOTUBJIEHUS] ATOTO PE3NCTOPA JUHEWHOCTH Au(depeHInagsbHOTO
KacKa/la yJIydIiaeTcsl, HO TaKyKe MOBBINIAETCS YPOBEHb BHYTPEHHUX IIYMOB, TaK Kak
CHUZKAeTCsl TOK, IIPU KOTOPOM paboraeT BXOAHOW Tpausuctop. Beamumna 2,2 kOm
SIBJIAETCS XOPOIIUM KOMIIPOMUCCOM MEXAY CTPEMJICHWEM TIOBLICUTH JIMHEWHOCTD
KaCKaJla U JKeJJAaHUEM CHU3UTH YPOBEHbD IITYMOB.

AUDIO PRECISION thd THD+N(%) vs FREQ(Hz) 27 APR 93 18:50:27
0,1 T

0,010 7

YpoBeHb | __—
yma

0,001

0.0005
20y 100 'y 1kl 10 kly 100 Iy 200 KTy

Puc. 4.11. 3Hauenne koadprumeHTa HenmHenHbIX Mckakenun YM3Y
6e3 MCNONb3OBAHUSA COCTABHBIX TPAH3UCTOPOB BO BXOAHOM AnddepeH-
umansHoM kackage (kpueas 1) M ¢ UCNONb3OBAHUEM COCTABHBIX TPAH3M-
CTOpOB N0 cxeMe, nokasaHHoM Ha puc. 4.10a (kpusas 2). Ynyuwenne
nunernoctn YM3Y 3ameTHo tonbko ebiwe yactotsl 20 k(. BepxHss rpa-
HULA 4GCTOTHOTO AMANA30HA C Hu3knM 3Havennem KHU casuHyTa BO
sTopom cnyyae Ha 500 kly Beepx




4.10. KACKOA BO BXOAHOM AUDDEPEHLUNAJIbBHOM KACKAZE YM34 [7101

Bo3MokHBI Takske U APYTHe METOMBI YIYUNIEHUS JUHEHHOCTH BXOAHOTO KacKaja
YM3Y, koTopblie He CAMNIKOM U3BECTHBI cpean paspaborunkos. Ha puc. 4.106 nokasa-
Ha nepekpectHast [5], a Ha puc. 4.10B — KacKogHO-KOMILIeMeHTapHast cxema [6] aud-
(epentmanproro ycusurens. Ciaefayer UMeTh B BUJLY, YTO TIPU YCIOXKHEHWH CXEMBI
BXOJ/IHOTO KacKaJla CTOUMOCTb Bcero ¥ M3Y yBenmuuBaeTcsi He3HAUUTEJbHO, TAK KaK
CTOMMOCTHh KOMIIOHEHTOB, HCIOJB3YEMBIX B MaJIOCUTHATBHBIX KAaCKagax IIperBapH-
TEJTHHOTO YCUJICHWSI, HUIYTOKHA TIO0 CPaBHEHWIO CO CTOMMOCTBIO TPaHC(hOPMATOPOB,
TETJIOOTBO/IOB U IPYTUX KOMIIOHEHTOB OKOHEUHBIX KaCKAJIOB.

ITepekpecTrast cxema (cM. puc. 4.106) cama 1o cebe obraaet Jyuiieil JHHEHHOCTHIO,
dyeM OOBIYHBIN G hepeHIUATBHBII KACKA/] ¢ TOKOBBIM 3¢PKAJIOM, HO OHA MJIOX0 COBME-
CTUMA C TocJieiyfonmummMu kackagamu Y M3Y u3-3a cBOETO HU3KOTO BBIXOIHOTO COTIPO-
TUBJIeHus. B 9Toii cxeMe BXO/HOE HAIPSDKEHUE PA3ZENSIeTcs] MEXIY AByMs ILIedaMu,
B K&JKIIOM U3 KOTOPBIX MOCTE0BATETHHO COSNHEHBI /IBa Ga3a-9MUTTEPHBIX TIEPEXO/IA.
Teoperuueckn ommbKa 13-3a HeJTMHEITHOCTH KakI0TO I, IOJIKHA B 9TOM ciydae ObITh
B B pas menbie (e f — 210 KoahpuIMeHT repesaun Toka 6a3bl B CXeMe € OOIIIM IMUT-
TEPOM), HO Ha MIPAKTUKE YIyUIIeHNE OKA3bIBAETCS HE TAKUM 3HAUUTETTHHBIM.

Kackognas cxema (cm. puc. 4.10B) GoJiee cioxHast, HO M30aBJeHa OT HEJOCTaTKOB
OpeIbIAyIed, Tak Kak ee paboTa He CBA3aHA C HCIOJBb30BAHMEM OTPUIATENHHDBIX
COTMPOTUBJIEHMIT. BXOIHOE HATIPSTZKEHNE, KaK U PaHbIIle, MOAAETCS Ha Gasbl TPAH3UCTO-
pos Tr2 u Tr3, HarpysKoii st HUX CJIy»KaT TpaHsucTopbl Tr4 u Tr5, Kak U B 00BIYHOI
KacKOIHOI cxeMe (camo 110 cebe 3TO MOKAa HMKAK HE CKA3blBAETCSl HA JIMHEHHOCTH
kackazna). Tak kak Tpansuctopsl Tr2 u Tr4 B 1eBoM 1ieve audbepeHImanTbHOTO KacK-
Ia, a Takke TpaHsucTopbl Tr3 u Tr5 B mpaBoM Ijiede pabOTAlOT MPAKTUYECKH TIPU
OJIHOM M TOM K€ KOJUIEKTOPHOM TOKE, TO WX (a3a-dMUTTEPHbIE HAIPAKEHUS MOUTH
paBHBL. Pa3HOCTh 3TUX HANPSIKEHUN SBISIETCS BXOXHBIM CUTHAJIOM Ui nuddepen-
[UAJIBHOTO yCUIUTENs Ha Tpan3uctopax Tr6 u Tr7, BIXOHOI TOK KOTOPOTO CKJIa/[bl-
BaeTCst ¢ OOIUM TOKOM, 4TOOBI TIOJIABUTH PACCOTJIacoBanue Ga3a-sMUTTEPHBIX HATIPSI-
xkeunit. Ilpu ypoBHe BxoaHoro curHama —30 ab mTo HampssKeHWIO 3HAaYeHUE
Koa(dunrenTa HETMHENHBIX NCKasKeHn yaaeTcst cHuauth 10 0,016%. K coskanenuto,
06wt adpdexr B cumxennn KHU aua YM3Y B 11€/10M 1IPY 9TOM HE CAUIIKOM BEJIUK
(kak 3T0 6BLIO U B GoJiee TPOCTON CXeMe C COCTAaBHBIMU TPAH3UCTOPAMH ), TAK KaK TIPH
MOJIKITIOYEHUY BXOTHOTO AP DEPEHITNATBHOTO YCHIUTEIS K MOCTEAYIONNM KacKaaam
BCTYTIAIOT B JIEWCTBUE IPYTUE UCTOUHUKY HEJUHEHHBIX NCKAKEHU, OIUH 13 KOTOPBIX
3aKJTI0YAETCS B TOM, UTO KACKAJl YCUJIUTEJIST HATIPSDKEHMS OTPAHNYEH B CBOE BO3MOJK-
HOCTH SIBJISITHCSI HCTOYHUKOM TOKA JIJIsl KOMITEHCUPYOIIEro 6a3a-KOoJJIEKTOPHOTO KOH-
JleHcaTopa.

4.10. Kackop, Bo BxogHOM auddepeHumnanbHoMm kackage YM3Y

WNnorpa B kKavecTse 1mied BXOHOTO AN hepeHITnaIbHOTO KacKajia UCTIOIb3yeTCs CTaH-
JlapTHasl KacKOJIHasl cXeMa BKJIIOYeHUs TPaH3UCTOPOB. B nuane ysrydnieHus JuHelHO-
CTH 3TO HE JaeT HUKAKOTO IPEMMYIIECTBa, TaK KaK aMILJINTY/la BXOJHOTO CUTHAJIA
B KaCKajlaxX TPeIBAPUTEIHHOTO YCUIEHHsI HeBeiKa. [[pyroe /1e10, 9To TaKuM 00pa3oM
yAaeTCcs CHU3UTD HAIIPSKeHNe MeXK/y KOJJIeKTOPOM U SMUTTEPOM BXOJHBIX TPaH3!1-
cTOpOB. B pesysbrare cHUKAeTCs paccemBaeMasi Ha HUX MONIHOCTb. Kpome ToroO,
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KOJIVIEKTOpHAasA €EMKOCTb BXOJIHOTO TPAaH3UCTOPa M30JUPYETCA OT BXOJa CJIEAYIOUIETO
KaCKa/Jla — YCHUJUTEJIA HaIIPAKEHUA, MMOITOMY IOABJIACTCA BO3MOKHOCTH CHU3UTDH
€MKOCTb KOMIICHCUDPYIOMIET0 KOHAEHCAaTOpa PN COXPAaHEHUUN TEX K€ I'PaHUI] cTabuiib-
HOM pa6OTbI, HO 110JIb3a OT 9TOTO HE TaK YK BEJIMKA.

4.11. CH/MXKeHune ypOoBHSA LLYMOB BXOAHOro Kackaaa

[ITymoBbie xapakTtepuctuku YM3U B 11e710M ONpeesssioTcsl B OCHOBHOM YPOBHEM
mryMa Bo BXoAHOM Kackaze. Kak mpasuio, YM3U nmetor GoJbioe 3tHaderme Koabhhu-
[[MEHTA YCUJIEHUS TI0 HAIIPSDKEHUIO, TI03TOMY €CJIH Pa3paboTYnK He TIPEATPUMET J0J-
JKHBIX M€p 0 CHIDKEHUIO YPOBHS IMYMOB, T€HEPUPYEMBIX BXOIHBIM KacKaZoM, TO
B pe3yJIbTaTe PUCKYET MOJTYYUTh HE CIUINKOM MPUSATHOE IMTUTIEHUE U3 TUHAMUKOB [3].
3/1eCcb Mbl PACCMOTPHUM cXeMY, UMeoTyo ypoBenb myma —120 b (1o Hanpsikeruio),
4yTO Bcero Ha 7 Wi 8 1B Xy:ke, 4eM y MUKPO(OHHOTO TIPELYCUTUTEJS TIEPBOTO KJIac-
€a — ¥ TO TOJIbKO M3-3a TOTO, YTO JIAHHON CXeMe TIPUXOAUTCS PAbOTaTh OT UCTOUHUKA
CHUTHANA, BHYTPEHHEeE COMPOTUBIEHNE KOTOPOTO HECKOJIBKO GOJTBIITE, YeM OOBITHOE JIJTIsT
Mukpodonnoro npexycuautess suaderre (150 Om). Kak mokasbiBaioT akciepumMen-
TBI, YMEHBIIIEHNE COTIPOTUBJIEHNI Pe3uCcTOpoB B Tenu orputartesnbHoil OC B 1Ba pasa
(110 cpaBHeHUIO ¢ 0ObYHBIMU 3HaueHUAMHU 22 KOM 1 1 KOM) IPUBOJNUT K CHUKEHUTO
ypoBHs TiryMa jio 2 1b.

YpoBeHb TTyMa YCUJIUTENBHOTO KacKala OTMPEAEISIeTCsS BXOAHBIM YCUIUTETbHBIM
3JIEMEHTOM U TOJIKJIIOYEHHBIMU K HEMY COIIPOTUBJIEHUSAMU. B cBOIO ouepeib, ycaoBus
PaBOTHI BXOAHBIX TPAH3UCTOPOB OTIPEAETSIOTCS U3 COOOPAKEHUH JTyUIIiel TMHEHHOCTH
¥ MAaKCUMAJIbHOTO 3HAYEHUST CKOPOCTH U3MEHEHUS BBIXOJTHOTO CUTHAJA, TIO9TOMY pas-
paboTUHK 371ech GYKBAJIBHO CBsA3aH 110 pykaM 1 Horam. K cuacTbio, 06bI9HO KOJLITEKTOP-
HbIE TOKU TPAH3UCTOPOB OKA3BIBAOTCS GJU3KH K ONTUMAJIBHOMY 3HAYEHHIO, TIPH KOTO-
POM YpOBEHb IIYMOB HE€ CJUIIKOM BBICOK IPHU YCJIOBUM HU3KOTO 3HAUYEHUS
BHYTPEHHETO COTPOTHBJIEHUS MCTOYHUKA BXOIHOTO CUTHaJa (TIOPSIIKA HECKOJbKUX
COTEH OM), YTO OOBIYHO HE CJUIIKOM TPYAHO OOECIIEYUTh. Y POBEHD IIYMOB HEMHOTO
3aBUCUT OT BEJMYMHBI KOJUIEKTOPHOTO TOKA TPAH3UCTOPA, TIOITOMY HEOGOJBIITHE KOJIe-
GaHMsI TTOCJEIHETO HE CIUIMKOM-TO BJIUSIOT HA MIYMOBBIE XaPaKTEPUCTHKHU KAaCKa/Ia.
Kpome Toro, pa3paGoTuuK MOKeT CBOOOIHO BBIGUPATH TUI BXOJHBIX TPAH3UCTOPORB:
00BIYHO XOPOIIUE PE3YIIbTATHI TOJYYAIOTCST, €CITU UCTIONB3YEMOE ISl TUTAHUsT BXOIHO-
rO KacKa/[a HATIPSKEHUe He CJAUIITKOM BbIcOKO. Ho cHauaa HeoOX0IUMO OleHUTh 3Ha-
YeHVe BHYTPEHHETO COMTPOTUBIIEHNUS TOTO YCTPOHCTBA, KOTOPOE GYIET SIBISATHCS NCTOY-
HUKOM CUTHAJIA JIJIST Pa3padaThiBAEMOTO YCUIIATEIS.

Ha Bxoze ycuinTesnst Bcersia UMEIOTCST TACCUBHBIE CONPOTUBIIEHUS, SIBJISTIONINECS
HUCTOYHWKOM TEIIOBBIX IIYMOB, TI03TOMY €IMHCTBEHHBIN CTOCOO YMEHBIITUTD UX YPO-
BeHb — CHU3UTh BEJIUYMHY JAaHHBIX corpoTuBienuii. Ha puc. 4.12 ato pesucropst R2,
R3 (urpatomnmme poas mectHot OOC), a Takke R9 (onpezpenstonuii BBIXOIHON UMIIe-
nanc koutypa OOC). Kpome Toro, cienyer IpuHATh BO BHUMaHUE U MeHee OYeBUIHbIE
KOMIIOHEHTBI, TAKHE KaK IITYMOBbIE XapaKTePUCTHKH MTPeLyCHINTeNs, HanpuMep. /laxke
€CJI OH TeHEPUPYET HUUTOKHO CJTa0bIil IITyM, BCE PABHO €T0 BHIXOIHOE COTIPOTUBIICHIE
SIBJISIETCS UICTOYHUKOM TETIOBOTO Iryma. [lonycTiM, Ha BBIXOJIE ITPEAYCHIUTES yCTa-
HOBJIEH TOTEHIIMOMETD JIJISi PETYJIUPOBAHUS TPOMKOCTH COINPOTUBJIECHUEM, CKAKEM,
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Puc. 4.12, BxogHol ycunnTenbHbii KACKAA € HU3KUM YPOBHEM LIYMOB

O B-

20 kO™ (caMm 10 cebe 3TOT BapUaHT HE CJMIIKOM XOPOII, HAPUMED, XOTsI OBl TIOTOMY
4TO 3aTyXaHUE CUTHAJIA HA BBICOKUX YaCTOTaX OY/IET B 9TOM CJIydae 3aBUCETD OT JJIUHBI
COEIMHUTENBHOTO Kabesist, HO 3TO ysKe Apyrast uctopus [5]), Toraa BHIXOAHOE COTPO-
TUBJIEHHE TIPEILYCUIIUTEIIS COCTABUT 110 KpaiiHell Mepe 5 KOM, 4TO MOYTH HaBEepPHSIKA
BbI30BET YPOBEHb IlyMa OOJIbIINI, YeM BO BCeX OCTaJbHBIX KOMIIOHeHTax YM3Y.
OO6uiHO, HO ¢ TEMJIOBBIMU IIyMaMK Pa3pabOTYMK HUYETO HE MOKET MOAETaTh. eIUH-
CTBEHHOE, YTO OCTAETCSI — ITO MOTBITATHCSI YMEHBIITUTD BCE COIPOTUBJIEHUST /10 MITHH-
MAaJIbHBIX 3HAYEHNT.

[ITymbl, reHepupyembie B pesuctopax R2 u R3, asisiorcss cBoeoOpasHOi miaToii 3a
NOCTUTHYTOE C UX TOMOIIBIO YIIydIlleHue JMHEHNHOCTH YCUIUTeTbHOTO Kackaaa. Homu-
HAJIbI 9TUX PE3UCTOPOB HEe MOTYT OBITh ITPOCTO TAK YMEHBIIIEHBI, BEIb OHU OIIPEAEISIOT
ryOGUHY MECTHOHN OTPUIATEbHON 0OPATHO CBSI3H, KPOME TOTO, B TPOTHUBHOM CJTydae
MPUIILTOCH OBI TIPOTIOPTIHOHATBHO YBETUIUTH EMKOCTh KOMIIEHCUPYIOIETO KOH/EHC a-
TOPA, YTOOBI OCTABUTH 3HAYEHUE MAKCUMAJBHOM CKOPOCTH M3MEHEHHUST BEIXO[HOTO CHUT-
Haja Ha TOM ke ypoBHe. OObIYHBIE 3HAYEHWSI COTPOTUBICHUN PE3UCTOPOB B IEIH
OOC cocTaBrsI0T, Kak y:ke roBopuyioch, 1 1 22 kOwm. IIpu atom pesuctopst R2 u R3
reHepUpyIOT TeIIoBoi myM nopazaka 1,7 1B (3mech u ganee Mbl OyaeM IpeAIoaraTh,
YTO CONPOTHUBIIEHNE HATPY3KH HA BBIXOJIe Kackaa coctanisier 50 Om).
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Pa3 MBI HEe MO’keM M3MEHWTh HOMUHAJIBI SMUTTEPHBIX PE3WCTOPOB, HAM OCTAETCsI
TOJIBKO CTapaThCsl YMEHbIIUTD cOpoTuBienus peauctopos B ienin OOC. Eciu nonu-
3uth HoMuHau R§ no 2,2 kOwm, Torga conporusiienue pesucropa R npuziercs ymens-
mwmth 10 110 OM, B pe3ysbTare ypoBeHb IIyMa Ha Bbixoje cHu3utcs ¢ —93,5 n1b o
-95,4 nb (110 HaNpsEKEeHWO). 3aMeTUM, YTO €CJIU UCKJIIOUUTh U3 CXEMbl OMUTTEPHBIE
pesucropsl R2 u R3, To ypoBeHb BbIXOAHOTO IiyMa cHU3UTCs ¢ —95,2 1b 1o 98,2 nb.
Opnako HoMuHAM peauctopa R1 B TakoM cirydae He0OXOANMO B3sTh paBHBIM 2,2 KOM,
4TOGBI COXPAHUTH OataHc AuddepeHInaTbHOTO KacKa/a Mo MOCTOSHHOMY TOKY, HO 9TO
MIPUBEJIET K CAUITKOM HI3KOMY BXOJTHOMY COTIPOTHBJIEHUIO Kackasa. Ecv MbI rOTOBBI
CMUPHUTBCSA C HTUM, TO Y HAC MMEIOTCSA B 3amace /[Ba MeToja paboThl ¢ YCHUIUTETEM,
UMEIONNM HM3KOe BXOZHOe corpoTuBieHue. [lepBoiii (11 caMblil TPOCTO ) 3aKJI04YaeT-
cs1 B TOM, 94TOOBI YCTAHOBUTH Iepel] ycuaureneM OybepHbIil Kackaj (HAIpuUMep, Ha
OTIEPAIIOHHOM YCHUJIMTEJE), KOTOPBIA CO CTOPOHBI BXOJa CAMOTO YCHUIUTENS GyIeT
UMeTh (PUKCUPOBAHHOE BBIXOHOE COTPOTHUBICHUE. [Ipy 3TOM TPaHUIIBI MTOJOCHI TPO-
ITyCKAHUsI JIETKO 33/1al0TCs ¢ oMolibio RC-1emouex (¢ HEaJIEKTPOJIUTHIECKUMU KOH-
netcaropamu). OObIYHAS TIPaKTHKA ycTaHaBaIMBaTh RC-1lenmoyku 6e3 UCmoab30BaHs
6ydepHOro Kackajia IOCTOMHA BCSIYECKOTO MOPUIAHUST, TAK KaK MMIEIAHC UCTOUHUKA
06BIYHO HEM3BECTEH TOYHO, & CJIE0BATENHHO, HEOTIPEIEEHHO TIOMYIAEeTCsT U 9acTOTa
cpesa RC-pumnbrpa.

JIpyroil OAX0/1 3aKII0YAETCS B TOM, YTOOBI TPU HI3KOM 3HAYEHUH BXOJHOTO COTIPO-
TUBJIEHUS HA TOCTOSTHHOM TOKE CIIeJIaTh BBICOKMM BXOJTHOM MMITEJAHC IO TEPEMEHHO-
My curnaiy. J[jst 5Toro HeoOXOAUMO HMCHOJIb30BATh KOHAEHCATOD, MOJKJIIOUUB €T0
K MHBEPTUPYIOIIEMY BXOLY YCUJIHMTENs, TO ecTh K Oase Tpansucropa TR3. Ho B aty
TOUKY CXeMbI OOBIYHO TIOJAAETCS CUTHAT OOPATHON CBSA3U € BbIXoza ycuaurens [6].
Ecsmn Mb1 3actaBum 6asy tpaHsucTopa TR3 BBIIONHATH ABOIHYO (DYHKIMIO — U IPUEM
curtasia OC, u yrpaBJieHe 3aps/I0M KOHIEHCATOPA, — TO CJEAYET OTACaThCS TOTO, YTO
M3-3a JIOTIOJIHUTETLHOM IYHTUPYIONIEN eMKOCTH 06pas3yeTcst HOBBIN MOJIIOC, B PE3YJib-
Tare Yero HapyIIuTCcs: CTabMIbHOCTD PAbOTHI YCUIUTEIIST Ha BBICOKUX YacTOTaX. A ecyin
BXOJ[ YCUJIUTENSI OCTaBUTh HEIMOJKJIIOYEHHBIM K MCTOYHUKY CUTHAJA, TO 3TO MOXKET
VMETb HEeTIPHSITHBIE TTOCTIeICTBYS.

Ha puc. 4.12 nokasano, Kak pemuTb aty mnpobdaemy. OOliee CopOTUBIEHUE TOCTIe-
JIOBAaTEJIbHO BKJIIOUEHHBIX PE3UCTOPOB HA BXOJI€ YCHJIUTENS PABHO COIPOTHBIIEHUIO
pesuctopa R8, a KoHzieHCATOP MOJKJIIOUEH K TOUKE COeIMHEHUS JaHHBIX PE3UCTOPOB.
JIpyruM KOHITOM KOHIEHCATOP MOAKJIIOUYEH K TOYKE TOJa4u CUrHaia 0OpaTHON CBsA3H,
IUIsl YCTPAHEHHsI BO3MOKHBIX MApasUTHBIX KoJeOaHUI MCITOJIb30BaH OrPaHUYNTE b=
HBIH pe3ncTop Rigq. Temepp ecnmm BXoA ycmanTens OCTaBUTh HENOAKIIOYEHHBIM
K UCTOYHUKY CUTHAJA, TO HUYETO CTPAITHOTO HE CIYYUTCS, XOTS JeJaTh 9TO BCE PAaBHO
HEKEJNATEIbHO, 0COOEHHO €CJIU K BBIXOMLY YCUJIATEJIST OAKIOUEHBI TPOMKOTOBOPHUTE-
/. Eciin HoMMHaI OrpaHnynTe IbHOrO pesuctopa Rigq BbIOpaTh paBubiM 220 Om, TO
B pe3yJIbTaTe BXOIHOM UMIIEAHC YCUIATEST yBenunautes 10 7,5 kOwm, a ecam 100 Om —
to 1o 13,3 kOwm. [Tocsentee 3HaueHMe obecrieyrBaeT He0OXOAMMbIH 3a11ac OTHOCUTEb-
HO 00BIYHO NpUHUMaeMOi crangaptHoil Beaudnnbl 10 kOm. TecTbl moKasaniu Xopo-
Iyt CTaGUIBHOCTD OMUCAHHOTO YCUJIUTEJIST, HO OCTOPOKHOCTH DAl CJELyeT TPU3-
HATBh, YTO ATOT BOMPOC TpebyeT GoJiee MPUCTANTBEHOTO H3YYEHHUSI.
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Ellle ofHUM CJIEACTBHEM TOTO, YTO YCUJIMTENb ¢ OOPATHON CBS3bI0 UMEET HU3KUI
BXOJTHOW WMIIE/IAHC, SABJSETCS TO, YTO /g coxpaneHns AYUX Ha HM3KMX YacTOTaxX
Heu3MeHHOU u npepoTBpaiienust Bo3pactanug KHU (1o nameit knaccudukanum ato
HCTOYHUK HCKaKeHUH HoMep 8) HeoOXOAMMO MPOMOPIMOHAIBHO YBEJIUYHUBATH
eMKocTb Korgencaropa C2. Tpebyembiit HomuHan koagencaropa gocturaer 1000 mxd
pu paboueM HanpskeHuu 6,3 B (ecsi Mbl XOTHM, 4TOOBI KOHAEHCATOP TAKON eMKOCTH
ellfe MMeJT TPUEMJIEMBIH pazMep), OITOMY HEOOXOIUMO UCIIOIB30BATH IIYHTUPYIOIIE
JOBI I 3aIlUThl KOHAEHCATOpa OT IepeHalpsaKeHus oOenx ImospHocTeil. 13-3a
stux anonos 3Hauenne KHIU, panee nexasimee mHimke 0,001% (mpu wactore curHaia
10 I'r), Bospactaer o 0,002% maxke mpu HU3KOW BBIXOAHOUN MorHOCTH (20 BT ipn
compoTuBIeHnN Harpy3ku 8 Om), uTo Bpsif i ipuemsieMo. JIydrie ucrioab30BaTh Ba
JINO/Ia, COEJIMHEHHBIX TOCJIEJ0BATENbHO. JDTO YBEINYUBAET Pa3Max HAINPSKEHUs Ha
kongencarope C2 1o +1,2 B (uT0, TeM He MeHee, BIIOJIHE AOCTATOYHO JJIsL TOTO, YTOOBI
OH He B30PBAJICH), HO 3aTO HE TaK KaTaCTPO(PUIECKN CKA3bIBAETCS HA BEJTUUYNHE KO3(-
¢uireHTa HeJTMHENHBIX UCKAKEHUT.

Bo BxomHOM muddepeHInaTbHOM Kackaae MOKHO HCTOJb30BaTh TPAH3UCTOPHI
MPSAS56, HO OHM UMEIOT IOCTATOYHO BBICOKHUH YPOBEHDb BHYTPeHHMX IIyMoB. Cyiie-
CTBYIOT TPAH3KMCTOPHI C BBICOKHUM 3HaueHHeM KOd(GUIMEeHTa Iepefaynd ToKa 0asbl
Y HU3KUM YPOBHEM IITyMa, Haripumep, 2SA970, pu UCOIb30BAaHIHT KOTOPBIX B CXEMe
¢ OOC 1 HU3KUM BXO/IHBIM UMIIE/JAHCOM YPOBEHbD IITyMa YCUJIUTEJS CHUMKAETCS TIPH-
Mepro Ha 1,8 nb. [1pu ucnosb30BaHUM CIENUAIBLHBIX TPAH3UCTOPOB 2SB737 ¢ HU3KUM
CONPOTHUBJIEHIEM 0as3bl 0OeCIeunBaeTcs HajabHellee yMeHbIIEeHne YPOBHS IIyMOB,
XOTd M He CJAUIKOM 6osbInoe — Beero Ha 0,1 nb.

Koe-kT10 MOr 6b1 BO3Pa3uTh, YTO UTH Ha YCIOKHEHUE CXEMbI P/l CHUKEHHUS YPOBHSI
IIyMOB Bcero Ha 2 1B Bpsizi Jin 1ieJiecoo0pasHo, HO CJIeAyeT HAIlOMHMTh, YTO MOIIYTHO
MBI TTOJIYYUJIN ellle HEKOTOPbIe TIPEUMYIIECTBA, HAPUMED CYIIECTBEHHO YMEHBITIIN
IIOCTOSIHHOE BBIXOAHOE HAlPsKeHne pasbasatca, — 00 9TOM IOUIET Peub B CJEAYIONeM
pasmere.

4.12. NMocTosiHHAA coCcTaBNAOLLLAA BbIXOAHOIro CUrHana
AnddepeHumnanbHoro ycunutens

Te >xe camble KOMIIOHEHTBI YCUJIUTEJIS, UYTO ONPEAEIAI0T YPOBEHDb €r0 IIyMOB, TaKXe
OKa3bIBAIOT BJIMSHUE Ha Pa36alaHC BBIXOJHOTO HAMPSLKEHUS. ECIM yMEHBIUTD COTIPO-
THBJIeHNE pe3ucTopa RY, TeM caMbIM YMEHBITNB CONPOTUBIIEHNE HCTOYHIKA CUTHAJIA,
BUAUMOE €O CTOPOHBI 6Gasbl Tpansucrtopa TR3, TO HEOOXOAUMO MPOMOPITMOHATBHO
U3MEHUTh HOMUHAT pe3uctopa R8, 4To6bI COXpaHUTH Ha TOM K€ yPOBHE 3HAUEHUE
koadbunuenta ycusenus npu 3amkuyToit metiae OOC, B pe3ysbTaTe 3TUX A€HCTBUN
6y/IeT YMEHBINEHO MaJleHUe HATIPSKEHNs, BBI3BAHHOE TOKOM 0a3bl BXOJHBIX TPAH3MU-
CTOPOB.

B cBoux mpoekTax aBTop OOBIYHO JOMYCKAET, YTO Pa3balaHC BBIXOJHOTO CUTHAJA
sexut B mpenenax +50 MB. B GospinHCTBe cydaeB TaKoi YPOBEHDL MOCTOSTHHOM
COCTABJISIIONIEN YCUITMBAEMOTO CUTHAJIA HA BBIXO/I€ HE TPUUYMHSIET 0COOBIX HETTPUSITHO-
cTeft, HO M 9TO 3HAYEHHE MOXKET OKA3aThCSI CJUIITKOM OOTBIMIM JIJIST BHICOKOKAYeCTBEH-
HBIX ycuauTeneil. Moandukamst TUTIOBOI CXeMBI, OMUCAHHAS HAMHU B IPEABIIYIIEM
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paszese (Kor/a Mbl GOPOJIHCH C YPOBHEM TETJIOBBIX ITYMOB), TaKKe 00CTIeUMBAET CHHU-
JKEeHUE YPOBHS MOCTOSIHHOM COCTaBJISIONIEH BBIXOAHOTO CUTHAJIA.

Koria HOMUHAIBI 2JIEMEHTOB YCUJIMTEST BBIOPAHDBI B PA3yMHBIX TIPEEaX, YPOBEHb
MOCTOSTHHOM COCTABJISIONIEH OIMPEAesieTcsl He CTOJBKO pasHUIleH Gasza-sMHUTTEPHBIX
HATIPSUKEHUI BXOJHBIX TPAH3UCTOPOB (OHa cocraBisiteT He Oosee 5 MB), CKOJBKO
HeCOBMaleHneM UX K03 hUIIMEHTOB Mepefiadn ToKa 6a3bl, a CIeJ0BATENBHO, HECOBIIA-
JieHreM 6a30BbIX TOKOB M TOKOB, TEKYIIMX yepe3 peaucTopbl R1 1 RS,

Nmeercs Takke U TPETUH UCTOYHUK PAcCOTIACOBAHUS — HECOBIIaJeHUE COIIPOTHUB-
senuii peauctopoB R2 u R3. Ix Homunain B cxeme coctaisieT 100 OMm, B pe3ysibraTe
najieHde HampsKeHus Ha KaxzaoMm u3 HuX — 300 mMB, mostomy ecsin mcTuHHOE UX
COMPOTHUBJIEHIE OYIET OTJIMYATHCS OT HOMUHAJIBHOTO BCero Ha 1% B pasHbIe CTOPOHHI,
TO PE3yJIbTUPYIONIHIA pa3baaHC BXOIHBIX HAIIPSLKEHUN coctaBut 6 MB. to, pasyme-
€TCsl, MAKCHMAJTBHBII ITpefiesT: Ha MPaKTHKe MPH JoTycKe 1% peasbHble 3HAUYEHUS pac-
COTJTacOBaHUI He MpeBbIIaoT 2 MB.

CyliecTByeT HECKOJIBKO BO3MOKHOCTEN [/ TOTO, YTOOBI YMEHBIIUTH pasbaiatc
nuddepeHnnatbHOTO YCUIUTES, TO €CTh CHU3WTH MOCTOSHHYIO COCTABJISIONTYTO
BBIXOZHOrO curHasa. Bo-mepsbix, st nutanus Y M3Y ¢ He6OJbINOi BHIXOIHON
MOIIIHOCTBIO ¥ €IUHCTBEHHBIM BBIXO/IOM MOXHO HCII0JIb30BaTh UCTOYHUK C HE CJIMII-
KOM GOJIBIINM HATIPSKEHUEM, B PE3YJIbTATE BO BXOJHOM KacCKajle MOKHO HCIIOJIb30-
BaTbh TPAH3UCTOP C YMEPEHHBIM JIOIIYCTUMBIM KOJIJIEKTOP-9MUTTEPHBIM HAIIPSSKEHUEM.
ITO MO3BOJIUT UCIIOJIb30BaTh TPAH3UCTOPHI ¢ GONBIINM 3HAUECHHEM KO3(hOUITHEHTA
nepejaun Toka 6a3bl, TO eCTh 6a30BbBIH TOK BXOAHBIX TPAH3UCTOPOB OY/IET HEBEIIVK.
Hamnpuwmep, tpausuctopsr 2SA970 umeior koabdunuent f = 350-700, a Tpansu-
cropet MPSA06/56 — Bcero 100 (3ameTiM, 4TO IOKOJIEBKA BBIBOJIOB Y HUX Pa3JIHy-
Has).

B mpexbiayiieM pasiesiec Mbl PACCMOTPENHU CIIOCOO CHUKEHUST MMIIEAHCa Iern
06paTHOii CBsA3M, KOTOPBIN MO3BOJIMI YMEHBIITUTH 3HAYEHHUE ITOTO MapaMeTpa puMep-
HO B 4,5 pa3. B pesysbrare MOCTOSTHHAS COCTABJISIONIAsT BBIXOAHOTO CUTHAJIA, BHI3BAH-
Hast pazbanaHcoM 6a30BbIX TOKOB BXOAHBIX TPAH3UCTOPOB, OblJIA YMEHbINEHA B TO JKe
yncJo pas. [JoaToMy MbI MOKeM HaZleThCs, YTO IOCTOSIHHAS COCTABJIAIONIAS BBIXOHO-
ro cuTHaIA OyeT HaXOAUThCS B Tipeneax +15 MB 6e3 Kakux-1mub0 JONOTHUTETBHBIX
YXUIIPEHUH CO CTOPOHBI TIPOEKTUPOBINUKA. B HAIINX aKCIIEPUMEHTAX C IECATHIO 0OBIY-
HbIMU (D hePEeHITMATbHBIMU KaCKaJlaMi, B KOTOPBIX HCIIOJIb30BAJMCh cymnepoe-
Ta-TPAH3UCTOPbI (Pa3yMeeTcsl, OHU OBLIN B3SIThl U3 PA3JUYHBIX TAPTHIT), BEJIMINHA
MTOCTOSTHHOM COCTABJISIIONIEH BBIXOJHOTO CUTHAJa HU pady He mpeBbicwia =15 mB,
Y TOJIBKO B TPEX CJIy4asix U3 JIeCSATU ITOT Iapamerp Bbimies 3a npemesbl =10 mB. Tax
Kak pasbanaHc 6a3a-IMUTTEPHBIX HATIPSKEHUH UMEET TOT K€ TIOPSANOK BETUINHBI, TO
TJIYIIO HAJIeIThCS JIOCTUYD JIyUNIMX MOKasareseil. Majble M3MEHEHUS BbBIXOHOTO
HAIPSKEHUS ¢ TedeHeM BpeMeHH B HalllUX 9KCIIEPUMEHTaX cocTaBuIu nopsaka 1 MB,
BEPOSITHO, 3TO OOBSCHSETCST HarpeBaHUEM BXOIHBIX TPAH3UCTOPOB.

Ha puc. 4.13 npuBeieHbl TOKM 1 HAIIPSIZKEHUS B MleaibHO cOalaHCUPOBAHHOM AU(-
depentanpioM Kackaje (TPeANoIaraeTcs, 9To0 Ko GUINEHT Mepefiadydl ToKa 6a3bl
BXOJHBIX Tpan3ucTopoB paBeH 400). Tem ke ykasaHbl 3HAUEHUS HTUX TTAPAMETPOB,
n3MepeHHbIe B peaslbHOH cxeme. Kak BUMM, B ITOCJIEAHEM CIydae ITOCTOSIHHAS COCTa-
BJISTIOIIAST BEIXOJTHOTO CUTHAJIA OKa3ajach PaBHOM MUHYC 2,6 MB.
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Puc. 4.13. MamepeHne pexmuMoB MO NOCTOSHHOMY TOKY B PEASNbHOM
adpdepeHUManbHOM Kackaae (TeopeTMyeckue 3HAYEHMs TOKOB
M HANPSXEHWUH B MpeanbHo CBANAHCUPOBAHHOM KACKGAE YKA3QHbI
B ckobkax)

4.13. MakcumanbHas CKOpoCTb U3MEHEeHUS BbIXOAHOro CUrHana

ITOT HapaMeTp OIIPe/eNIaeTcs TIaBHbBIM 00pa3oM MMEHHO XapaKTePUCTUKAMK BXO[HO-
ro kackaza Y M3Y u TecHo cBsi3aH ¢ BeIMYNHON KOa((puIlenTa HeJTMHEIHBIX NCKasKe-
HUI Ha BBICOKMX YacTOTaX. 371eCh MbI 0GCYANM JaHHBIN BOTIPOC JIUIIb BKPATIIE, IETaJIb-
Hoe 00CysKIeHHe K AeT YhTaTe/s B riiase 7.

MaxkcuManbHOe 3HadeHre HaKJIOHa BBIXOZHOIO CHUTHAJA 3aBUCHUT OT CIIOCOOHOCTH
BXOJIHOTO u(hhepeHIMaTbHOTO KacKa/la TIePEKJI0YaTh TOK ¢ OJHOTO TIJIeYa Ha JIPYTOe.
Tunosbie cxembl auddepeHuantbHblX KacKaZoB MOIYT OOBIYHO KOMMYTHPOBATh
C OJIHOTO TIjIeYa Ha JApyroe He 0ojiee TMOJOBUHBI CYMMApPHOTO TOKa, TEKYIIErO Yepes
ucToyHUK Ha Tpausuctope Trl (cMm. puc. 4.7a), B pe3yabTare CKOPOCTb U3MEHEHUS
BBIXOHOTO CUTHAJIa CHUIKAETCS M3-3a KOJIJIEKTOpHOTO pe3nuctopa R2. Mcnonb3oBanne
TOKOBOTO 3€pPKaJia B KAUeCTBe KOJJIEKTOPHOI Harpy3ku AU hepeHInagbHOTO KacKaa,
KaK y:Ke TOBOPUJIOCH paHee, YJIYYIaeT CKOPOCTh M3MEHEHWSI BBIXOJHOTO CUTHAJA
B 060MX HANPABJEHUSAX MPUMEPHO B iBa pasa. Tak, ecjid BeJIMUNHA CYMMapPHOTO TOKA
SMUTTEPOB 000UX TPAH3UCTOPOB A depeHIInaIbHOTO KacKaaa coctasiser 1,2 MA, To
TP TIepexo/ie OT CXEMBI Ha PHC. 4.7a K cxeMe, TIOKa3aHHON Ha puC. 4.7B, MaKCUMaJTbHAs
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CKOPOCTh M3MEHEHWsI BBIXOAHOTO CHUTHaja yBequduaach ¢ 5 B/mxc mo 10 B/mkc
(eMKOCTb KOMIIEHCUPYIOIIETO KOH/IEHCATOPA B CJIEYIONEM KacKa/le YCUIUTEIIS HATPs-
sxenns cocrapisiia 100 n®). dasee, ¢ IOMOLIBIO CXeMbI, IOKa3aHHOM Ha puc. 4.96, yaa-
JIOCh YBEJIMUUTD 9TOT napameTp 1o 20 B/MKc.

Ha mpakTuke 0OBIYHO CKOPOCTb HApacTaHUsI U yOBIBAHUA BBIXOJHOIO CUTHA/IA HE
paBHBI APYT APYyry. OCcOGEHHO 9TO BEPHO JJIst TPAAUIIMOHHBIX cxeM Y M 3Y, paccmarpu-
BaeMbIX B 9TOU KHUTE.

4.14. Kackap, ycunurtens HanpsxeHus

Crenyromuit kackag YM3U — ycusurtesnb HaNpsiKEHUS — B OCHOBHOM OTIPefieJisieT
BeJIMUMHY ero Koa(hduilnenTa ycujeHus U MaKCUMaJIbHBIN pa3MaxX HaIpPsKEeHUs Ha
BbIXO/Ie (BXOMHOU nudepeHnanibHblii KackajJ MOXKET WMEThb BBICOKOE 3HAYeHUe
KoadduirenTta nepeadn, HO €ero BHIXOAHBIM CUTHAJIOM siBjisieTcs: ToK). OnHako, Kak
9TO HEPeIKO ObIBAeT B ayANOTEXHMKE, BEIU He BCETa OKA3hIBAIOTCS TAKUMMU, KAKMMU
KaxkyTcs. Ha niesre okas3piBaeTcst, 4TO IMHEHHOCTD YCUJIUTENST HAMPSIKEHUST HE OKa3bI-
Ba€eT CYIIECTBEHHOTO BJIUSHUS HA 3HAUeHUE KOd(POUIMEHTa HETMHENHBIX NCKAKEHNH
Bcero YM3U.

AUDIO PRECISION THD+N(%) vs FREQ(Hz) 29 APR 93 18:49:37
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Puc. 4.14. KoadpduumeHT HenmHeHHbIX UCKAXKEHUH MOAENBHOTO yCH-
nutens. Ha Huskux yactotax KHU man, Ho pesko ysennunsaetcs Ha
yacrorax ot 2 go 20 kly

PaccmoTpuM MoebHBIN YCUINUTENb, TPAH3UCTOPBI OKOHEYHOTO KACKAZa B KOTO-
poM paboTaroT B pexkMMe Kiacca A; HaTpsKeHNe NCTOUHMKA muTanus +£15 B, namps-
JKeHue BbhIXofiHoro curHana +16 1b. Hukakux 10TOMHUTETbHBIX MeP 110 JIMHeapu3a-
MU BXOAHOTO ANG@EepeHNNaNTbHOTO KAacKafla WJIM YCUJIUTENS HANPSKeHUs He
npeanpunaTo. 3apucumocth KHU ot wactoTsr ayist mogenpaoro Y M3Y nokaszana Ha
puc. 4.14 (McKakeHUsIMU B OKOHEUHOM KacKajie Mbl ipeHe6peraem). Kak mosxxer noka-
3arbcs, BemmunHa KHI Ha HU3KIX 9acToTax OKa3bIBaeTcs Jake HIDKe, 9eM YPOBEHb
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1ryMoB, Ho Bbime 1 k11 koadduimenT HeTMHEHBIX NCKA)KEHNH HAUMHAET Me/IJIEHHO
yBennunBaThCs (TJIaBHBIM 00Pa3oM 3TO OIPEIENseTcss HeJUHEHHOCThIO YCUJIUTEJIs
Hanpspkerusi). Ha BBICOKMX dYacToTax HMCKaKeHHs, QOPMUPYeMble B YCUJIHUTEJEe
HampsoKkeHns (OHU JIafoT HAKJIOH 6 1D Ha OKTaBy) CKJIAZBIBAIOTCS C MCKAKEHUSIMMT,
00ycJIoB/IeHHbIE HeJIMHEHHOCThIO BXOAHOTO Kackama (12 wam 18 nb Ha oxraBy),
B pe3yJsbrare popMupyercs HakaoH 3aucumoct KHU oT 9acToThl, TUHITUYHBIN 1151
6osbmuHcTBa Y M3Y.

Kak yxxe nosicHs1och paHee, IPUYUHON TOTO, UTO UCKAKEHUST B KACKA/Ie YCUIIUTES
HAIPSKEHUSA OKa3bIBAIOTCS OTHOCUTEIbHO HUBKUMMU, SBJISI€TCS OTPHUIIaTesIbHast oOpaT-
Has ¢Ba3b. Ha HM3KUX yacToTax JUHeapusyomuil apdexT riaaBHbM o6pasoM obectie-
yusaercst obmeil OOC, a Ha Boicokux — mectHoi OOC, posib KOTOPOil BBIOJHSET
6a3a-KoJIEKTOPHBII KOHZIEHCATOP.

4.15. UckakeHWs B Kackafe ycunutens HanpsxeHus

Jl71st muHeapuW3aIuy Kackajia yCUJINTENS HAPSKEHUST PACCMOTPUM HEJTMHEHbBIE NCKa-
JKEeHUsI, BHOCUMbIE UM B BbIxoaHou curnan Y M3Y. /liig noxasiieHust BIUSTHUASA BXOLHO-
ro nuddepennuarbHoro kackaga Ha BerwmunHy KHUW mpomie Bcero mcmosbp3oBaTh
MecTHYI0 OOC, poJsib KOTOPOH MOTYT BBITIOJHATD 3MUTTEPHbBIE PE3UCTOPHI COMTPOTUB-
sennem 100 Om, kak mokaszano Ha puc. 4.16. Kpome toro, Heo6X0a1M0 pa3opBaTh KOH-
Typ obmuieit OOC, uroObI OHA He OKa3biBaJIa BIUSHUE HA HETMHEHHOCTD YCUIUTETBHO-
TO KacKaja.

Ha puc. 4.15 npuBegeHa 3aBUCUMOCTD K03 GUIleHTa HETMHENHBIX MCKAKEHII OT
YACTOTHI TIPU 3HAYEHUSAX HANPSLKEHUS Ha OTpUIATeNbHOU muHe mutanus Y M3Y,
n3MeHsieMbIX oT MuHyc 15 10 munyc 40 B.

AUDIO PRECISION THD+N(%) vs FREQ(Hz) 29 APR 93 18:49:37
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Puc. 4.15. Cuuxenne KHU Ha Bbicokmux yactoTax npu ysenuueHuu
HONPSXEHMS HO OTPULIATENLHOM WMHE MUTAHWS AN cXxeMmbl Ha puc. 4.16
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O B+

l g 3 BbixogHoM
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100 Om 100 Om
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BxogHom nuTaHns
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Puc. 4.16. TectoBas cxema ansa uameperus koadpoduLmeHTa HeNnmHen-
HbIX MCKOXEHMM B KACKAAE YCUIMTENs HANPsXKeHMs

Yr006bI 9KCIIEPUMEHTAIBHO 0KA3aTh, UTO HAOJII0IaeMblii HakJIoH 3aBucumMoctu KHI
ot yactoTsl (6 1B Ha OKTaBY) 00YCJIOBIEH UCKIIOUUTENHLHO BIUSHIEM KACKa[a yCUIIU-
TeJIsT HaTPSUKEHUsT, He0OX0IMMO HAlTH Crocob M3MEHEHUsT CTEeMeH N JIMHEHHOCTH YCH-
JIUTEJIbHOTO KacKa/[a, KOTOPBIN Obl He OKA3bIBAJI BJIUSIHUS HA OCTAJbHBIE TTAPAMETPBI U
PEXXUMBI CXeMbl. [IJIs1 9TOTO XOPOIIIO TTOAXOMUT METOJ PEryJTUPOBKU HATIPSLKEHUS Ha
OTPUIIATEJLHOM NTMHE MUTaHUs], TIOKa3aHHbIN Ha puc. 4.16. baza-aMutTepHOE HATIPSIKe-
HUe Ha BXOJIHBIX TPAH3UCTOPAX, PA3yMeeTCsl, IPU TAKOW PEryJIMPOBKe U3MEHSIETCs, HO
9TO He MIPUBOANT K U3MEHEHHIO KaKUX-JTHO0 BaXKHBIX XaPaKTEePUCTHK cXeMbl. JIJIst 1oKa-
3aTeIbCTBA MOCJIETHETO YTBEPKACHUS U3MEPSIOTCS PEKUMBI TPaH3ucTopoB Tr2 u Tr3,
BKJIIOUEHHBIX 10 KACKOIHON CXeMe B KOJITIEKTOPHBIE II€NH BXOJHBIX TPAH3UCTOPOB (OHU
He JIOJLKHBI UI3MEHUTHCS TP PETYJINPOBKE HATPSSKEHUS TUTAHS ).

4.16. Cxema ycunutens HanpsxeHus

TunoBble cxembl ycuiuTeseil HanpsoKeHus TpuBefieHbl HA puc. 4.17. Ha puc. 4.17a
MOKa3aHa KJIacCHYecKast cxeMa ¢ 001IIMM aMUTTEPOM. J[JIsT MaJIOCUTHATBHOTO MOJIETUPO-
Banus B cucteme SPICE moskHO ncrionb3oBath cxemy Ha puc. 4.18. 3nech anement G,
MOZIETUPYIOIIHiT paboTy BXOAHOTO Au((hePEHIIUATBHOIO KaCcKajla, sIBJISETCS UCTOUHM-
KOM TOKa, yrpaBysgeMbiM HanpsskenueM (MTYH). BxogabsiM curnasoM 171st Hero siBJisi-
€TCsl Pa3HOCTD HAlpsiKeHUH Ha pesucropax Rin m RF2. /g mogenuposanust paGoTbl
KacKajla YCUJIUTENs] MCIOJIb3yeTCsl UCTOUHMK TOKa, ympasisemblii Tokom (UTYT —
anemeHT F), KoaduiinenT ycumeHus mo ToKy Kotoporo paset . BxoaHoit Tok ncrou-
Huka F uamepsieMcsi ¢ momoiipio amiepmerpa, Kotopbiii B SPICE-Mozenu nipejicraBien
B BUJIe HEYTIPABJIsieMOro uctounuka VA c HyJieBbiM HarnpsikenneMm. Pesucrop Re npes-
CTaBJIsIeT OOIUil UMITEAHC B KOJIJIEKTOPHOU II€IM KacKala YCUJIUTEs HaIPSKEHMs],
ero TunuuHoe 3Hauenre 22 kOM. HecMOTpst Ha CBOIO TIPOCTOTY, TaHHASI MOJIEJb TI03BO-
JigeT ¢ JI0CTaTOYHON TOYHOCTBIO PACCUUTATh 3aBUCMMOCTU MEXKAY KoabduimeHtom
YCUJIEHUS, YaCTOTON OCHOBHOTO TTOJTIOCA W TOKOM BXOJTHOTO KacKajia (CM. T1aBy 3).
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Puc. 4.17. LLlects BQpPMOHTOB MCMONHEHMS KACKOAQ YCUIMTENS HAMPSKEHMSE:

a) Kackag ¢ obLWHM IMUTTEPOM U MCTOYHUKOM TOKA B KAYECTBE KONMEK-
TOPHOM HArPY3KH;

6) kackap ¢ komneHcaumonHoin OC;

8) ysenuueHue rny6unel mectHod OOC ¢ NoMOLLbIO 3MUTTEPHOTO NOBTO-
puTens Ha cynepbeTa-TpaH3ucTope;

r) ysenuuenue rny6uHbl mectHot OOC ¢ noMoLybio KOCKOAHOM CXEMbI;
a) 6ydeprpoBaHme ans yCcTpaHeHMs BAMSHUS CleayioLlero Kackaaa Ha
KOMNEKTPOHYIO HArpy3Ky;

e) ewe oanH cnocob bydeprposanus ¢ komneHcaumonron OC

AcHo, uTo KOahOUITNEHT yCUIeHNs, PACCYUTAHHBIN 110 MOJIe/ N Ha pUC. 4.18, oka3bI-
BAETCs IPSIMO IIPOIOPLMOHAIBHBIM BeJIMYrHe KoadduimenTa nepeaadn Toka 6asel f,
a OH, B CBOIO 0Yepe/ib, MOJKET BApbUPOBATELCS B MTUPOKUX TIPeIeaX Jake /IS TPaH3U-
CTOPOB OZTHOTO U TOTO ke Tuma. [Toaromy ucnombsyerca mectaast OOC, posib KOTOPOi
BBINIOJIHAET 6a3a-KoJekTopHblii konzencatop Cy. Ha Bricokux acrorax Koaddurm-
€HT YCUJIeHUsT KACKA/Ia 3aBUCUT He OT BEJIUYMHBI B, & OT eMKOCTU 3TOTO KOHJIEHCATOPA,
B pesyJibTaTe rapaHTUPYETCs CTaOMIbHOCTh PaboThl Kackaza. UTo Kacaercs koaddu-
IMEHTa YyCUJIEHNS Ha HU3KUX YacTOTaX (HUKe YaCcTOThl OCHOBHOTO mosoca P1), To ona
[O-TIPEKHEMY OIpelensercs KooaGUiIuenToM Iepefadyn TOKa 0asbl TPaH3UCTOPA,
a MOTOMY OCTaeTCsl TOYHO He M3BECTHOU. BMecTe ¢ HUM He ompe/iesieHa 1 caMa 9acToTa
P1, Ho 311 /1Ba IapaMeTpa He Tak yK BakHbI — ecau riaybuna OOC st inHeapusanuu
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Puc. 4.18. SPICE-mopens BxogHoro auddepeHumansHoro kackaaa
(G — McTouHMK TOKA, yNnpaBnseMbiit HaNPsSXXeHEM) U KACKGAQ yCUnuTe-
ns Hanpsxenus (F — McTounuk Toka, ynpasnsembii Tokom). Tok MCTOuHM-
ka F B  pa3 6onblue, yem ToK, Tekywmi yepes amnepmetp VA

YCUJIUTEJSE Ha BBICOKMX YACTOTAX BHIGPAHA TPABUIILHO, TO TIPOOJIEM Ha HU3KHMX 4aCTO-
tax (rae KoahOUIHEHT YCUIIEHIS nMeeT Hanboiblliee 3HAYeHHE) CKOpee BCero He BO3-
HUKHeT.

B sakmiouenme oTMeTHM, YTO BBIGOP TPAH3WCTOPOB, YCTAHOBJIEHHBIX BO BXOIHOM
Kackajie, MaJio BJUSIET Ha JMHEHHOCTh KaCKa/la YCUIUTENS HAPSIKEHUS, eCTi K0adh-
durrenT nepegayn Toka 6asbl ITUX TPAH3UCTOPOB UMEET JOCTATOUHO GOJIBIIIOE 3HA-
YeHue.

4.17. ckaXxkeHWs B Kackape ycunuTensa HanpsxeHus

Kak m3BecTHO, nepefaTovHasi XapaKTEPUCTHKA dMHUTTEPHOTO MOBTOPUTEJIST TIPENCTa-
BJISIET COOOM OTPE30K 9KCIOHEHTHI, M3-3a 9TOTO HEJWHEHHOCTh KacKala YCHJIUTENsS
HAIPSKEHUS I0BOJBHO BBICOKA, TJIABHBIM 00pa3oM, 6J1aroiapsi reHepariuu BTOpoi rap-
MOHUKHU YCUJINBAEMOTO CUTHAJIA, YPOBeHb KOTOpo# 1pu 3aMkHyTou nietie OOC yge-
JIMYUBAETCS C yBEJIMYEHUEM YaCTOTHI CO CKOPOCTHIO 6 1B Ha oKkTaBy.

HemHeiiHOCTh YCHIUTEIBHOIO KacKaga B 60JIbIIMHCTBE MOIIHBIX Y M3Y He oka-
3BIBAETCSI KPUTHUYECKOH OJiarofiapst TOMY, 4TO OOBIYHO HMapaMeTphl YCHJIUTEIe! po-
MOPITMOHAIBHO U3MEHSIIOTCS] IPU M3MEHEHUH HANPsDKeHUs TMUTaHus. J{Jsi BXOIHOTO
KacKajia 9TO He TaK: yBeJMUeHre pasMaxa CUI'HaJIa Ha ero BBIX0e TPeOyeT MPOIopPIHO-
HAJIBHOTO YBEJNYEHUsI Kak Koa(hUIlneHTa Iepeiauu, Tak 1 TOKa 3apsiia 6a3a-KOoJIIeK-
TopHOro Konzencatopa Cy. YBennuenue KOJUIEKTOP-dMUTTEPHOTO HAIPSKEHUS Ha
BXO/THBIX TPAH3UCTOPAX MPAKTUUECKU HE BJIUSIET HA TMHEHHOCTb.

B aTOM MOXHO YBUZETH 3JIyI0 MPOHUIO, HO HEJUHEHHOCTb KacKana yCUJIUTENs
HATIPSIKEHUST CTAHOBUTCST 3aMETHOM, TONBKO €CJIU 3HAYUTEIbHO YBEJIUYUTh TIyOHHY
MectHOI OOC BXOMHOTO Kackaja (CIAUIIKOM YBEJIUYUB COIPOTUBJICHUS PE3UCTOPOB
B OMUTTEPHOI 1enn). biraroe HamepeHne MOIYIUTh MAaKCUMAJIBHYIO JIITHEHHOCTD elile
110 rcrob3oBanus kKoHTypa o61eil OOC (K KOTOpOMY MbI IIPU3bIBAJIM BbIIIE) Ha JIeJIe
MPUBOUT K TOMY, uTo 1ipu 3ambikanun 1ent OO C koadbuiinenT HeTMHEHHBIX UCKa-
JKEHUH OKa3bIBAETCS BEJIUK M3-3a TOTO, UTO CHUKAETCS KOI(DDUITMEHT YCUIEHWS TIPU
pasomknyToM KoHType OOC, a ciemnoBartenbHo, u riayouna camoir OOC, ucmosbaye-
MO JIJTs1 JTMHEeapU3aIuK yCUJIATEIS.
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4.18. JiInHeapusauma ycunuTtens HanpsHKeHUs: akTUBHasA Harpyska

Kax yzxe rosopusiocs B riase 3, npu npoektuposanuu ¥ M3 Baxno, 4To0bI KOadu-
IIUEHT YCUJIEHUS KacKa/la YCUIUTENS HAPsKeHUs TpU pa3oMKHyTol MectHOl OOC
(poJib KOTOPOH BBIIOJHSIET (a3a-KOJJIEKTOPHBIA KOHEeHCATOP) OBbLI JOCTATOYHO
BbICOK, 4T00BI 1pu 3aMbikaHi OOC kackaz obJagan Xopolei JMHEHHOCThIO, TI09TO-
MY MPOCTasi PE3UCTUBHASI HArPYy3Ka B KOJUIEKTOPHOU I[ENTU TPAH3UCTOPA OOBIYHO HE
HCITIOJIb3YETCSI.

[Tpu yBesiueHNY COMPOTUBJICHIS KOJIJIEKTOPHOTO PE3UCTOPA TOK Yepe3 Hero (a cJie-
JIOBATEJIbHO, U TOK KOJIJIEKTOpPA) YMEHBIIIAETCs, TTO3TOMY CHIZKAeTcsl KO3 MHUIHeHT
nepesiauyr TPAaH3UCTOPA, B PE3YJIbTATE MBI HE JOCTUTAEM KEJTAeMOTO YBETUIEHUS KO3(h-
(purmeHTa yCUIEeHUs 10 HAIPSKEHUIO.

OnuH U3 JeliCTBEHHBIX CIIOCOO0B yBearnueHusT Koo GUIMeHTa YCUIEHNs 3aKI04a-
€TCsT B TOM, YTOOBI MCIIOJIb30BATh B KOJUIEKTOPHOU I[ENMN aKTUBHYIO HATPY3Ky BMECTO
00BIYHOTO PE3UCTOPA, POJIb OTOM HATPY3KU MOXKET UIPaTh JUOO UCTOYHUK TOKa (KOTO-
PBIii, KaK M3BECTHO, 00JagaeT OOJIbIIMM BHYTPEHHUM COMPOTUBJIEHHEM ), THOO KOM-
IeHCalMoHHas oOpaTHas CBA3b. 11epBblil crocol, 10 MHEHMIO aBTOPa, 3aCIy:KUBAET
6OJIBIIETO I0BEPHS, OH Yale ucronubsyercd B Hi-Fi ycunurensax u apyrux npodeccuo-
HaJIbHBIX paspaborkax. YTo KacaeTcst BTOPOro ciocoba, TO ¢ ero IMOMOINbIO 0beciiedn-
BaeTcs GOJIBIINIL pa3Max BbIXOAHOIO HAIIPSAKEHUS, HOCKOJIbKY KOJIJIEKTOPHBII [IOTEH-
IIAAJI TIPY 3TOM TEOPETUIECKU MOXKET JaskKe TIPEBBIINATh HAPSKeHUE TI0JIOKUTETHHON
ITUHBI TTUTAHWS, B CIyJyae HMCIOJb30BaHUS MCTOYHUKA MUTAHUS C OTPAHMYEHHBIM
HarnpsikeHrneM (HAIpUMeEpP, B aBTOMOOGWJIBHOW ayJIMOTEXHHUKE) 9TO MOKET ChI'PaTh
xopornyo ciay:x0y [8].

O6a criocoba peaisalui akTHBHOM HATPY3KK UIPAIOT ellle OHY BasKHYIO POJIb: IIPU
UX [PUMEHEHUN Pa3pabOTUYUK MOXKET ObITh YBEPEH, UTO KACKaJ[ YCUJIUTEJIST HATIPSTKe-
HUS CMOKET 00€CIIeYnTh JOCTATOYHBINA BHIXOAHOM TOK /IS IMTAHUS BEPXHErO ILIeya
OKOHEYHOTO Kackama. Eciu 6bl B KauecTBe KOJUIEKTOPHON Harpy3KH HCIOTb30BAJICS
OOBIYHBII PE3UCTOP, TO MBI He MOIJIN Obl YTBEPKAATh 9TO HABEPHSIKA.

MoskeT TIOKa3aTbCsl HE CJUIIKOM OYEBUIHBIM, KaK IIPOBEPUTH, UTO TOT WJIA WHOUN
crocob yBeTMUYEHUsT KOJUIEKTOPHOTO MMIIEAHCA TPAH3UCTOPHOTO KacKaaa paboraer
MPaBUJILHO, HO HA JIeJIe 3TO JIOBOJBHO MPOCTO c/iesaTh. /LocTaTOYHO BCEro JIUIIb MO/I-
KJTIOYUTH MEKY KOJJIEKTOPOM TPAH3UCTOPA M MACCOM TIOZICTPOEUHBIN PE3UCTOP U yMe-
HBITATh COMPOTHUBJIEHNE TOCTETHETO 0 TEX TMOP, TOKa KO3GhMUIINEHT YCUIEHUS TI0
HarnpsikeHuo pu pazoMkHyToll OOC He cHusuTest Ha 6 1B — 9T0 GyAET TOKA3bIBATH,
YTO KOJJIEKTOPHBIN UMITEZIAHC CPABHSIJICS C COMIPOTUBJIEHNEM TECTOBOTO PE3UCTOPA.

YacTo wucrosb3yeMasi cXeMa YCHJIHTENsl ¢ aKTHUBHOW HArpy3Koill IOKa3aHa Ha
puc. 4.17a. Ona paboTtaeT JOCTATOYHO XOPOIIO, XOTsI BEJIMYMHA KOJJIEKTOPHOTO UMIIe-
JIaHca orpaHndeHa 3(pheKTUBHBIM BBIXOAHBIM COIPOTHUBJIEHNEM KACKa/a YCUJIUTES
HaIPSKEHUST U TPAH3UCTOPOB, NCTIOJIb3YEMBIX B CXeMe UCTOUHUKA ToKa [9] (apyrumn
CJIOBaMH, POJIb OTPaHUYMBAIONIETO (paKkTOpa 371eCh BBITOIHSAET 3 dexT Ipin).

OOGBIYHO YTBEPIKAAIOT, YTO 9T CXEMA BBIIIOJIHSIET POJIb HCTOUHUKA TOKA JIJIsi OKOHEY-
HOTO KacKajia, HO 3TO BEPHO JIUITh OTYACTH. BaskHO MOHMMATBD, 9TO KaK, TOJbKO KOHTYP
MmectHoii OOC Oyzer 3aMKHYT HMOAKIOYEHHEM 6a3a-KOJJIEKTOPHOIO KOHIEHCATOPA,
CKOPOCTb TajieHust Koa(duimenTa ycuaeHus (s 9acToT, JIEKAIMX BbITIE YaCTOTHI
rrepBoro noJiioca P1) cocraBur 6 1b na okraBy. Ha yactore 10 kI'11 Tunnunoe 3navenve
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BBIXOZTHOTO MMIIEITAHCA COCTABHUT BCETO HECKOIBKO KOM, UTO SIBHO HEZOCTATOYHO JIJIST
TOrO, YTOOBI MOKHO OBLIO TOBOPUTH 0O UCTOUHUKE TOKA.

Ha posb uictounuka Toka GoJiee MOAXOAUT CXeMa ¢ KOMIIEHCAIIMOHHONW 0GpaTHOMI
CBSI3bI0 B KOJUIEKTOPHOI 1tenu (cM. puc. 4.176), HecMOTpsI Ha HEKOTOPYIO CTapOMO-
JIHOCTb. JTA CXEMA TO/[BEPTAJIACh KPUTUKE M3-32 CBOETO 3aMe/IJIEHHOTO BOCCTAHOBJIE-
HISI TTOCJTE TIO/[aY¥ CUTHAA GOJIBIIION aMILTUTY/IBI; aBTOP HE MOJKET YTBEPKAATH 3/1€Ch
YTO-TO HABEPHSKA, HO OIMH HEIOCTATOK Y JAHHOM CXeMbl, HECCOMHEHHO, MMEETCS: Ha
HU3KUX 9aCcTOTaX KOahhUIMEHT ycuaeHust cxemsl ipu pazomkuytoit OOC 3aBucur ot
COTIPOTUBJIEHUS HATPY3KK ycuautessi. DddextuBHocTh Komrencanmonnoit OC cyrtie-
CTBEHHO 3aBUCHUT OT TOrO, HACKOJBKO TOYHO KO3GDOUIIMEHT Tepesavrl OKOHEYHOTO
Kackaja OJIM30K K eJMHUIIE; OJJHAKO HAJTUYKe PE3MCTOPOB B OMUTTEPHOU IIEMTU BBIXO/-
HBIX TPAH3UCTOPOB 03HAYAET, YTO B OKOHEYHOM KACKAaJle MMEIOTCSI IOTEPU yCUJIEHHUS,
3aBUCAINE OT CONPOTHBJIEHUS Harpy3ku. CiemoBareibHO, 3(pheKTUBHOE 3HAUECHIIE
KOJIJIEKTOPHOTO MMITEIAHCA B KACKa/le YCUJIUTEIS HAIPSKeHUs (a BMECTe C HUM U TJIy-
6utna OOC) quHAMUYECKN U3MEHSIETCS [IPU KOJIEOAHMSIX UMITEAHCA KATYIIKH TPOM-
KOTOBOPHTEJISI, 3ABUCSIIIETO OT YPOBHS CUTHA/A U ero TeMGpa. [Ipu oueHb HU3KUX 3HA-
YeHussX uMInenanca Harpysku (Hanpumep, 2 OM) moTepu yCuUJIeHUS] B OKOHEYHOM
KacKajie MOTyT OBITh OUEHDb BEJWKW. BeposiTHO, UMEHHO 3TO U SIBISIETCST HACTOSIIIEN
MPUYUHON TOTO, YTO Pa3zpabOTUUKKH OTKA3BIBAIOTCS TPUMEHSITh KOMITEHCAIIMOHHYIO
06paTHYIO CBsI3b B CBOMX YCUJIUTEIISX.

VMeetcst y cxeMbl Ha puc. 4.176 1 eliie OUH HEOCTATOK: 9TO HAJMUIE TIOCTOSTHHON
COCTaBJIAIONIEN TOKA B KACKa/le YCUJIUTEN HANPSKEHUST U, KaK CJIe[ICTBUE, HATUJIe
Mapa3uTHOTO HATIPSKEHWST CMEIEHNs, 3aBUCSIIEr0 OT HANIPSLDKEHUST HICTOUHUKA TTHTa-
HUS, a UCIOJIb30BaHUe KaKUX-I1O0 MEeTONOB cTabuin3anuy pabodeil TOUKM TPaH3M-
CTOpa CYMIECTBEHHO YCITOKHUIO GBI CXEMY.

MeHee u3BeCTeH APYroil crocob peasrsanui KOMIEHCAIIMOHHONW 00paTHOI CBSI3H,
TO3BOJISTIONIEN TIOBBICUTh 3(D(hEKTUBHOE COTPOTUBIIEHNE B 1Ieru KoyiekTopa (puc. 4.17e).

4.19. JinHeapu3sauma ycunutens HanpsdkeHns

CylilecTByeT HECKOIBKO Pa3JIMYHBIX METOOB CHUKEHUS KO3 (DUIIMEHTA HETUHEWHBIX
UCKa)KEHUH, TeHEPUPYEMBIX B KAaCKajle YCUJIUTENsI HATPSKEHUsS, HO HA IPAKTHKE
CaMBI ITPOCTON U3 HUX 3aKJIIOUAETCS B TOM, YTOOBI yBeJUUUTh ryouny MectHoit OOC
IIyTeM yBeJUYeHs eMKOCTH Oa3a-KoJuieKTopHoro kougercatopa. @opmyuia (1) riass
3 1OKa3bIBAET, YTO BeJUUMHA KOI(DUIIMEHTa YCHIeHNsT HA HU3KUX 4acToTax (TO €CTh
KOT/Ia BJIVSTHUEM 9TOTO KOHIEHCATOPA e1lle MOYKHO TTPeHeOpeds) HAXOIUTCS KaK TIPOU3-
Bejierre koadbduilmenTa nepeayn BXOJHOTO KacKa/ia, KoadbuIireHTa mepeiadn Toka
6aspr TpansucTopa TR4 n BeImanHbI KOJLIEKTOPHOTO MMIIeanca R B Kackaje ycumm-
TeJist HanpsukeHwst. [TocieHue jiBa TapaMeTpa BAMSIIOT Ha KOI(DGbUIIMEHT YCUTEHST
BTOPOTO KacKajia ¥, CJIeI0BATENHHO, MECTHAST OOPATHAS CBSI3h MOYKET OBITH yIIybieHa
[yTeM yBeudeHus1 iro60ro u3 Hux. HamomuwuM, uro riybuna o6mieit OOC Ha BBICOKMX
YacTOTaX OCTAETCS HEM3MEHHOI, TOKa He U3MeHeHa eMKOCTh 6a3a-KOJJIEKTOPHOTO KOH-
JEHCATOPA, TI0ITOMY CTAOMIIBHOCTD YCUTUTENST HE YXY/IITAETCSI.

Koaddunment nepenaun Toka 6a3bl MOKET GbITh YBEJIUYEH MYTEM UCTIOIb30BAHUS
COCTAaBHOTO TpaH3ucTOpa (WM, IPYTHMHU CJIOBaMHU, TIYTEM BKJIHOUYEHUS SMUTTEPHOTO
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TTOBTOPUTEJIS TIEPe]] OJMHOYHBIM TPAH3MCTOPOM, KaK MOoKa3aHo Ha puc. 4.178). Becerna
TpebYeTCsT XOPOIIO MOYMATh, TPEK/IE YeM T0OABUTD e1lle OJINH KACKA/ B CXeMY YCUIII-
TeJIst ¢ 001melt 06paTHON CBSI3bIO, BElb HTO TPUBEJET K JOMOJTHUTENLHOMY (hasoBOMY
CHBUTY W, CJEIOBATEIbHO, YXYANIUT €ro cTabuIbHOCTh. [loaToMy Jydiie 100aBJIsATh
HOBBII Kackaj BHyTpu KoHTypa MectHoi OOC, o6pasoBaHHON (a3a-KOJIEKTOPHBIM
KOHJIEHCATOPOM, TOT/[a HOBBIX TIPOGJIEM, CKOPEE BCETO, He BO3HUKHET. [0BOPsT 0 cXeMe,
NoKazaHHOH’ Ha puc. 4.17B, 0OBIYHO YTBEPHKIAAIOT, YTO AOTIOJHUTETBHBIN IMUTTEPHBII
[IOBTOPUTEJIb BBIIIOJIHSIET POJib Oydepa Mex1y BXOAHbIM KackazoM ¥ M3 u kackazoMm
YCUJTUTEJIS HAMPSKEHNs, HO Ha caMoM Jiesie ero (hyHKIuS — yeuauTh mectHyio OOC,
o6paszoBanHy0 6a3a-KOJIEKTOPHBIM KOHIEHCATOPOM, U TEM CaMBIM JIOOUTHCS 6OJIb-
TIeft TMHEHHOCTH KacKajia YCUIINTeNs] HallPSKeHHUSI.

Jlpyroii cocob MOBBIIEHNsT KOJJIEKTOPHOTO UMIIE[aHCa — UCIIOJIb30BAHUE KACKO-
JTHOTO BKJIIOUEHUSI TPAH3UCTOPOB, Kak Nokaszano Ha puc. 4.17r. K coxkanenuio, kacko-
JTHAs cXeMa JIeHCTBUTEIbHO M0JIe3Ha, TOJIBKO eCIIH ee Harpy3Ka He SIBJISIETCS] 3aMEeTHO
HEJIMHEWHOH, HO BXOAHOE COMPOTUBJIEHIE OKOHEYHOTO KACKa/[a, PAOOTAIONIETO B PEKHU-
Me KJacca B, Bpsza 1 MOKHO Ha3BaTh JMHENWHON Harpyskoi. Ha MraoBenme mpesro-
JIOYKUM, UTO MBI PEHINJIN Ty TPObIIeMy, TU6O0 UCIIONb3YsT OKOHEUHBII KacKa/[ Kaacca A,
60 ycTaHOBUB Gy(PepHBIN KacKal MKy YCUIUTETEM HAMPSIKEHUST U OKOHEYHBIM
kackagoM. Torma mamenenve sHaueHust KHU Gyner 3ameTHbiM. XOTSI yBeJUYEHUE
k09 uUIMEHTa YCHIEHUS B KACKOAHOI cxeMe orpaHudeHo s dextom Ipiu (B 0601x
TPaH3MCTOPaX CaMOTo KacKo/a, a TaksKe TPAH3UCTOPaX, Ha KOTOPBIX BHITTOHEH HCTOY-
HUK TOKa B KOJIJIEKTOPHOI HArpy3Ke), a eliie O0JIbIIle — BXOAHBIM COTIPOTHBJICHUEM CJIe-
IIYTOIIEro Kacka/ia, HO JIBe BepXHUe KPUBbIe HA pHC. 4.19 1mMoKa3bIBaloT, 4TO BEeIMYNHA
koadduirenTa HEMIMHENHBIX NCKAXKEHUI HA BBICOKUX YaCTOTAX CYIIECTBEHHO CHIKA-
€TCs [IPU UCII0JIb30BAHUM KaCKOAHON CXeMBbl BKJIIOYEHUS TPAH3UCTOPOB. 3/1€Ch B OMUT-
TEPHOM 1IeNN TPAH3UCTOPOB BXOAHOTO Au(depeHITNAIbHOTO YCUIUTENS UCITOIb30Ba-
such pesucropbl HomuHagaoM 100 Om, urtobbl npeobiagaia HeJIMHEHHOCTh BTOPOTO
KacKaja. 3aMeTHM, 9TO B 000MX CIyUasX HAKIOH XapaKTEPUCTUKHU cocTaBisieT 6 1B Ha
OKTAaBY.

AUDIO PRECISION APLASISS THD+N(%) vs FREQ(Hz) 29 APR 93 18:37:06
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Hwxnsa kpusas wa puc. 4.19 nmokaseiBaet 3aBucuMocts 3HadeHnss KHU ot yactotst
B CJIy4ae, KOrjla B TIEPBOM KacKajie MCIOIb3yeTcst 00bIUHbIIN MuddepeHIMaIbHbIi yeu-
JTesb 6e3 HMUTTEPHBIX PE3UCTOPOB, 2 BO BTOPOM KaCKaJle — KaCKOAHOE BKIIOYEHUE
TPaH3UCTOPOB. Kak BUAHO, TIOYTH BO BCEM ayauojuamna3oHe Koa(phUIueHT HeTmHed-
HbIx uckaxkennii He npesbimaet 0,001%. [loaToMy MOXKHO yTBEPKAATH, UTO TIEPBBIE JBA
kackaga YM3U (a BMecTe ¢ HUIMU U TIEPBBbIE JBA MCTOYHUKA MCKAKEHUN U3 CIIHCKA,
MIPUBENIEHHOTO B TJIaBe 3) He TPECTABJISIOT JIJIs Pa3pabOTUMKa CePhe3HOI TIPOOIEMBI.

Kpome Toro, kackofiHast cxeMa YCUJIUTENS TI03BOJISIET UCIIOJIb30BATh TPAH3UCTOPHI
¢ GoJIBIIMM 3HAYeHHeM KoadhuIeHTa mepegadn Toka 6asbl (00BIYHO cymepbeTaTpaH-
3UCTOPBI UMEIOT HEOOIIBINOE IOMYCTUMOE HATIPSIKEHNE KOJIIEKTOP—3MHUTTED, YTO BBI3bI-
BaeT TPYJHOCTH TIPU UX UCTIOJb30BAHWY B TPAAUIITMOHHON CXeMe YCUTUTEIST HAalpsiKe-
HUSI, TaK KaK HalpPsDKeHHe NCTOYHUKA [MTUTAHMs OOMBIMUHCTBA KadecTBeHHbX Y M3U
TSI 9TOTO CJIUIIKOM BEJINKO). B ciryuae MCHop30BaHMs KacKoJa MbI TePsieM B MaKCH-
MaJIbHON aMIJINTY/Ie BBIXOJHOTO CUTHAJA, HO 3TU TOTEPU He TaK YK BEJIUKU — BCETO
0k0J10 300 MB 1 00BIYHO € 9THM MOXKHO MUPHUTHCSL.

UYTo KacaeTcst CXeMbl UCTOYHUKA TOKA B KOJIJIEKTOPHON HArpy3Ke YCUJIUTENS Hapsi-
JKEeHUsI, TO KCIIEPUMEHTBI TIOKA3bIBAIOT, YTO KACKOJHOE BKJIIOUEHKE TPAH3UCTOPOB TaM
He JJaeT KaKOTO-TMO0 3aMETHOTO BBIUTPHIIIA B YCHJICHHH.

Kackoj 4acTo UCIoIb3yeTcst, 4TOOBI YIYUIIUTD YACTOTHYIO XapaKTEPUCTUKY, TAK KaK
OHa TI03BOJISIET U30JMPOBATH KOJIJIEKTOP BEPXHETO TPAH3UCTOPA OT (6a3a-KOJJIEKTOPHOIT
€MKOCTH 0GPaTHO-CMEIEHHOTO P-N-TIepexo/ia HIKHEro TpaH3ucTopa. B aToM cirydae
AYX kackaja MmoJHOCTBIO OTPENEISETCS EMKOCThIO 6a3a-KOIJIEKTOPHOTO KOHIEHCATO-
pa Cy. DT0 X0pol1I0, Tak Kak 6a3a-KOJJIEKTOPHASI eMKOCTb TPAH3UCTOPA 3aBUCUT OT MHO-
rux (pakToOpoB, B TOM YHCJIE U OT YPOBHS YCUJINBAEMOIO CUTHAJIA, & EMKOCTb KOH/IEHCA-
Topa PUKCHPOBaHA.

TpymHO TOpEKOMEeHI0BaTh KaKOI-TO OJINH U3 OITMCAHHBIX 3/1eCh METOIOB YJIyUIICHUS
XapaKTEPUCTUK YCUJIUTENS HanpsikeHust. CxeMa ¢ 9MUTTEPHBIM MOBTOPHUTEIEM UyThb
ITPOIILE, YeM KaCKOJI, KOTOPBIN TpeGyeT AOMOTHUTEIBHBIX TACCHBHBIX KOMIIOHEHTOB JIJIsI
[IO/IAYM HATIPSDKEHUSI CMEIeHUsT Ha BTOPOU TPAH3UCTOP, HO CTOMMOCTD THX JIOMOJIHM-
TeJIbHBIX KOMITOHEHTOB HIUTOKHA 110 CPAaBHEHUIO CO cTOMMOCThIO Bcero Y M3Y. Creny-
€T IOMHUTb, YTO CTOUMOCTDH MAJIOCUTHAJIBHOTO TPaH3UCTOPa 00BbIYHO pa3 B 50 MeHBIIIE,
yeM y TPaH3UCTOpa, MPUMEHIEMOTO B OKOHEYHOM Kackane Y M3Y; Bce MaocurHamb-
HbI€ KaCKaIbl C yCTAHOBJIEHHBIMU B HUX 9JIEMEHTAMU COCTABJISIIOT OKOJI0 1% cTommocTu
Bcero YM3U.

4.20. bydepuposaHue

Kax yxe 00BSCHSIIOCH, B CXEME YCHJIUTEST HATIPSKEHUST BAXKHO, YTOOBI 3HAYEHTE KOJI-
JIEKTOPHOTO MMIIeIaHca ObIJIO BLICOKO M He 3aBHUCEJIO OT KaKUX-TUHO BHENTHUX (haKkTo-
poB. [ToaToMy ABYXTaKTHBIN OKOHEUHBIN KacKaj Kiacca B — caMblil TIITOX0I BapuaHT
HArpy3KW /I HAIIETO YCUJIUTEJIs, TaK KaK TPAH3UCTOPbI OKOHEYHOTO KAaCKajia B 3TOM
caydae paboTaioT OOYEPEHO U B MOMEHT UX MEPEKITIOUEHNUST BXOTHOE COTIPOTHBIICHIE
OKOHEYHOro Kackaja (Urpaiollee poJib HArpysKM JJIS KacKaja yCUIUTesd Hallpske-
HUA) cyllecTBeHHO MeHseTcs. [loaTomy faske yIMBUTENBHO, YTO MIPU HOAKJIIOYEHUN
OKOHEYHOTO Kackajia, obecrmeymBaionieM BBIXOAHYI0 MomHocTh 100 BT Ha marpysky
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8 Owm, 3rauenne KHU ycummrens Ha gacrore 1 k't yxymamaercst ¢ 0,0008% Bcero b 10
0,0017% (moro 661 6bITh 1 Xyske!). Onaako npu ymenbiernu rayouas OOC addekT ot
HETOCTOSTHCTBA BXOHOTO COTPOTUBIEHHST OKOHEYHOTO KACKa/[a CTAHOBUTCS HoJIee 3aMeT-
HBIM, 0OCOGEHHO Ha BBICOKUX dacToTtax [10].

Bycep nepe/i OKOHEUHBIM KACKAJIOM JIAeT HAMOOJIee 3aMETHBII BBIUTPHIIIL ¢ TOUKH 3PEHUsT
Mastoro 3Hauernst KHU, korma octaTtouHo MUHNMIBUPOBAHBI NCKaKEHIST HA HIBKUX YaCTOTaX,
TaK KaK B 9TOM CJIyJae B 3HAUMTETLHON MePe YCTPAHSETCS YeTBEPTBIN NCTOYHUK HETTMHEHHOCTH.
JlBa B paBHOIi creneny addeKTHBHBIX criocoba OyheprpoBaHus ITOKa3aHbl Ha puc. 4.177€.

ITpu ucrosb3oBaHuU OY(hEPHOTO KacKaaa MbI [OJyYaeM €Ille OJUH BBIUTPBIII: MIHH-
musupyercst apdekT paccormacoBanust KoahPUIMEHTOB Tiepesiau Toka 6a3bl TpaH3U-
CTOPOB, YCTAHOBJIEHHBIX B Pa3HBIX ITIedaX ABYXTAKTHOTO OKOHEYHOro kackazaa [11].
Kpome Toro, npu ucnonbzoBaruu Gydepa BXOAHBIM CUTHAJIIOM JJIst OKOHEYHOTO KaCKa/a
SIBJISIETCST HATIPSIKEHUE, TIPH HTOM CJIEYeT OKUAATE YTy qIeHHsT CTAGUIBHOCTH Y CHITHTE-
Jist GJ1arofiapst TIOBBINIEHUIO YaCTOThI €MHUYHOTO YCUJIEHUST BBIXO[HBIX TPAH3MCTOPOB
(XOTsI CIIPABEIIMBOCTH PAJH CJEIYET CKA3aTh, YTO aBTOP HE PACIIOIAraeT KaKUMHU-T60
AKCIIEPUMEHTATTBHBIMI TTOATBEPKICHUSIMI TAHHOTO YTBEPXKAEHUS ). [lomOSTHUTENbHBIN
(haz0BbIil CZIBUT, BHOCUMBIil B YCUIUBAEMbIi CUTHAIOM Oy(hepHBIM 3MUTTEPHBIM TIOBTO-
puTeNeM, He TaK YK BEJHK, MOITOMY KaKUX-THOO JOTIOJHUTENBHBIX HEMPUSITHOCTEN
u3-3a rcnoJb3oBanus o6meil OOC Ha IpakTUKE 0KUIATh He IPUXOIUTCS.

Ha puc. 4.20 nokasano, kakoii acdekt Ha auHeltHOCTh Y M3Y okasbIiBaeT UCIOb-
3oBaHue Gy(hepHOTO KACKaza B CJydae, KOT/a B CXeMe YCUJIUTE IsE HAlTPSKEHMsI TIPUMe-
HeHa KacKozHas cxeMma (BbIxofHast MoiqHocth Y M3Y cocrasiger 100 Bt npu pabote
Ha HarpysKy comnpotunieraueM § Om).

AUDIO PRECISION THD THD+N(%) vs FREQ(Hz) 20 JAN 93 20:38:02
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MMHUMM3UPOBAHDI)
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K BbIXOOHOMY
Kackagy

4,7 KOMD 4,7 KOMI;] 100 OMD

K BbIXOOHOMY
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Puc. 4.21. BoamoxHble BAPMAHTLI UCMIONHEHMS NEPBLIX ABYX KACKOAOB
YM34. Cxema 1 xapaktepusyetcs 60nbwmm 3HaueHUeM koabpuum-
eHTa ycunenus npu pasomkHytol netne OOC, Ho nMHeMHOCTb Cylue-
cTBeHHo He ynyywaet. Cxema 2 npegnoxena Jlenaepom (Lender)

4.21. C6anaHCMpOBaHHbIV YCUNUTENb HanpsHKeHUs

s camxenust KoaddunmenTa HeTMHEHHBIX NCKaKEHU BO BTOPOM Kackazne Y M34
TOKe MOKHO MCITOJTb30BaTh (Kak U B TepBoM) nuddepeHiinaibibiil ycuaurenb. /[Be
BO3MOJKHBIE CXeMBI IIpuBeieHbl Ha puc. 4.21. I[lepsas npencrapisier co6oii CIBOEHHBII
nuddepeHIMaTbHbII YCUTUTETh € KOMILUIEMEHTAPDHBIMU TPAH3UCTOPAMH M JIaeT
BeIUTPBII B yeusiennu nipumepHo 10 nb (mpu pazomknyToit OOC), HO /115 coxpaHe-
HUSI TPAHMIBI CTAOMIBHOCTH TPeOyeTcsl yBeIMYeHNUsT HOMUHAMA KOMIICHCUPYIOIIETO
konziencaropa Cy. Bripouem, 5Toro c/ie10Bajio 1 05KU/IaTh: BbIIE YK€ FOBOPUJIOCD, YTO
yIIy4IleHre JMHEHHOCTH JOCTUTAETCS TIyTeM YBeJNueHMs KoahhuImenTa ycuieHus
[IPY PA30OMKHYTOM KOHTYPE OTPUIATEIbHON 0OPaTHO CBSI3U, UTO TIPH €T0 3aMbIKAHUN
TpebyeT MPUHATHS Mep M0 CTabMIN3AIUN CXEeMBI Ha BBICOKMX YacToTax. Ho mosyuae-
MBIH BBIMTPHIII HE TaK YK BEJUK, BeJb KaK MBI YK€ 3HAeM, B MPABUJIBHO CITPOEKTUPO-
BarnHoM Y M3Y BKJIaj Kackajia yCUJIUTE s HAPsKEHUs B o0lee 3HadeHre Koaghdu-
[UEeHTa HeJTMHEHBIX NCKaKeHNH TOCTATOUHO MaJL.



4.22. LLIWPUHA NMOJIOCbI MPOMYCKAHUS NMPU PASOMKHYTOM OOC [1719

Kak nokazano Jluncoau-Xyzaom [ 12] BemmumHa TOCTOSTHHOTO TOKA Yepe3 UICTOUHUK CMe-
IIEHUS B TIEPBOIi cxeme Ha prc. 4.21 olpe/iesieH He TaK TOYHO, KaK B OOBIYHOM cxeMe ycu-
JIMTENIS HAMIPSKEHUS ¢ UCTOYHUKOM TOKA (TOYHO TaK JKe, KaKk GalaHCUPOBKA OOBIMHOTO
b bepeHITMATLHOTO KacKa/a, OUYeBUIHO, OY/IET XysKe, 4eM B CXEME C TOKOBBIM 3epKa-
JioMm). JIpyrast TpyIHOCTh 3aKJIIOYAETCSI B TOM, UTO TEIEPhb /JIsl CUTHAJA, CHUMAEMOTO C
BBIXO/IOB MTEPBOTO KACKA/Ia, IMEETCsT /IBA TTYTH U BPSIZL JIX MOKHO YTBEPIKIATD, YTO 00 OHU
HUMEIOT OZIHY U TY 3Ke TI0JIOCy TpotrycKkanus. Eciu aTo He Tak, TO mepefaTouHast XapakTe-
pucruka ipu pasoMkHyToM KouType OOC Gyzier MMeTh JBa HeCOBMaaoNumx Habopa
TIOJIIOCOB W HYJIEH, B pe3yJIbTaTe Yero YBEJIUYHUTCS BPeMsI YCTAHOBJIEHUS MEPEXOHOTO
poriecca.

Bropast cxema Ha puc. 4.21, o yreepxaenuto bopbenu [13], npunamiesxut Jlenaepy.
Omna He obecrieyrBaeT TOYHYIO OAIAHCUPOBKY Mu(PepeHInaIbHOTO KaCKala, TaK Kak
MOJIOJKEHVE PABHOBECHST 3aBUCUT OT HOMUHAJIOB PE3UCTOPOB, (Ga3a-dMUTTEPHBIX HATIPS-
JKEHHUI TPAH3UCTOPOB U JPYTUX (hakTopoB. BopOesu omuchIBaeT jBa BapuaHTa yJIydliie-
HUIl JAHHOI CXeMblI, OHU JIOBOJIBHO CJIOKHBIE, TI03TOMY 3/IECh HE IPUBOJIATCSI, K TOMY Ke
HE COBCEM SICHO, B YeM UMEHHO 3aKJIIOUAIOTCS VX TTPEUMYIIIECTBA.

B03MOKHO MHOKECTBO JIPYTUX COATAHCUPOBAHHBIX CXEM PEAIM3AIMU KaCKaJIa yCHIIIH-
Tesis HampsikeHwst. Boobire, atot Bompoc TpeGyer Gosiee TIATETLHOTO PACCMOTPEHVS,
4yeM HPUBEIEHHBII 3/1ech KpaTKuii 0630p. TToskainyii, 060 Bcex cXeMax TaKOro Pojia MOKHO
YTBEPIKIATH, YTO TIPU X UCTIONB30BAHUH BCET/IA BOSHUKAIOT JOMOJHUTENBHBIE TPOOIEMBI
¢ GamancupoBKoit BXOMHOTO MuhhePEHITATPHOTO Kackala, KPOMe TOTO, TOK, TEKYIInit
yepe3 MCTOYHUK CMeIeHVs, He orpeseneH TouHo. Ho crmpaBemmBocT pamu cienyer
3aMETUTh, YTO UMEETCS M OHO IPEUMYIIIECTBO; ITPU UCITOJIb30BAaHUH COATAHCUPOBAHHBIX
KacKa/[0B YCUJIEHHS HAIIPSIKeHMs obecIiednBaeTcst GOJIbIIIIA TOK Yepes Gasza-KOJLIEKTOpP-
Hblit Konzencatop Cy, 4To JO/DKHO yIydllaTh TaKHe HapaMeTpPbl yCHIUTENsI, Kak MaKCU-
MaJIbHAsl CKOPOCTb W3MEHEHWSI BBIXOJHOTO HAMPSKEHWS W JIMHEHHOCTb HAa BBICOKUX
YacTOTax.

4.22. LLinpuHa nonocbl nponyckaHus npy pasomkHyTon 00C

Kak yke MOT ZoTafaThCsl TIPOHUIIATEBHBIN YUTATEIb, YBEJIUYUTH YACTOTY OCHOBHOTO
rosmoca P1 MoXHO, ecsii yMeHbITUTH KO3 (DUITMEHT yCUIeHNsT HAa HU3KUX YacToTax (TIpu
pasomknyToii retsie OOC), 0ocTaBUB HEM3MEHHBIM €T0 3HAUCHUS HAa BBICOKUX YaCTOTAX.
ITOT €110cob MPOUJLTIOCTPUPOBAH Ha puc. 4.22. 3nech KO3hMOUIMEHT YCUTEHUST HAa HI3-
KHX YacTOTaxX IMOANEPKIBAETCS TIOCTOSTHHBIM, a HA BBICOKHUX — IaJaeT ¢ BO3PACTAHUEM
YaCTOTBI C TIOCTOSTHHOM CKOPOCTHIO.

Pazymeetcs, Jrydiiie, eciv CIIPOEKTHPOBAHHBIH YCUIUTETh GY/IET METh MOCTOSTHHBIN
koaddunmert ycunenust (npu pazoMkayToM KoHType OOC) BIIIOTH 10 YacToThl 2 K1,
ueM, ckaykeM, /1o yactoThl 20 T't, HO Ha caMoM Jiesie B 000UX CIydasix pedb WeT MpaKTHde-
CKH1 00 0ZIHOM ¥ TOM ke YM3Y, 3a UCKJII0YEHUEM TOTO, YTO BTOPOIA MMeeT GOJIbIINIA 3a11ac
YCHJIEHHSI HAa HU3KUX Y9acTOTaX, 4eM BTOpoil. Ha BRICOKUX 4acToTax 062 yCHIUTEIST XapaK-
TEPU3YIOTCS OHUM U TeM ke 3HauenueM rayonasl OOC (HATIOMHUM, 4TO UMEHHO HTOT
rapameTp OTIpe/ieJisieT BO3MOXKHOCTD JmHeapu3aiun Y M3Y 1 TeM caMbiM CHUKEHUS 3HA-
yenrss KHU) u, BO3MOXKHO, OJITHAKOBYIO MAaKCUMAJIbHYIO CKOPOCTb HAPACTAHMS BBIXOI-
Horo curHasia. Ho Bropoit YM3Y Gyzet obmagath GoJIbIiell HHEPIIHOHHOCTBIO,
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100 nb

80 nb

60 nb

KoaddnumeHT ycunenms
¢ pasomkHyToii OOC, nb

IS
o
=)

w2}

20y, 200 Iy, 2y, 20 kl'y,
R1 YactoTa

Puc. 4.22. Ysennuenue yactotsl ocHosHoro nostoca P1 nytem ymeHbue-
HUsl KO3PPHULMEHTA YCUNEHMUS HO HU3KMX YacToTax npu pasomkHyTon OOC;
Npu 3TOM TOKWE NAPAMETPbI, KAK KOIGOUUMEHT YCHNEHWS HO BBICOKMX
4OCTOTAX, BAMSIOLUMM HO CTABMABHOCTL YCUNUTENs, a Takxe Ko3bduuueHT
HENUHENHBIX UCKAXEHUH HO BBICOKUX YOCTOTAX OCTAIOTCS HEU3MEHHBIMM

BbixogHowm
Kackap,

Yeunnutens

OT BXOQHOIO Hanps>XeHns

Kackaga

BbixogHom
Kackap,

Yeunnutenb

OT BXOQHOIO Hanps>xeHns

Kackaga

6)
Puc. 4.23. [lea metopa cHuxeHWs KodapdULMEHTA ycuneHus npu
pasomkHyTon netne OOC:

a) CHUXeHWe CONPOTHBAEHMS B LIENM KONNEKTOPA NOAKIIOHEHUEM LY H-
TMPYIOLLEro Pe3ncTopa (He camblif Nyywmi cnocob, TaK KaK NPUBOAUT
K ycuneHuio konebaHuit KONNeKTOPHOro TOKA W, KK CeACTBUE, K YBEnM-
YEHMIO UCKAXEHMH);

6) mectHas OOC, BBOAMMAs C NOMOLLBIO PE3MUCTOPA, MOAKNIOHEHHOTO
napannensHo 6a3a-KoNNeKTOPHOMY KOHAEHcaTopy (3ToT cnocob Moxet
noKa3aThCs CAMWKOM rpy6biM, HO OH faeT Xenaembiit 3¢ dekT)
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TeM He MeHee, B KOMMEPUYECKUX PaspaboTKax MOJKET OKa3aThCsI IOJI€3HBIM OITMCAHHBII
€11ocob CHSKeH st Koa(hHIlMeHTa yCUIeHns: Ha HU3KuX dactorax. CyGheKTUBUCTHI CTpe-
MSITCSI K 3TOMY, MCXO/ISI U3 CBOUX JOTMATUYECKMX YTBEPKIAEHHUH, XOTS C TOYKU 3PEHUS
HHKeHePa 9TO He JaeT KaKuX-T00 MPEUMYIIECTB, KPOME TOTO, CJIEAYET IOMHHTb, YTO CHH-
sxerre Koa(pUIenTa YCUIeHNS Ha HUKHIX YaCTOTAX IPUBOLUT K YMEHBIIEHHIO TTyOu-
Hbl OOC, a 9T0 eIMHCTBEHHOE OPY KKE Pa3pabOTUNKA IIPOTUB HEJIMHEIHBIX NCKaKEHUIA.

Ha miepBblit B3I/, MOKHO JIETKO YMEHBIIUTD KO3(MMUITMEHT YCUIEeHNS, TIOBBICUB
COIPOTUBJIEHNE SMUTTEPHBIX PE3UCTOPOB B MuDhepeHInayIbHOM KacKae, HO 3TO JIaCT
oIMHAKOBbIN addekT Ha Bcex yacToTax. [loaToMy pazyMHee cOCPEIOTOUUTHCS HA BTO-
poM kackaze. Ha puc. 4.23 npuBeeHbl Ba BOSMOKHBIX CIIOC00A YMEHbIIEHMsT KO3(-
(urmenTa ycusieHus TOJBKO Ha HU3KHUX YacToTaX. B TiepBoil cxeme aTO JOCTUTAETCS
YMEeHbIIEHNEM KOJIJIEKTOPHOTO MMITefanca (KOTOPBIH MBI He TaK JaBHO CTPEMUJINCD
[IOBBICUTh, 3AMEHUB OOBIYHYIO PE3UCTUBHYIO HATPY3Ky MCTOYHUKOM TOKA ¢ OOJIBIINM
BHYTPEHHUM COTIPOTHBJEHUEM). J[aHHBII CIIOCO6 HE CIAMIIKOM XOPOII, TaK KakK IpPU
IIYHTUPOBAHUK BBICOKOIO HMIIEJaHCa MCTOYHUKA TOKA PE3UCTOPOM € HeOOJIbLINM
COTIPOTUBJICHUEM YBETMUUTCS KOJIeOaHIe TOKa KOJIEKTOPa U CYIIECTBEHHO BO3PACTYT
HeJIMHEHHble CKaKeHUs Ha HU3KUX yacToTaX. ONMUCAHHBIN cocob PEeKOMEHyeTcst
B [14], HO aBTOp coBeTOBAJ OBI €10 He TIPUMEHTh.

Bropoit Meton cuukenus Koadduiimenta ycuieHus Ha HU3KUX YaCTOTAX IPHU
pasoMmkHyToM KoHTYpe OOC 1okaszan Ha puc. 4.236; B ero 0CHOBe JIeXKUT JobaBiie-
nue B 1ertb MmectHoit OOC yacToToHE3aBUCUMOTO 3jieMeHTa. [Ipu 3TOM compoTuBIie-
HUe [MIyHTUPYIOIIEro PE3UCTOPA MOKET ObITh BHIOPAHO JOCTATOUHO GOJIBIINM, YTOOBI

Soundcraft. OLGAIN AMPL (dBr) vs FREQ (Hz) 08 JAN 93 21:23:38
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Puc. 4.24. Bnusuue conpotmenetus pesucropa mectHon OOC Ha
KO3 OUUMEHT ycuneHus npu pasomkHyTom KoHType obuwend OOC.
Yacrora ocHoeHoro nontoca P1 ysennunsaertcs ¢ 800 My go 20 klu, npu
3TOM KO3 ULIMEHT YCUNEHUS HO BbICOKMX 4ACTOTAX MPAKTUYECKU He
M3MeHsieTcs
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He Harpy»aTb KOJIJIEKTOP TPAH3UCTOPa, B pe3yabTaTe addexTuBHOCTh MecTHOI OOC
He yxyamraercst. Ha puc. 4.24 noka3aHo, Kak BJIUSIET BBIOOP COMPOTUBJICHUS PE3UCTO-
pa Ry Ha Koo dunmenT ycuieHus npu pasoMKHyToM KouType 0b1eit OOC. lau-
HBIH TpadWK UMeeT TOT Xe (opMar, 9To U B riiaBe 3 (BMeCTO caMoro KoadduimenTta
YCUJIEHUS 110 OCH OPIMHAT OTKJIAJIBIBAETCS PA3HUIIA HANIPsKeHui ). Bunno, uto gacro-
Ta ocHoBHOTO nosoca P1 ysemmunBaetcs ¢ 800 I'm (B oTcyTcTBME pe3ucTopa B Iienn
mectroit OOC) o 20 k' (mpu Ry = 220 kOm). Yro kacaercs koaddunuenTa ycu-
JIEHUST HA BBICOKUX YaCTOTAaX, TO OH IPAKTUYECKH HE U3MEHSIETCS, CIe[JOBATEIBHO, He
U3MEHsIeTCST U TpaHuila CTabuiIbHOU paboThl ycuimress. Xors riayouna OOC,
NOCTYIHAS [IJIsT IMHEeapu3aluu ycuanuTens Ha yactote 1 kI'1l mpu aToM CHUIKaeTcst
npuMmepHo Ha 20 n1b, HO 3HaueHUe KoadPuUIMeHTa HEMMHEHHBIX WCKaXXeHU (Tpu
HaIpSLKEHNN BBIXOAHOTO curHasia +16 n1b) ysemmuusaercs ¢ 0,001% TOMIbKO JUTIIH 0
0,0013% (rmaBHBIM 06PA30M U3-3a MIYMOB).

Jliist cpaBHeHwMs, ipu yMeHbIieHnn Koadduirnenta ycunenus va 10 ab ¢ nmomotpio
[IYHTUPOBAHKS KOJJIEKTOPHON HArpy3Ku (JJIs1 9TOTO MOTPEeGYETCss PE3UCTOP COIPO-
tuBseHneM 4,7 kOwm) suauenne KHU Bospacraer 1o 0,01%.

4.23. YnpaBneHue LWWAPVHON NONOCbI MPONyCcKaHUs
npu pasomkHyTomn 00C

Ecmm conporusnenue pesucropa Ryoe (eMm. puc. 4.326) cuusutb 1o 100 kOm, TO
[IOCTOSIHHBIH TOK, TEKYIIMN Yepe3 Hero, CTAaHOBUTCS CJIMIIKOM OOJIBLIMM, YTO CyIIe-
CTBEHHO HapyImaeT paboTy YCUIUTEIbHOTO Kackaaa. B pesysibrare HapyIaercs: baiaH-
CHPOBKa BXOAHOrO ArddepeHnnaibHoro Kackaua, cHiskaercs riayouna obmeit OOC u,
KaK CJIEJICTBIE, PE3KO BO3PACTAIOT HEJIMHEHbIE NCKaKEHHUsT. DTOTO MOKHO U30€KaTh,
eCJIn MOC/IeI0BATEIbHO € Pe3UCTOPOM R MOAKIIOUNTD HEIEKTPOIUTHYECKUI KOH-
JIEHCATOP A0CTATOYHO GOJMBIION eMKOCTH (0OBIYHO A0CTATOYHO 0KOJO 2,2 MKD, mpu
aroMm AYX Ha HU3KHUX YaCTOTaX CYIIECTBEHHO HE U3MEHSIETCS).

HenpusarapiM nocaeactsueM cHuKeHus: rayounsl obmeir OOC gsisgercs To, 4To
YM3Y cranosutcst 60Jiee 9yBCTBUTETBHBIM K HECTaGUIIBHOCTH HATIPSKEHUST I TAHUS
(cM. raaBy 8). UTo0bl IMOZABUTDH IIyJbCALMM IIATAIOIIETO HAIPSKEHUS, IPUXOAUTCS
WCIIOJIb30BaTh (PUIBTPHI B IIMHAX MUTAHWS TIEPBBIX BYX KackanoB ¥ M3Y. Ho na RC-
¢usbTpax masaet JOMOJHUTENBHOE HATIPSIKEHUE, B Pe3yJIbTaTe CHUKAETCS HaTIPsKe-
HU€e TTUTaHWS MAJOCUTHAJIBHBIX KACKAJIOB, CJEIOBATENbHO, YMEHBIIAETCS aMILTUTY/Ia
BbIXoHOTO curHama YM3Y. [Toatomy compoTuBiieHnEe Pe3nCTOpa, UCHOJb3YEeMOTO
npu pacuete RC-dunbrpa, crporo orpanuudeHo. /st CHUKEHUST TYJIbCAITUH OCTAeTCsT
YBEJIMYUBATh EMKOCTh (DUJIBTPYIONIEr0 KOHIEHCATOPa, HO 9TO MPUBOANT K yBeJIHde-
HUIO rabapuToOB ¥ CTOUMOCTH BCETO YCTPOMCTBA.

BMmecto TOro uto0bl pemath mpobieMy IMyJbcalluii <B JI00» — yCTaHOBKOK
RC-dunbrpa, — MOKHO YCJIOKHUTH CXEMY BXOJHOrO Kackaga (CM., HAl[PUMEP, PUC.
8.6), IIpu 5TOM HUKAKUX (UIbTPOB He II0TPeOyeTcs.

4.24. 3aknioyeHune

ITocne MIpOYTEHUA HCpBOI?I IIOJIOBUHbBI I[&HHOI?I TJIaBbI YUTATEJIb JOJIKEH OBLI IIOHATD,
4TO IMPOEKTHUPOBaHNE€ BXO/JHOTI'O KaCKa/da YM3U — ne takas YK JIeTKad 3a/iada, €CJIn
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TpebyeTcst OCTUYh HU3KOTO YPOBHSI MIYMOB, BEICOKYIO TUHEHHOCTD ¥ HU3KUN YPOBEHb
MIOCTOSTHHOM COCTABJISIONIEH BRIXOHOTO CUTHAJIA. XOPOIITUM BHIOOPOM IIPH 3TOM Gy /IeT
nudbepeHIUANBHBIN YCUINTENbHBIN KaCKal ¢ TOKOBBIM 3€PKAJIOM U 3MUTTEPHBIMU
pesucropamu (cM. puc. 4.96).

Bropas nosioBrHa ry1aBbl IOKa3aa, KAk MOKHO YJIYYIIUTh Xapaktepuctuku Y M34
IIyTeM TILIATEJbHOIO IIPOEKTUPOBAHMS KACKaJa YCUJIUTeJs HaIpPssKeHUs, B KOTOPOM
00ecIeunBaeTCsT BCe YCUIEHWE BXOIHOTO cUTHAMA. [Ipu 9TOM TIOKa3aHo, YTO BTOPOU
HUCTOYHWK MCKAKEHUIl, COCPEIOTOUCHHBIH B KacKajle YCUIUTES HATPSUKEHUs, OyaeT
[IPAaKTUYECKH YCTPAHEH MPH BHIOOPE KACKOIHOM CXeMbI ¢ aKTUBHOW HAarpy3Koil B Bujie
MCTOYHWMKA TOKA B I[EITM KOJJIEKTOPA U UCIIOJIb30BaHUN Gy(hepHOro Kacka/a nepes OKo-
HEYHBIM [IBYXTAKTHBIM YCUJIUTEJIEM, & TAK)Ke TPU TPUMEHEHUN TPAH3UCTOPOB C BBICO-
KM 3HaYeHueM KoaGhduIlnenTa repeaayn Toka 6aspl.
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MnaBa 5. OKoHe4yHbIN KacKap, |

5.1. Knaccbl ycuneHus

OOGBIYHO B OKOHEYHBIX KacKajaX MOJYIPOBOAHUKOBBIX Y M3Y UCIIONB3YIOTCS IMUT-
TepHbIE TOBTOPUTEJNIU, UMEIOIINE, KAaK N3BECTHO, eIMHNYHOE 3HaUeHne KoadduimenTa
YCUJIEHUS TI0 HATIPSKEHUIO. Pazymeercs:, MHOTIA pa3pabOTYNKU TPUMEHSIOT U IPYTHE
CXEMHbBIE PENIeHNsI, IePEKIaIbIBast HA OKOHEUHBII KacKaJl 4acTh BCell paboTHI 110 yCu-
JIEHUIO curHaja (CM., HallpuMep, UCTOYHUK [ 1], B KOTOPOM IIpe/iyiaraeTcs UCIoIb30BaTh
Kackaz ¢ Koapdumentom ycuienus, paBabiM 10), HO TakWe cxeMbl He MOJTYYIUIN
MUPOKOTO pactpocTpanennsi. OKOHEYHBINH KacKaJl U Tak yske paboTaeT Ha HU3KOOM-
HYIO HATPY3KY ¢ GOTBIITIM BBIXOHBIM TOKOM, OT HETO TPeGYETCST BBICOKASI THHEHHOCTD,
4T0OBI 0GECTIEUBATH HU3KOE 3HAYeHUE KOI(DPUIIMEHTa HETMHEHHBIX UCKAKEHUH, TaK
4TO OBLIO OBI CTUIITKOM TPEOOBATH OT HETO €llle U YCUJIEHWSI CUTHAJA.

IIpu paccMOTPEHMM MAJOCUTHANBHBIX YCUJMTEIBHBIX KaCKaZ0B MbI 00CYKIAIN
B KaJK/IBIIi MOMEHT BPEMEHH TOJBKO UCKAKEHUST OJIHOTO THIA. ITO ObIIIO BO3MOXKHO OJ1a-
rofapst TOMy, 4TO KacKajbl [IPEIBAPUTEIBHOTO YCUIIEHNUS, KaK MpaBmio (HO Heobsi3a-
TesibHO [2]), paboratot B peskume kiacca A. CooOpaskeHUsT SKOHOMUYHOCTH U HEOOXO/IH-
MOCTb PacCenBaHst GOIBIION TEMIOBOI MOIHOCTH TPEGYIOT MPUMEHEHHST B OKOHEUHBIX
KaCcKa/lax MOIIHBIX YCUJIHNTeJNel peknMoB kKiacca B. Iloatomy Tenepb Ham mpuzaeTcst
KMETbD JIeJIO B TOM YUCJIe ¥ ¢ UCKAKEHUAMHU THUIIA «CTYIIeHbKa» (/10 CUX IIOP 3TO OCTaeTcs
OJTHOM M3 caMbIX OOJIBINNX pobJeM mpu poektuposarnn Y M3Y9) u apdexramu, cBsi-
3aHHBIMU C MHEPITUOHHOCTBIO 3aITMPAHNS TPAH3UCTOPOB HA BBICOKUX YACTOTAX.

Kpowme toro, npu npoexkruposanun Y M3Y paspaboTuuK J0JKEH PEIINTD, TPAH3H-
CTOPBI KaKOTO TUTIA [[eJieco00pasHee UCIOIb30BATh B OKOHEYHOM KAaCKajle: B MAJIOCHUT-
HAJIBHBIX KACKaJaX MOJIEBbIE TPAH3MCTOPHI HE AI0T KAKUX-TMO0 3aMETHBIX MPEUMY-
[IECTB, HO B OKOHEYHBIX KaCKa/aX MOIIHBIE MOJIEBbIE TPAH3UCTOPHI (XOTs U GoJiee
JIOpOTHe, ueM OUIMOJISTPHBIE) MOTYT OKA3aThCsI MOJIE3HBIMHU.

Ha ypoBeHb HeJIMHENHBIX HCKaKEHUH, TEHEPUPYEMBIX B OKOHEYHOM Kackajie, 6oJiee
BCEr0 BJIUSET TO, B KAKOM PesKUMe paboTaioT yCUJINTeIbHbIE 3JIeMeHThI. VeanbHbiM
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€ TOYKY 3PEHUS IMHEHHOCTHU (HO KpaliHe HEeAKOHOMUYHBIM ) SBJISIETCS PEKUM KJacca A,
TaK KaK B 9TOM CJy4ae OTCYTCTBYIOT IepPEXO/HBbIE MCKAKEHUS THUIIA <«CTYIIEHbKa»
1 9 DEKTHI, CBI3aHHBIE C HHEPIIMOHHOCTHIO TIEPEKITIOUEHUS TPAH3UCTOPOB Ha BBICOKUX
yacrtotax. TeM He MeHee, la’ke B 3TOM PeXUMe HEJWHEHHOCTh OKOHEUYHOTO KacKaa
JIOBOJILHO 3aMETHA, TAK KaK OH paboTaeT B peskiMe OOMBIITOTO cuTHaa. TakuM 06pasoMm,
MIPU UCTIOTHh30BAHUM B OKOHEYHOM KacKajle peskuMa Kiacca A HaM MPUXOIUTCS UMETh
JIEJI0 TOJIBKO ¢ MCTOYHWUKOM ucKakeHwi 1 (BXomHON kackan), 2 (KacKaj yCUJIEHUS
Harpspkenus) ¥ 3 (HeJIMHEHOCTh OKOHEYHOTo Kackaza). YTo KacaeTcst UCTOYHUKOB 4,
5,6 1 7, To OHU XapaKTEePHBI TOJBKO s PesKMMOB Kiacca B. Ho Tak xak B G0JbIINH-
cTBe KoMMepuyecknx YM3Y TpaH3MCTOPbI OKOHEYHOTO KacKaa paboTaroT B PEsKUME
ksacca B, To Ham mpuzieTcst opoOHO PACCMOTPETH 9TH YETHIPE THIIA UCKAKEHUIT.,

Pesknm kmacca B 0661410 BBI3BIBAaET HEKOTOPOE HemoHMManue. Kak mpasuiio, cunra-
€TCsT, UTO B 9TOM CJIydae TPAH3UCTOPBI paboTaoT 6e3 KaKoro-aiub0 HaualbHOTO CMeTIe-
HUSI, TIO9TOMY KakK/0e IJIeY0 JBYXTAKTHOTO OKOHEYHOrO KacKaja paboTaeT TOJBbKO
B TeUeHWE OIHOM MOJYBOJHBI YCUITUBAEMOTO CUTHANA, B Pe3yJIbTaTe B MOMEHT Iepe-
KJIIOYEHUsI TPAH3UCTOPOB HAOIIONAETCS MEPEXOJHOE MCKAKEHUE TUIA <CTYIIEHbKa».
Ha camom jieste GUTIOMSIPHBIN TPAH3UCTOP OTIMPAETCS TOIBKO MPU HEKOTOPOM TTOJIO-
JKUTEJIBHOM CMEIEeHUU €ero (a3a-9MUTTEPHOTO TePeXojia, MO3TOMY TPHU HYJIEBOM
HAYaJIbHOM CMEICHUH TPAH3UCTOP OY/ET HAXOAUTHCSA B OTKPBITOM COCTOSTHUU YYTh
MeHbITIee BPeMsi, YeM JIJIUTCS OJIHA MOIYBOJHA CUHYCOUAAJIBHOTO CUTHAJIA, TI0TOMY
TouHee 6b1T0 GBI OTHECTH TaKO# pexkuM K Kaaccy C, a 11oJ] K1accoM B oHUMATh peknm
€ MaJIBIM HaYaJIbHBIM CMEIEHUEM, TIPU KOTOPOM TIEPEXO/THBIE NCKAKEHNST MUHIMAJTBHBI.

Ho nanbiie Bce eme 6osiee 3amyThiBaeTcs. Belb nMeercs ele peskuM Kjiacca AB,
KOTOPBIH ToJy4yaeTcs U3 pekuMa Kjacca B, ec uyTh yBeJNYUTh HayaIbHOE CMelle-
HUE TPAH3UCTOPOB. BOIPEKH pacpocTpaHEeHHOMY 3a0JyKACHUIO, HCKAKEHUST B 9TOM
ciaydae He yMeHblnaioTcs. Ha camom ziesie ipu yBeJMYeHUU HAYATIBHOTO CMENeHUs
HeJTMHEHbIe NCKAKEHUS TOJTBKO YBEJUIUBAIOTCI. JTO TMPOUCXOAUT U3-3a TOTO, UTO
IIPY MJIOM YPOBHE YCHUJIMBAEMOTO CUTHATA OKAa3bIBAIOTCS OTHOBPEMEHHO OTKPBITBIMU
0062 BBIXOJIHBIX TPAH3UCTOPA, YCTAHOBJIEHHBIX B PA3HBIX TJIEYaX ABYXTAKTHOTO OKOHEY-
HOTO KacKaJla, B Pe3yJIbTaTe aMILUIATY/Ia BBICIINX TAPMOHUK OKA3bIBAETCS JaxKe OOJIb-
11e, 4eM B cJIydae, Korjla HayaJbHOe CMellleHUe OTCYTCTBYeT MU oTpuliaTeabHo. JaH-
HbI (hbaKT HEMHOTHUM W3BECTEH, BEPOSTHO, M3-3a TOTO, YTO YPOBEHb HCKAKEHWH,
06y CIOBJIEHHBIX OJHOBPEMEHHON PaboToil 060MX TuIeY ABYXTAKTHOTO KacKaja, He
CJIMIIKOM BeJTUK U B GoubiacTBe Y M3Y Tepsiercst Ha (oHE APYTUX UCKaKEHHIL,

ItoT ahdeKT MPONILTIOCTPUPOBAH Ha puc. 5.1a, 6, B, Tjie MOKa3aHbI CIIEKTPAIbHBIE
XapaKTEPUCTUKU TOMEXU B YCUJINBAEMOM CHTHAsE, OOYCIOBICHHON HETUHEHHBIMI
WCKKEHUSMHY, TIPU TPEX PA3JNYHBIX 3HAYEHUSIX HAYATBHOTO cMeleHus 1 Y M34,
umeronero Ha yacrore 1 k[ BeixogHyio MoigHocTh 150 Bt npu paGore Ha Harpysky
conporuByienueM 8 Om. Kak u panee, Mbl TIpeiioaraeM, YT0 MUHIMU3UPOBAHBI BCE
UCTOYHUKU HEJTMHEUHBIX NCKAKEHUH, KpOMe TPEThETo.

JlJist TpeThero ciydast BRIOpaHO Takoe HeOOJBINOe MOJIOKUTENHHOE CMEIIIEHNE, TIPH
KOTOPOM TIPOJIOJIKUTENBHOCTD OJHOBPEMEHHOU PabOThl 060UX IJIed JBYXTAKTHOTO
YCUJIUTETLHOTO KACKaJ[a COCTAaBJSET MPUMEPHO TMOJOBUHY BCETO BPEMEHU PabOTBHI.
Takast BeJMUMHA HAYAJIBHOTO CMEIEHUs JOCTATOYHA, YTOOBI TOBOPUTH O PEKIME
kiacca AB. B pesysibraTe ypoBeHb HEUETHBIX BBICIITUX TADMOHUK B BLIXO/[HOM CUTHAJIE
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Puc. 5.1. CpaeHeHue cnekTpanbHbiX XAPAKTEPUCTHK BBIXOBHOTO CUrHA-
na okoHeuHoro kackaga knacca A u AB (B cnektpe octasneHa Tonbko
cocrasnsiowas, 06ycnoBneHHAs HENMHEMHBIMM MCKAXEHMSMM):

a) otpuuatensHoe HavansHoe cMelerue (knacc C)

6) onTMManbHoe HayanbHoe cmelenne (knacc B)

B) Manoe nonoxurensHoe HavansHoe cMeweHue (knacc AB)
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okasbiBaetcst Ha 10 nb BrITITe, yeM B ciryyae ONTUMATBHOTO cMelleHns (PeXuM Kiacca
B), a ammmiTyna Tpetheii rapMOHMKH — /IaKe BBIIIE, YeM JIJIsT YCUIIUTES C OTPUIATe b-
HBIM cMelleHreM, paboraomuMm B pexume kiaacca C. C apyroil cTOpoHBI, YPOBEHb
HEYETHBIX TAPMOHUK C HOMEPOM BBITIIE 5 B ycuinTesie kinacca C 0Ka3bIBaeTCst IprMep-
Ho Ha 8 1B BbIllle, yeM B ycusurese kiaacca AB.

ITockoJIbKY BBICIIIE TADMOHUKHU OKasblBalOT HanboJsiee HeOJArONpUsITHOE BO3AEii-
CTBHE Ha Ka4eCTBO 3BYKa, TO CTAHOBUTCS SICHO, UTO CJieflyeT u3berath UCIIOJIb30BaHMs
B YM3U pexumos kinacca AB, Tem 6oJjiee uTO HOCAEIHMI MeHee 9KOHOMUYHBIN, YeM
pexum Kiacca B.

Ente pasz nmoguepkuem, uto ganubiil 9hPEKT CTAHOBUTCS 3aMETHBIM TOJBKO B TOM
cJIy4ae, KOT/la BCe OCTaJbHble ICTOUHUKY HEJMHENHBIX MCKasKEHU /10 Tpejiesia MUHU-
musupoBanbl. CpegHexBagparnynoe sHaverrie KHU g ciydast, n3006paskeHHOro Ha
puc. 5.1a, cocrasisno Bcero 0,00151%, mus puc. 5.16 — 0,00103%, ans puc. 5.1B —
0,00153%.

Wsmepenus 611 moBTopensl 11 Y M3U ¢ BeixoaHoH MOIHOCTHIO 40 BT, 1ipu aToM
001I1ast KapTHHA He M3MEHIIAch. BHIOPOC Ha YaCTOTHOM XapaKTEPUCTHKE YyTh HUKE
16 kI't1 — 31O pesynbraT UHTEPDEPEHIINU U3-32 HABOJKYU OT JUCILIES U3MEPUTEIHHOTO
YCTPOHCTBA.

Huzke Mbl 00CyZnMM elle HECKOJbKO TOHKOCTEH, CBSA3AHHBIX C HUCIIOJIb30BaHUEM
peskuma kiacca B B okoHeunbix kackazax Y M3U.

5.2. cka)keHns B BbIXOAHOM CUrHane OKOHeYHoro Kackapga

Uckaxkenust B OKOHEUHOM Kackajie (HAlOMHUM, 4TO IO HAIlleil KaacCu@UKAIUU 3TO
TPETHH TUII MCKAKEHMIT) MOTYT OBbITh Pas/ieJieHbl Ha TPH [OAKATETOPUU.

Nckaxenuss moaTuna 3a oOycJIOBIeHbl paboTON KacKaga (HE3aBHCHUMO OT TOTO,
OTHOCHTCS JIM OH K Kaaccy A mwan B) B pexume Gonbuioro curdana. Hamomanm, uto
Koa(pGUIMEHT Tepeaurt Toka (Gasbl OUITOJNSIPHOTO TPAH3UCTOPA YMEHBINAECTCS PU
yBEJMYEHUH TOKA KOJLJIEKTOPA, I03TOMY 1IPH OOJIBIION aMILINTY/e BBIXOAHOIO CUrHA-
JIa eTo «BEPXYIIKUy YCUJIUBAIOTCS Xy:Ke (B MOJIEBBIX TPAH3UCTOPaX JaHHbIN 2 deKT He
Hab/II0aeTCs).

Jlpyrue aBa noaTHIa KCKaKEeHUH HaOI0Aal0TCs TOJIBKO B KacKajax Kiacca B u AB.
[Moxrum 36 — 9TO MEPEXOAHBIE UCKAKEHMS, TAK Ha3bIBaeMasl «CTyIeHbKay (Pe3ysbTar
HECOBIAAEHNs] BBIXOAHBIX XaPAKTEPUCTUK TPAH3UCTOPOB, PAGOTAIOIINX B PA3HbIX ILJIe-
Yyax JIBYXTaKTHOTO YCUJIUTETbHOTO KACKa/a), YPOBEHDb 3TUX UCKAKEHUI HE 3aBUCUT OT
YACTOThI YCUJIIMBAEMOTO CUTHAJIA.

Uckaxenus noarumna 3B — cjeicTBUE MHEPITMOHHOCTH 3allMpPaHus TPAH3UCTOPOB,
3aMEeTHOW TP yCUJIEHNH CUTHAJA 0CTATOYHO BBICOKOW YacTOTHI. JpyrumMu cioBamu,
9TU UCKAKEHUST YCUIUBAIOTCS TIPY YBEJUYEHUN YaCTOThI CUTHAJIA.

5.3. CneKTp ncKaXKeHUs «CTyneHbKa»

Bosblirast yacTh sHEPruu OOBIYHBIX HEJIUHEHHBIX MCKaKEHUI COCPEIOTOUEHO B 06JIa-
CTH HU3KHUX YacTOT, M OTPUIaTeIbHast 00paTHas CBSI3b CIIPABJISIETCSI C HUME J0CTaTOY-
HO addekrusHo. Ho nckaxenusm 36 ¥ 3B COOTBETCTBYIOT TaPMOHHKH BBICOKOTO
HOPSIIKA € JOCTATOYHO OOJIBLION aMILIATYI0M. 31eCh MbI PACCMOTPUM JAaHHBIIA BOIIPOC
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Puc. 5.3. Popma curHana ownbku E gns Heckonbkux sHaueHmit koad-
duupnenta sanonHenus WR

¢ momorbio Dypbe-aHaan3a BEIXOAHOTO CUTHAJA, IOCTYITHOTO B CUCTEME MOZIETIPOBa-
nus SPICE.

Bynem cuutaTh, 4TO Ha BXOJ KACKaJa TONAETCS UI€ATbHBIN CHYCOUIATbHBII CUT-
HaJl ¥ TIPEJCTAaBUM BBIXO/IHOM CHTHAJ KaK CyMMY W/I€aJbHOU CUHYCOHWJIBI M CHTHAJIA
omubku E. [onosxum napamerp WR (width ratio — koaduruent sanonnenns) pas-
HBIM OTHOIIEHHUIO TUTETLHOCTH TIEPUOIa BPEMEHH, KOT/Ia cUTHaT omubku E He paBen
HYJIIO, M TIEPUOJIa CUHYCOUAbL. Ecau curHag OmubKM MMEET TPeyroJibHYo (hopMmy
U [IePUOI, IPeBbIIAIoNIIii mepuos curycongs (T.e. WR = 1), To MOXKHO roBOpuTh 06



[130] TMIABA 5. OKOHEYHBIN KACKAA I

MCKKeHNX 601bImoro curnana. Ha puc. 5.2 BUIHO, 4TO B 9TOM ciiydae GOJIbIIAS 4acTh
SHEPrvM CUTHAJA OMMOKH MPUXOAUTCS HAa TPETHIO W MATYH TAaPMOHWKH (HyJeBast
U YeTHBIE TADMOHUKHU PaBHBI HYJIIO, T.K. CUTHAJ OITUOKN CUMMETPIYEH ).

ITpu WR = 0,5 curHas ommbku E oTyinden oT HyJis B TeUEHE MOJIOBUHBI TIEPUOIA —
JIAHHAsT CUTYaI[UsI OYEHDb MMOXOKA HA TY, YTO HAOJIOMAETCS B Pe3YJIbTaTe MePEXOIHBIX
HCKa)KEHUN THIA «CTyleHbKkay. Ha puc. 5.2 BUAHO, 9TO DU HTOM aMILIUTY/Ia Y€THBIX
rapMOHHK yKe He paBHa Hy.Ti0. UeM YKe CTAHOBSITCS TPEYTOIbHBIC HMITYIbCHI (T.¢. 4eM
MeHbIIe 3Hadenne koadduimenta 3amnoaHennss WR), TeM GOJIbIIast 4acTh dHEPrH
CHUTHAMA ONTHOKH MEPEPACTIPENENSIETCS B 00JACTh BBICOKMX YaCTOT, & YPOBEHD HU3KO-
YACTOTHBIX COCTABJISIONIUX CHIKAETCSI.

AMITATYTBI BBICOKOYACTOTHBIX TAPMOHUK TIPU 9TOM MPUMEPHO OJIMHAKOBBI, CIIEK-
TPaJIbHBIN aHamm3 (cM. puc. 5.1) MOATBEPIKIAET, YTO JaKe HA BBIXO/E «Oe3yNpPeqHOro
YCUJUTENST» aMILTUTY/Ia TapMoHUK ¢ 7 110 19 coctaBasier okoso 1 1b, mpudem ypoBeHb
19-it rapmonuku Bcero Ha 10 1B HUzKe YPOBHS TpeTbheid.

Taxkum 06pazoM, MepexoiHble MCKAKEHUsT TUIA «CTYMEeHbKay MPUBOJAAT K TeHepa-
1M BBICOKOUACTOTHBIX COCTABJISIONIUX YCUJIUBAEMOTO CUTHAJIA, TIPU HTOM TOPSIOK
rapMOHUK, UMEIOIIUX 3aMETHbBIN YPOBEHb, CHUKAETCS TIPU YMEHBIIIEHUN aMILTUTY bl
CHUTHAJIA U YBeJNYeHnr K0a(hhHUIHEHTa 3aM0THEHNS CUTHAIA OITHOKH. DTO YTBEPIKIe-
HUE TIPSMO TTPOTUBOIIOJIOKHO PACIIPOCTPAHEHHOMY 3a0JIYKIEHUIO, COTJIACHO KOTOPO-
MY MCKQJKEHUSI THIA «CTYMEHbKa» MEHee 3aMeTHBI JIJIsl CUTHAIA GOJIBIITON aMITTUTY/IbL.

5.4. CxeMoOTeXHUKa OKOHeYHbIX KackagoB YM3Y4

Opna w3 meseil JTaHHON KHUTH 3aKJII0YAETCST B TOM, YTOOBI OTIEIUTDH JPYT OT Apyra
KaK/[BI{l ICTOYHUK UCKAXKEHUH, UTO BAXKHO JIJISI €0 udydenust 1 Munnmusanuu. O0bra-
HO TIpu OOCYKieHnn OKoHeuHbIX KackamoB YM3U cumraior OOC He 3aMKHYTOH,
a COTPOTUBJICHNE UCTOYHNKA CUTHAMIA — (DUKCUPOBAHHBIM. DTO MPUGIMIKEHIE SBJISCT-
ST TOBOJIBHO TPYOBIM, TOCKOIBKY KOJUTEKTOPHBIH UMITEIAHC MPEIBIAYIETO KacKama —
YCUJIUTEJIST HATIPSIKEHST — 3aBUCUT OT YaCTOThI YCUJIMBAEMOTO CUTHAJA W JIeUCTBUS
oTpHUIaTENbHON 06paTHOil ¢Bs3u. Ho ecin mepes OKOHEYHBIM KAaCKaJloM YCTAHOBJIEH
OydepHbIil DMUTTEPHBII TOBTOPUTE/Ib, KaK 00Cy:1an0ch B pasjese 4.20, To cutyanus
yiporiaercs. Torga MOKHO € TOCTATOYHON CTENEeHbI0 TOYHOCTH CYMTATh, YTO UMIIe-
JIAHC MCTOYHMKA CUTHAJIA IOCTOSTHEH M cocTaBiisieT, ckaxkeM, 50 Om. Bydepuposanne
yIpolaer mpoiiecc npoektupoBanuss Y M3Y, T.K. CHUKAeT BIAUSHUE JIBYX MEPEMEH-
HBIX TIaPaMeTPOB: KOJJIEKTOPHBI WMIENaHC YCUJIUTENs HANpsKeHUs Ha HU3BKUX
YaCTOTaX U YACTOTY, HA KOTOPOI HAYWHAET MaaTh K03(hDUIMEHT yCUuIeHns u3-3a /e -
crBusg MectHoii OOC, ob6pasoBaHHOH 6Gasa-KoJuleKTOpHbIM KonueHcatopom CK. B
CBOIO OYEPE]ID, ITO CYIIECTBEHHO YIIPOIIAET U3yUIeHre paboThl OKOHEYHOTO KacKaa.

C nomorrsio mozenupoBanus B cucteme SPICE aBrop ucciieoBas TMHENHOCTh Pa3-
JINYHBIX YCUJIMTETbHBIX KACKAI0B B peskiMe OobInoro curiaja. [IpuBeeHHbIe B 9TON
ryiaBe TpauKy MOJTYyY€EHbI /71 PA3JIMYHBIX COMPOTUBIeHNH Harpy3ku (ot 16 10 2 Om),
OHU OTPAKAIOT 3aBUCHUMOCTH KO3(h(UIMEHTA YCUIEHHUS OT aMIUTUTYAbI BBIXOIHOTO
curHajia. B okoHeuHOM KacKajie MCIOJIb30Baauch Tpauzuctopsl MJ802 u MJ4502,
MOCKOJIBKY OHM 06JIaIal0T COBIA/IAIONIMME XapaKTEPUCTUKAMU 1 GoJiee APYTUX CPeIu
M3BECTHBIX KOMILIEMEHTAPHBIX Map MOAXOAAT JJIst paOOTHI B IBYXTAKTHBIX OKOHEUHBIX
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kackazax ¥ M3U. HauasbHoe cMellieHne BRIOGUPAIOCh TAKUM, YTOOBI MUHMMU3HUPOBAThH
UCKa)KeHUE TUTIA «CTYTIEHbKA» 1pu paboTte Ha HArpy3Ky 8 Om.

MOKHO TIEpeYrCJnTD 110 KpaiiHelr Mepe 16 M3BECTHBIX CXeM MCIIOJTHEHUS] OKOHEU-
HBIX KaCKa/0B (€CJIM He PacCMaTpUBaTh YCUIUTENN ¢ KOppeKIre omubok [3], cxembl
Buga current-dumping [4] u cxemy Baomites [5]):

- TPU THUIIA CXEM SMUTTEPHOTO TTOBTOpUTES (pHc. 5.4);

- CXeMa Ha COCTABHBIX KOMILJIEMEHTAPHBIX TPAH3UCTOPax ¢ 0OpaTHOI CBs-
3p10 (cxema Ilukman, puc. 5.5);

- JIBa THTIA KBA3UKOMILJIEMEHTAPHBIX cXeM (pHc. 5.5);

- 0 KpaifHeil Mepe ceMb BUJIOB CXeM Ha CTPOEHHBIX COCTABHBIX TPAH3UCTO-
pax (puc. 5.6);

— TPU THUIIA CXEM Ha MOIIHBIX TI0JIEBBIX TpaH3ucTopax (TaBa 11).

5.4.1. SMUTTepHbIN NOBTOPUTENb B OKOHEYHOM Kackage

Ha puc. 5.4 mokasaHbl TP OCHOBHBIX THIIA OKOHEYHBIX KackamoB YM3U nHa ocHoBe
NIBYXKACKA/IHBIX CXEM JIBYXTAaKTHBIX SMUTTEPHBIX MOBTOpHUTENEH. [lepeuncaum 0CHOB-
HbIE OCOOEHHOCTH JTAHHBIX CXEM:

1. Bxomno#i curHam mOXoAuT uepe3 1BAa COEIUHEHHBIX IOCTIEA0BATEIBHO
6aza-sMUTTEpHBIX Tepexoa; MecTHass OOC B 060MX KacKaiaX OTCYTCTBY-
eT (3a uckioyerreM crorpoieHTHoit OOC 110 HANPSIKEHUTO, TOJIOKEHHO
B OCHOBY PabOThI CXeMbI SMUTTEPHOIO OBTOPUTEIS).

2. BomHoe HampsiKeHue CMENEHUsT TOJAETCS B KaK/IOM TLIEYe IBYXTaKTHOTO
KacKaJla Ha JIBa COeIMHEHHBIX I10CJIeJ0BaTeJbHO 6a3a-9MUTTEPHBIX IIepe-
X07la U OMUTTEPHBIN pe3ucTop Re, B pa3HBIX Medax 9To MEPEXO/Ibl Pa3HO-
ro tuna. Cxema, ipeqHazHaveHnast st (GOPMUPOBAHUS HAMPSIKEHUST CMe-
IIEHUSsT, JOJKHA KOMIIEHCHPOBATh TEMIIePaTypHBbIA Apeid, BhI3BaHHBIN
000MMH, XOTSI TEPMUYECKU OHA MOXKeT OBITh CBSI3aHA TOJBKO C OJHUM U3
HUX. BBIXO/HBIE TPAH3UCTOPBI 06aHAI0T GOJIBIION TEIIOBOH MHEPLUOH-
HOCTBIO, TOATOMY JTt00ast TEIIOBast KOMIIEHCAIIUST MOYKET YUUTBIBATH TOJIb-
KO YCPEIHEHHOE I10 MPeIbIIyI[MM MOMEHTAM BPEMEHU 3HaYeHUe TeMIlepa-
Typhl p-n-niepexoga. Ha puc. 5.4a nokasana Hauboiee pacipocTpaHeHHast
CXeMa OKOHEYHOTO KaCKaja, B KOTOPOU SMUTTEPHBIE PE3UCTOPHI IPETOKO-
HEYHOTO I OKOHEYHOT'0 KaCKaJ0B COEIIHEHBI C BBIXOIOM.

Ha nepBbIii B3TJIsI/1 MOKET TTOKA3aThCst, YTO MPUBEeHHast Ha puc. 5.46 Moauduka-
ST TIPEJIBIAYINEH CXeMBI TOBOBHO GECCMBICTIEHHA, HO Ha CAMOM JieJie OHa 06JIa1aeT
OJIHUM TIPEUMYIIECTBOM, T.K. IPEAOTBPAIAET TIOJHOE 3apaHue TPAH3UCTOPOB TIpe-
JIOKOHEYHOTO KaCKajla, B TO jKe BPEMs He Melliast UM MPaBWJIBLHO YIPABJIATH PabOTOIl
TPaH3UCTOPOB OKOHEYHOTO Kackaia. JlomycTuM, TOK, TEKyIInii 4epe3 dMUTTEPHBIN
pesuctop Rel, ymenbIiuics 10 HyJisI, B TO BpeMsI Kak TOK yepe3 peauctop Re2 yBemnu-
YUJICST, TEM CaMbIM YBEJWYWB TaJIeHUEe HANIPSLKEHUs Ha 9TOM pe3uctope. B pesyibra-
Te noTeHIua Ha 6ase TpansucTopa TR4 yMenbiaercss. To OTKJIOHEHHUE Yepes3 Pes3t-
crop Rd nopaercs na 6asy tpansucropa TR3 u BbI3bIBaeT Ha Heil OTPUIATENIbHYIO
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Puc. 5.4. Tpu vna cxem okoHeuHbix kackapos YM3Y Ha ocHose aByx-
TAKTHOFO 3MUTTEPHOTO MOBTOPMUTENS

N006aBKY K €ro HauaJbHOMY CMEIEHHIO, COCTABJISIONIy0 okosio —0,5 B, uto ¢ yuerom 4--
OMHO¥ Harpysku JiaeT namenenue Hanpsbkeaus —1,6 B. Yckopsiomuii kornercatop Cs
YBEJIMYMBAET CKOPOCTD Tepesapsiia 6a3a-sMUTTEPHON eMKOCTH TPAH3UCTOPA (B IPOTUB-
HOM CJIydae CKOPOCTh PacCachiBaHUs 3apsija Obla Obl OrpaHWYeHa COIPOTHBJIECHUEM
Rd). Xors nanpsukenue Ha pesuctope Re2 B cxeme Ha puc. 5.4a TIPUMEPHO TO K€, 4TO U
Ha puc. 5.46 (coeautenue obieii Touku pesrctopos R1 u R2 ¢ BbIx010M IpegoTBpaiia-
€T ONMHUCAaHHOE BhIlIEe BO3zelicTBre TpaHsucropa TR4 Ha Gasy tpansuctopa TR3), HO
6aza-3MUTTEPHBIN Tepexo]] TpaHsuctopa TR1 B 1epBoil cxeMe TPH OTPUIATETHHOM
HAMPSKEHUH BBIXOIHOTO CUTHaIa OyIeT cMellleH B obpaTHoM Hamnpasienuud. Cienosa-
TeJIbHO, Ha P-N-Tiepexozie OyIeT HAKOTIIEH 3apsijl, KOTOPBIi IOTpedyeT BpeMeH! Ha CBOe
paccachIBaHVe TIPH TIEPEKTIOYEHNHT TPAH3UCTOPA. A B cxeMe Ha puc. 5.46 6aza-aMuTTED-
HBIH TIEPEXO0/I TPAH3UCTOPOB MPEIOKOHEYHOTO KAaCKa/[a HUKOT/Ia He Oy/IeT UMETh OTPHUIa-
TeJILHOTO cMellleHus. TeM He MeHee, Tiepe3apsiji eMKOCTel p-N-11epexo/10B TPAaH3UCTOPOB
[IPEIOKOHEYHOTO KacKaga — He Takas ysK W OOJibliiast mpobJeMa, MoITOMY OMMCaHHAs
MOA(DUKAINSA TPUHOCUT HE CJIUIIKOM MHOTO MOJb3bl. [1o3ke Mbl 06CYIMM YPOBEHb
HCKasKeHUit, 00y CIOBIECHHBIX MEPEKITIOUEHNEM TPAH3MCTOPOB B JIAHHBIX CXEMaX.

Ha puc. 5.4B npuBesiena ele ojiHa CXxeMa OKOHEYHOTO KacKaza. 37eCh IMUTTEPHbIE
pesucTopbl Re TpaHaucTopoB IIpeloKOHEYHOTO KACKa/a COeJMHEHbI ¢ IIPOTUBOIIOIOXK-
HBIMY IIUHAME [TUTAHWsI, 2 He ¢ 0a3aMu TPaH3UCTOPOB OKOHEYHOTO Kackaja. B pesyiib-
TaTe TPAH3UCTOPBI MTPEOKOHEYHOTO KacKa/[a paboTaioT B pexknMe kaacca A. Hazo 3ame-
THUTb, PACIPOCTPAHEHHBIM 3a0JIyKICHUEM SIBJISIETCS MHEHKE, YTO PEeKMM Kjacca A
AKOOBI TIO3BOJISAET YJIYUIIUTh PAOOTY TPAH3MCTOPOB MPEJOKOHEYHOTO KACKa/a Ha HU3-
KUX 9acToTax [6]. ABTOp He CMOT OOGHAPYKUTH KaKUX-THOO TOKA3ATETHCTB MPABUIBHO-
CTU JIAHHOTO yTBep:KAeHMst. UTO KacaeTcst 3aluThl Ha3a-aMUTTEPHBIX TPAHZUCTOPOB OT
06paTHOTO CMETIEH ST, TO OHA B 3TOM cxeMe paboTaeT Tak Jke, Kak W B pebIayei (Bo3-
MO?KHO, Ha BBICOKHX YacTOTaX JasKe Jiydiiie OJiarojiapst TOMY, 4TO B TPEThE cXeMe pesu-
CTOPBI ¢ GOJIBIIEM COMPOTUBICHUEM MOAK/IIOUEHBI K HCTOYHUKY MUTAHUS C GOJIBIIIM
HaIPSZKEHUEM TIPU TOM K€ YIIPABJSIONIEM TOKE, HO 9TO ellle CTOUT ITPOBEPUTD IKCITe-
PUMEHTAJIBHO).
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JInHeHHOCTh B pexkuMe GOJBINOTO CUTHANA JIJIT OKOHEYHBIX KAaCKaJoB BCEX TPEX
THUIIOB TPUGJIU3UTETHHO OJIMHAKOBA — BCE TP UMEIOT MPAKTUYECKH OJIHY U TY K€ TPO-
XOJIHYIO XapaKTepPUCTUKY, OOYCIOBIEHHYIO TTOCIE0BATENbHBIM BKIIOUEHUEM MESKY
BXOJIOM U BBIXOJIOM JIBYX ITPSIMOCMEIIEHHBIX 6a3a-9MUTTEPHBIX P-Tl TIEPEXOIOB.

3aBUCUMOCTH KoahpHUIMeHTa yCUIeHUs OT aMIIUTY/bl BBIXOJIHOTO CUTHAJIA TI0KA3a-
Ha Ha puc. 5.7. B cirydae ucmosib30Banust GUTIONSPHBIX TPAH3UCTOPOB MajieHne Koaddu-
[[MEHTA YCUJICHUST TIPH YBEJMUEHUH COTTPOTUBIICHUST HATPY3KU 00YCJIOBJIEHO JIEUCTBHEM
SMUTTEPHBIX PE3UCTOPOB Re. 3aMeThM, UTO B TIEPEXOHON 06JacTH (TaM, Te MPOUCXO-
[IAT TIEPEKITIOUEHNE TIIeY IBYXTAKTHOTO KACKa/ia) 3aBUCHMOCTD IMEET BHL Hosiee-MeHee
MIaBHOTO KosiebaHus, a He 3y6uaryio ¢hopmy. [Ipyroil BaskHON 0COOEHHOCTBIO SABSETCSI
peskoe nazieHue KoadduiluenTa yCuaeHns IIpy BLICOKONW aMILIUTY/le CUTHAIa M MaJIOM
COTIPOTHUBJIEHUHU HATPY3KHU, IPUYUHOM KOTOPOTO ABJISAETCS GOJIBIION KOITEKTOPHBIN TOK.

Ha puc. 5.8 B yBesmmaeHHOM BUjie TIOKa3aHa MePexXojiHast 061aCTh 3aBUCHMOCTH K03(h-
(putrenTa yCUseHNns OT aMILTTY/ bl BBIXOJHOTO CUTHAJIA, HO TIPU PA3IMYHOM 3HAYEHUN
HAIPSKEHUS CMEIIEHMS U TOJIbKO IIPU OJIHOM COIIPOTUBJIEHNH Harpysku 8 OM. 3ameTnm,
YTO HMKAKOE HayabHOE CMEIeHNe He II03BOJIIeT OIy4YUTh IIOCTOSIHHOE YCUJIeHUe UK
Jlaske TIPOCTO MOHOTOHHYIO 3aBUCUMOCTD. IIpy onTMMasibHOM CMeIleHNH Ha XapaKTepH-
CTHKe HabIIO/IaeTCsT IBOMHAS BaIWHA U MEHTPATbHBIH K. DopMa KpUBO#t TIpu HATIPS-
JKEHUSX, 6OJBITNX yeM +5 B, MpaKTU4eCKU He 3aBUCKUT OT COMPOTUBJIEHS HATPY3KIL.

5.4.2. CocTaBHble KOoMMJieMmeHTapHble Napbi C 06paTHOI7I CBA3bl0O B OKOHE4YHOM KackKape

Jlpyroit Tum cxem, 4acTo MCIIOJb3yeMbIll B OKOHEUHbIX Kackasax Y M3Y, mokasan Ha
puc. 5.5a. MlHoT/1a TaKO€e BKJIIOUEHHE KOMILJIEMEHTAPHBIX TPAH3UCTOPOB € 0OPATHOI CBSI-
3p10 (Complementary Feedback Pair — CFP) HasbiBaercs cxemoii Ilukman (Sziklai).
[To-BumnMoMy, pacmpocTpaHeHa TOJbKO OJHA CXeMa JAHHOTO THUIIA, XOTS BO3MOJKHBI
He3HauuTeIbHble ee MOIUUKALUU. 31eCh BXOAHON CUTHAJ ITOAeTCs Ha Gasbl TPaH3U-
CTOPOB TPEJOKOHEYHOTO KacKaZa OTHOCUTEIHHO SMHUTTEPOB, KOTOPBIE COEIMHEHBI C
BBIXOJIOM OKOHE4YHOTro Kackaza. Takasg mectHag OOC, obbeauusionas 06a BEIXOAHBIX
TPAH3KMCTOPa, 0OECIIEYNBAET JIYUIIYIO JTUHEHHOCTD, YeM OOBIYHbIA 9MHUTTEPHBII TIOBTO-
puresb co cronporerTHoi OOC, neiicTByiomieil B 000MX TPaH3UCTOPAX 110 OTAEJbHOCTH.
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Puc. 5.5. KomnnemeHTapHbie M KBA3UKOMNIEMEHTOPHbBIE OKOHEYHbIE KACKAAbI
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a) 6) )

Puc. 5.6. CrpoeHHble cOCTABHbIE TPAH3UCTOPbI B OKOHEYHBIX KACKA-
aax YM34

OUTEF 2C.CIR: EF 0/P, MPSA42/92, MJ802/4502. 18/6/93
Date/Time run: 08/04/93 23:49:21 Temperature: 25.0
1,00

) ) ) ) ~ Harpyska

- —0———— ~———— 160m
—_— /N _———— 80m
/—\/\/\ 70
095 < - - T o . .Y 5 oM

R A

0,90 -

0,85 -

0180 T T T
-60 B -40B -20B 0B 208 40B 60B
BxoaHoe Hanpsixexve

Puc. 5.7. 3aBucmocts KO3PPUUMEHTA YCUNEHNS OT AMNAMTYAbI BEIXOA-
HOTFO CMrHGNA NPM PA3NMYHOM COMPOTMBNEHMM HATPY3KM ANS OKOHEYHBIX
KOCKOAO0B HO OCHOBE SMMTTEPHOrO NOBTOPUTENS
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OUTEF2C.CIR EF O/P, MPSA42/92, MJ802/4502. 18/6/93
0 Date/Time run: 08/04/93 23:39:07 Temperature: 25,0

0,98 4

0,96 4

0,94

0,92 4

0,90 T T T T T
-50B -40B -2,0B 0B 20B 40B 508
BXO,U,HOe Hanpsxexue

Puc. 5.8. 3asncumocts KoadpdHLMEHTA YCUNEHNS OT AMAAUTYAbl BbIXOA-
HOTO CUrHANA NPU CONPOTUBNEHMM Harpy3ku 8 OM M pasnUyHOM Havanb-
HOM CMELLEHWM 1S KACKOOB HO OCHOBE SMUTTEPHOrO NOBTOPMTENS!

OUTPUT4C.CIR  CFP O/P, MPSA42/92, MJ802/4502, Re=OR22 18/06/93

Date/Time run: 08/04/93 23:54:32 Temperature: 25,0
1,01
Harpyaka
16 Om
80m
— 6,7 Om
0,95 +
/‘//—‘ T T T 40m
/ . 2,80m
0801 ! 20m
o
0,85 1 ] /
0,80 T T
-60 B -40B -20B 0B 208 408 60B

BXO,U,HOE Hanpsxexue
Puc. 5.9. 3aBucrMocTb KO3 PUUMEHTA yCUNEHUS OT OMMAUTYAbI BbIXOA-
HOTO CMTHANA NPU PA3NMYHOM COMPOTUBIEHUM HArPY3KU ANS OKOHEYHBIX
KOCKGA0B HO OCHOBE KOMMIEMEHTAPHLIX NAp ¢ 06pATHOM CBS3bIO
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OUTPUT4C.CIR CFP O/P, MPSA42.92, MJ802/4502, Re=0R22
Date/Time run: 08/04/93 23:42:02

Temperature: 25,0

1,00
0,98 -
0,96 -
0,94 -
0,92 -
0,90 + + + + i i i
-2,0B -1,5B -1,0B -0,5B 0B 058 1,0B 1,5B 208
Puc. 5.10. 3aBucumocTb ko3 ULMEHTA yCHNeHUs OT aMNAUTYApI
BbIXOJHOrO CUTHANA NMPU PA3NMYHOM HAHANBHOM CMELLEHWW Ans
OKOHEYHbIX KACKAA0B HO OCHOBE KOMMIEMEHTApPHBIX Nap ¢ obpar-
HOM CBA3bIO
Tabnmua 5.1. KosdbduumeHT ycunennsa no HanpsxeHUio 1 CpeiHeKBa-
npatnuroe sHaverne KHM ans okoHeuHbIX KaCKa#oB PA3MUYHBIX TUMOB
IIpocroit
DmurTepHbIii ITapac 5 IIpocras kBa3u- KBazu- Tpoiinas BBIXOTHOM
OBTOPHTETH KOMIUIMMEHTapHOU | KOMIUIMMEHTapHasA KOMILUIMMEHTapHasA cxema, KacKaJ Ha MOII
0OC, CFP cxema cxeMma Bakcrpeiina Tum 1 TIOJIeBBIX
TPaH3MCTOPax
8 Om 0,031% 0,014% 0,069% 0,050% 0,13% 0.47%

Kpowme ToT0, cxeMa Ha COCTaBHBIX KOMIIJIEMEHTAPHBIX TPAH3UCTOPAX 00JIajlaet Jy4-
1reif TerIoBoi cTaGUIBHOCTBIO, YeM OMUTTEPHBIN TOBTOPHUTED, T.K. Ha3a-9MUTTEPHBII
Mepexoi TPAaH3UCTOPOB OKOHEYHOTO KacKajia BKJIOUeH BHYTpu 1enu MectHoin OOC
1 TOTBKO 6a3a-3MUTTEPHBIH TePEX0]l MPEIOKOHEYHOTO TPAH3UCTOPA OKA3BIBAET BJIHSI-
HIe HA TEMIOBYI0 HecTabMabHOCTh. CHPaBeITMBOCTH PAMM CJIEAYET 3aAMETHUTD, YTO
311eCh MBI HECKOJBKO YIIPOIIaeM PeasbHYI0 CUTyaluio; 6ojiee TOAPOOHO AaHHBI
Bompoc Gy/er 06CyKaaThes B TaBe 12,

B cxeme Ha KOMILIEMEHTAPHBIX TAPAX IMPEIOKOHEUHbIE TPAH3UCTOPHI HUKOTIA He
3aTMPAIOTCsI, TIOITOMY He TpeGyeTcsl IPUHUMATD KaKuX-Ji00 Mep, YToObI 06eceynTh
pexuM kracca A. Kax u B mepBoii cxeMe Ha OCHOBE 3MUTTEPHOTO TIOBTOPUTEJIST (CM. PHUC.
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5.4a), Ha Gase MPEIOKOHEYHBbIX (HO HE OKOHEYHBIX) TPAH3UCTOPOB MOKET OKA3aThCsl
OTpUIIATEIbHOE HATIPSKEHUE.

3aBUCUMOCTb KO3(D(UIMEHTA YCUIEHHUST OT aMILIUTY/bI BHIXOIHOTO HAIPSLKEHUS TSI
OKOHEYHBIX KacKaJloB Ha ocHoBe cxeMbl [TTukan nokasana #a puc. 5.9. B a1 5.1 nmpuse-
JieHbl KO9((DUITMEHTBI YCUJIEHUS 110 HANPSDKEHUIO U 3HAaUeHus KoadduinmenTa HeJuHei-
HBIX MCKaKEHUN IS Pa3IMYHbIX CXeM OKOHEYHBIX KacKanoB. Kak MOJKHO BHIETH, CXeMa
[MTvkau 1o cpaBHEHUIO CO CXEMOI HA OCHOBE SMUTTEPHOTO TIOBTOPUTEISI TIO3BOJISIET TIOUTH
B/IBOE CHU3UTh YPOBEHDb HEJIMHEHHBIX UCKasKeHU . Eciiu ellie yuecTb, 4To OKOHEUHbIEe KacKa-
Jbl Ha ocHoBe cxembl IIIukan o6sagaior GoJbiieil cTabUIbHOCTBIO B PEKIME MIOKOSL, TO
MOKAKETCsI CTPAHHBIM, IIOYEMY OHU He ABJISIOTCS Haubosee monyaspabiMi. Ha puc. 5.10
MOKHO BHJIETD, UTO HMIMPUHA TIepexoAHoi obmactu Menbiie (okono £0,3 B), yem s cxem
Ha OCHOBE SMHUTTEPHOTO TIOBTOPUTEIST. B HallleM cirydae OnTHMAIbHOE HATIPSTKEHNE CMeTIle-
Hust coctasiisgeT 1,296 B. [Ipn MeHbiieM HauabHOM CMEITIEHUN TTMKY HAa XapaKTepUCTHKe
HOJIyYaloTcst 6oJiee Y3KUMU, YeM JIJISE CXEM Ha OCHOBE SMUTTEPHOIO IIOBTOPUTEIS.

5.4.3. KBa3VIKOMI111€MEHTaprIe OKOHe4YHble KaCKaabl

Ha 3ape pazsurtus nonynpoBogankoBbix Y M3U ncnonb3oBamuch pakTHuecKu TOTBKO
KBa3MKOMILIEMEHTAPHBIE OKOHEUHbBIE KACKa/IbI [7], IOKa He MOSIBUJIUCH P-N-P-TPAH3U-
CTOpBI, CPAaBHUMBIE 110 CBOMM XapaKTepUCTUKaM C TpaH3WcTOpaMy Tuna n-p-n. Ha
puc. 5.56 TOKaszaHa TUIOBAas CXeMa KBa3WKOMILJIEMEHTAPHOTO OKOHEYHOTO KacKaja
YM3Y. O61IensBecTHO, 4TO €€ BRIXOAHAS XapaKTePUCTHKA 00JIa1aeT IIOXOM CUMMETPU-
eil OTHOCUTETBHO TIEPEXOMHON 06JACTH, COOTBETCTBYIOMER MOMEHTY TEPEKIIOYEHIIST
e IBYXTaKTHOTO Kackama (puc. 5.11).

QUASI.CIR Quasi-comp O/P stage, voltage drive, perfect Vbias.

Date/Time run: 08/05/93 20:32:10 Temperature: 25,0
,00
. Harpyska
0,95
0,90
0,85 1
0,80 T T T T
-60 B -40B -20B 0B 208 40B 60B

BxoaHoe Hanpsixexve

Puc. 5.11. 3aBucnMocTs kO3PPUUMEHTA YCUNEHUS OT AMMAMTYAbI
BLIXOAHOTO CHTHANA NPU ONTMMAILHOM CMELLEHWU U PA3NMYHOM CONpO-
TMBNIEHUM HATPY3KM AN KBO3UKOMMNIEMEHTAPHOTO OKOHEYHOro KAckaaa
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QUASI.CIR Quasi-comp O/P stage, voltage drive, perfect Vbias.
0 Date/Time run: 08/05/93 20:32:10 Temperature: 25,0

NS —————S R VA SN
096) <<<<<

T RS | R

o S S D | A PSR

0,90 T T T . . - -
-20B -15B -10B -5B 0B 5B 10B 15B 20B

BxonHoe Hanpsixenve

Puc. 5.12. 3asucumoctb KoapdULMEHTA ycuneHus OT AMMAUTYAbI
BLIXOJHOrO CMrHaNA BOGAW3M nepexopHoM obnacTM npu pasaUyHOM
HANPSXKEHMM CMELLeHUs AN KBA3MKOMMIEMEHTAPHOTO OKOHEYHOro
Kackaaa

Ha puc. 5.12, rae B kpymHom maciitabe TTOKa3aHa TEPEXOMHAS OOIACTh JTAHHOMN
XapaKTEPUCTUKH, XOPOIIO BUIHO, YTO OHA BoGpasa B cebs Bce Xy/ume 0COGEHHOCTH
PAcCMOTPEHHBIX PaHee HMUTTEPHOTO MOBTOPUTENS 1 cxeMbl 11Inkman: ocTphlit Bemieck
3aBUCUMOCTH KO3 DUIIMEHTA YCUIEHUS OT AMILIUTY/IBI BBIXOJHOTO CUTHAJIA HE yCTPa-
HSETCS TIPHU JII0OO0M BBIOOPE HATIPSIKEH ST CMETIIEHST.

CymiecTBeHHO yIy4IIATh CHMMETPUIO II7IeY ABYXTAKTHOTO KacKajia YAAeTCsI € TOMO-
IbI0 MOANGUKAIINY JAHHON CXeMBbI, TIOKa3aHHO Ha puc. 5.58 (3/1eCh N306aKeHa TaK
HasblBacMasl cxeMa DaKcaHIa/ia, B Hell MO0 CPaBHEHWIO ¢ MPeAbIAyIeld M06aBIeHbI
pesucrop u auon) [8]. B pesysbrare mosyuaercst XapaKTePUCTUKA, CXO/HAS C TOH, UTO
nzobpaxkeHa Ha puc. 5.7, 5.8 I IBYXTaKTHOTO SMUTTEPHOTO TTOBTOPUTEIS HA MCTHH-
HO KOMILJIEMEHTAPHBIX TpaHaucTopax, xoTs seaunanna KHU B aTom ciryuae okasbiBaet-
cs1 HECKOJIbKO BbIIle, 4eM y TocyenHero. Korma okoneunwlii kackaa baxcanmamma
ncnob3yeTcs B coctaBe Y M3Y, B KOTOPOM MUHUMHM3UPOBAHBI HCTOYHUKH HCKaXKe-
uwuii 1, 2, 4 u 7, o npu 3amrayToM KoHTYpe OOC ymaercst 10CTUYb HEIJIOXUX XapakK-
tepuctuk: Harpumep, KHU moxer cocraBmstte 0015% ma gacrore 1 kI'ig u 0,015% na
vacrore 10 kIt pu BhIxoAHO#M MomHoctu 100 Bt u ipu ymepennoit riybure OOC
(okosio 34 nb na wacrote 20 x['1).

OcHoOBHasi TIpUYMHA, 10 KOTOPOI B HBIHEITHEE BPEMs elle MOXKHO HMCIIOJIb30BaTh
cxeMmy bakcanzjania Ha KBa3MKOMIIEMEHTAPHBIX TPAH3UCTOPAX, 3AKTIOYAETCI B TOM,
YTO OHA JIeTEeBJIe, YeM NCTUHHO KOMILJIEMeHTapHas (MOIIHbIE P-N-P-TPAH3UCTOPHI BCE
elle JIOPO:Ke, 4YeM MX N-p-n-aHasnoru). Eciau ydyects, uto cronMocts nuona bakcanma-
Jla HIYTOKHA [0 CPaBHEHHIO CO CTOMMOCTHIO Bcero Y M3Y, a ysyumerne XxapakTepu-
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CTHKH, TOCTUTAEMOE C €TO MTOMOIIIBIO, OYEBUIHO, TO OCTAETCA YUBIATELCH, TIOYEMY €IIle
HUHOT/IA MCTIOTB3YIOT OOBIYHYIO KBA3MKOMILIEMEHTAPHYTO CXeMY. JKCIIEPUMEHTDI aBTO-
Pa HOKa3bIBAIOT, YTO BHIOOP HOMUHAJA pe3ucTopa R1 B cxeme Ha puc. 5.5B He KpUTHYEH
(BmostHe pazymMubIM 6yeT B3saTh R1, paBroe Rc).

5.4.4. CTpoeHHble TPaH3UCTOPbl B OKOHEYHbIX KacKagax

Eciu B kaxx10M 1171e4e JIByXTaKTHOIO OKOHEYHOT'O KacKa/la MCII0Ib30BaTh He /1Ba, a TPU
OUTIOMAPHBIX TPAH3MCTOPA, TO KOJUYECTBO BO3MOKHBIX MOAMNGUKAINNN BO3pacTaeT
CBEPX TOTO, YTO MOKET OBbITh 371eCh Geryio paccMoTpeHo. MoKHO Ha3BaTh JBa Cylle-
CTBEHHDBIX IIPEUMYIIECTBA, JOCTUIAEMBIX IIPU IIPaBUJIbHOM [IPUMEHEHUM CTPOEHHBIX
TPaH3UCTOPOB!

- JIydIast JUHEeHOCTB;

- 6osiee cTabuibHOE MOJ0KeHHe pabouell TOUKU TOKOs 6arofaps MOHU-
JKEHHOUM TelJIOBOW MOIIHOCTH, pacceuBaeMOW B IIPEJJOKOHEYHOM
Kac-Kaje.

Tem ne MeHee, CTPOEHHBbIE TPAaH3UCTOPbI HE MOTYT YMEHBIINUTH MCKAKEHUS THUIIA
«CTyNeHbKa» U CHU3UTh WHEPIIMOHHOCTD TEPEKTIOUEHNST TPAH3UCTOPOB HA BBICOKUX
YaCTOTaX.

Ha puc. 5.6 npuBesieHbl Tpu HanbOIEE YACTO UCIIOJIb3yEMbIE CXEMBI HA KOMILIEMEH-
TapHbIX Tpoiikax. IlepBble ABe UCIIONB3YIOTCS B KOMMEPUYECKUX Pa3padOTKaX, TPEThs
Tpe/yIosKeHa aBTOPOM TaHHOUW KHUTH.

Cremyer 3aMeTUTb, YTO IIPOEKTUPOBAHNE OKOHEYHBIX KACKA/OB HA CTPOEHHBIX TPaH-
3ucTopax TpebyeT KpaiiHell BHUMATEJbHOCTH, T.K. BO3MOKHA HecTabwibHast paborta
KaKZ0T0 uX I1J1e4 Ha BBICOKHX YaCTOTaxX.

5.4.5. Cxema YM3Y ¢ Tpems napannenbHoO coeANHEHHbIMW OKOHEYHbIMU Kackajamu
Ha 0CHOBE SMMUTTEPHOro NOBTOpUTENS

WHorma HEoOXOANMO HCIOIb30BATh TPU OKOHEYHBIX KacKajga BMECTO JBYX MPOCTO
MOTOMY, 4TO TPeOYeTCsT 09eHb HOMBINON BBIXOAHON TOK. ECIM COMPOTHBIIEHNE HATPY3-
K1 coctasiisteT Beero 2 uian 1 OM, To 06BIYHO MPUMEHSIETCS ApaIIETbHOE COeInHE-
HIe OKOHEYHBIX KacKag0B. Ho 0OBIYHBIN MPeIOKOHEYHBIH KacKa MPOCTO He B COCTOSI-
HUM 06ECIIeYnTh JOCTATOUHbIH 6A30BBII TOK JIJIsA yIIPABJIEHUA GOJBITM KOJTUYECTBOM
OKOHEUHBIX TPAH3UCTOPOB, OCOOEHHO €CJIM YUECTh, YTO UX KOIDPUIUEHT YCUTCHST
Toka 6as3bl B moctaTouHo Mas. Jlake ecyqu WCIOJNB3YeTCsT MPENOKOHEUHbIH KaCKa
C IOCTATOYHOMN BBIXOIHOU MOIIHOCTBIO, MBI OIISITh CTAJKUBAEMCSI C TPOBJIEMON HU3KO-
IO 3HAYEHUsI 3 MCIIOJIB30BAHHBIX B HEM TPAH3UCTOPOB: TENEPD YiKe KACKA[[ YCUITUTES
HAIIPSKEHUsT He MOKeT 06ecednTh HeoOXOMMMBIi BEIXOAHOH TOK. [loaToMy y paspa-
60TYNKA UMEIOTCST IBE BOSMOKHOCTH: JINOO 3aCTABUTh KACKa/[ YCUIUTEIS HATIPSIKe-
HUST pabOTaTh MPU BBIXOJHOM TOKE B COTHU MUJUTHAMIIED, JUOO MCIOTb30BATH st
YCUJIEHUS TOKA JI0IOJHUTEIbHBIM KAacKa[ MEX/Y YCUIUTEIeM HAIIPS)KeHU U 1IPeJIo-
KOHEYHBIM KacKagoM. BTOpoil myTh OOBIYHO MPOIIE, MOITOMY TIPUMEHSIETCS Jallle
Bcero (puc 5.13).
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* * *® *® o V-
MpenBapuTenbHbIi dasounHBepTOp MapannenbHble
Kackap, BbIXO[HbIE
Kackaabl

Puc. 5.13. Cxema YM3Y ¢ tpems napannensHo coeguHeHHbIMM OKO-
HEYHbIMM KACKOAGMM HO OCHOBE SMUTTEPHOrO MOBTOPUTENS U [ONONHU-
TenbHbIM KACKAAOM ycuneHus Toka. B oboux npegokoHeuHbix kackaaax
MCMONb3YIOTCS PE3UCTOPbI B SMUTTEPHOM Lieny

B nanHO¥ cxeme B IOTIOTHUTETHHOM TPEIOKOHEYHOM KacKa/le TPAH3UCTOPHI JI0JIKHBI
paccenBath He CJIUIIKOM GOJIBIIYIO MOITHOCTb, MOKHO HCIOJIb30BaTh TPAH3UCTOPHI
CpemHell MOITHOCTH, Hampumep, ¢ KopiycoMm tuna TO220, npudeM Ay HUX BPS JN
noTpebyeTcst TEMNo0TBO. TeM He MeHee, MOTYT UMEThCSI IPYTHe IPUYUHBIL, TI0 KOTOPBIM
pa3paboTUrK 3aX04YeT WCIOIb30BATh TEILIOOTBOABI (W, TIO KpaiiHell Mepe, OCTaBUT
TP MPOEKTUPOBAHUY TIJIATBI IOCTATOYHOE MECTO JIJIST X BO3MOKHOTO Pa3MEICHMST ).

B cxeme Ha puc. 5.13 majeHune HanpsiKeHHs Ha pe3ucrope R2 cocraBisieT 0K0JIO
1,2 B, Tak 4To0 KOJUIEKTOPHBIN TOK TpaH3uctopoB Q3 u Q4 cocTaiisieT IPUOIM3UTETb-
1o 7 MA. Ho nanpsixenne na pesucrope R1 6ombie, yem na R2, na 2U g4 u cocrass-
eT, TakuM 00pasoM, 2,4 B, mosToMy KOJUIEKTOPHBIN TOK TpaHsucTopoB Q1 u Q2 Gymer
7,3 MA. (Pasymeercs, TOKH, TeKylIe yepe3 TPAH3UCTOPDI, ONPENeII0TCS HOMUHAJIA-
M pe3rcTopoB R1 u R2, HO X 3aTpyAHUTENHHO BRIGPATH HOJIBIIE, YeM 371eCh YKA3aHO,
MTOCKOJIBKY 9TO OTPHUIATEJIBHO CKAXKETCS Ha CKOPOCTU 3allMpaHUs TPAaH3WCTOPOB HA
BBICOKHUX YacTOTax.) Tak Kak B IOMOJHUTETBHOM KAacKajie YCUIEHHS UCIIOJIb3YIOTCS He
CJIMIIIKOM MOIIIHBIE TPAH3MCTOPbI, TO OHU BCe-TaKW OYAyT 3aMETHO HarpeBaThCs,
B pe3yJibTaTe TOK CMEIEHNs, TI0[aBaeMbIil HA TPAH3UCTOPBI OCJEAYIONIETO KACKaa,
6y/IeT HECKOBKO U3MEHSThCS. Vcmob30oBatie TEMIIO0TBOMOB HE YCTPAHsIET JAHHBII
3(pdeKT MOIHOCTHIO, HO TIO3BOJISIET €70 3HAYUTETHHO YMEHBIIHUTh.

B ommceiBaeMoii cxeme MpelOKOHEYHBIN KacKajl IOJKEH BhIPAbaThiBaTh HAMPSIKe-
HUeE, JIOCTATOYHOE JIJIST OTITUPAHS [IeCTH Ga3a-aMUTTEPHBIX P-N-TIEPEXOI0B, K TOMY JKe
CHle/lyeT YUUTHIBATh HEOOBINOE MajileHre HAMPSIKEHUS Ha SMUTTEPHBIX PE3UCTOPAX.
Takum 06pasoM, Heo6X0AMMO HanpsikeHue okosio 3,9 B. Kpome Toro, Tpebyercs 3Ha-
YUTebHAS TEMIEPATYPHAS KOMIIEHCAIVS, TaK KaK IPU M3MEHEHUU TeMIIEPATYPhI
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6le€T N3MEHATDHCA HAlIPAKEHNE UB3 Ha 6&33.-3MI/ITTGPHOM p-n-epexoe Kaskaoro n3
BBIXO/ITHBIX TPAaH3MCTOPOB.

5.5. HennHenHble NcKa)xeHUs B OKOHEeYHOM KacKaje

HamomMuuM, 4To MBI pa3zieJinin NCKa)KeHUS TPETbEro TUIA Ha TPU MOATUIIA: UCKaKe-
HUst OOJIBIIOTO CHUTHAJA, MEPEXOJAHbIE MCKAKEHUSI <«CTYMEHbKAa» U HCKaKEHUS,
BbI3BAHHbIE HHEPIIMOHHOCTHIO 3AITMPAHUS TPAH3UCTOPOB. Y POBEHb UCKAKEHU I OOJIb-
IIOTO CUTHAJA OMpEAeNaseTcs KaK TOMOJOTHENH CXeMbl, TaK W XapaKTePUCTHKAMU
KCIIOJIb30BAHHBIX B HEM TPAH3UCTOPOB. BesmunHa mepexoiHbIX UCKAKEeHUH 3aBUCUT
[JIABHBIM 06Pa30M OT CTAGUIBHOCTH HATIPSKEHMST CMETEH s, 2 MHEPIIMOHHOCTD 3alli-
PaHUs — OT CKOPOCTHU PACCACHIBAHUS HOCUTENEN 3apsijia B Gase OUIOJISIPHBIX TPAH3U-
CTOPOB, MCIOJIb30BAaHHBIX B OKOHEYHOM Kackajle. PaccMoTpuM, Kak MOKHO CHU3UTD
YPOBEHb 3TUX UCKAKEHUI.

B riiaBe 4 66110 TTOKa3aHO, YTO BJIUSHIE HETMHEHHOCTH MAJIOCUTHAIBHBIX KACKA/IOB
MPU HAJIJTEKAIIEM TPOEKTUPOBaHUU (TIPU UCTOJH30BAaHUU HE CJIUIIKOM CJIOKHBIX
THUIIOBBIX CXEM) MOKHO YMEHBIIHUTD JI0 TAKUX BeJauuuH, yto oommiit KHU yeunurerst
Gy/IeT OTPEENSITLCS TIABHBIM 00pa3oM HETHHEHHOCTHIO OKOHEYHBIX KacKanoB. [lep-
BBl MCTOYHUK HCKAKEHUU HE MOKET OBITh MOJHOCTHIO YCTPAHEH, HO YaCTOTHBIN
JIMANa30H ero BJWSHUA JIeTKo ciaBuraercs Boiie rpanuipl 20 kI'u. Bropoil ncrounmnk
UCKaXeHUH 2(GHEKTUBHO YCTpPaHSETCS TPU HWCIOJTb30BAaHUM KACKOJHOW CXEMBI.
B riaBe 6 Mbl 00CYyZiMM METOJIbI, KOTOPBIE II03BOJIAT HaM 3(D(PEKTUBHO CHU3UTD YPO-
BEHb MCKaKeHWiT TUTa ¢ 4-T0 1o 8-ii. TakuM 06pa3oM, OCTAIOTCS TOJBKO MCKAKEHVST
TPETHETO TUTIA, KOTOPBIE HE MOTYT OBITh YCTPAHEHBI B IPUHIIUTIE, TTOKA MBI UCTIOJIB3YEM
B OKOHEYHBIX KacKa/lax peskuM Kiacca B.

5.5.1. UckaxkeHus 6onbLuOro curHana (MckaxxeHue 3a)

Yewm 60JbITIE TOK HATPY3KH, TEM BBIIIE YPOBEHD NCKAKEHHIT — TAHHOE TIPABUIIO, TIO-BHU-
IMMOMY, He uMeeT uckiodeHni. [TocMoTpuM, 4TO MBI MOXKEM € 3TUM 10/IeJIaTh.

YpoBeHb HETMHEHHBIX NCKAKEHUN <«Oe3yMPEeYHOTO YCHUIUTENST» C OKOHEYHBIM
KackazioM Kjiacca B mpu paGore Ha Harpysky conporusienneM 8 OM He CUIIbHO 3aBU-
CHUT OT TaKUX IIJIOXO OTIpe/ie/IeHHBIX TTapaMeTPOB BBIXOJHBIX TPAH3UCTOPOB, KaK K03(-
unuent nepenaun toka 6asbl. [nasabim obpasom KHU onpeaensiercs nepexoHbMu
HCKQKEHWSIMH, a T€, B CBOIO OYEPE/lb, 3aBUCAT OT HANPSKEHUH, TPU KOTOPBIX paboTa-
10T BBIXOJIHBIE TPAH3UCTOPDIL.

YpoBeHb MCKaskeHUI HEHArpyKEHHOTO yCUInTesd odeHb HU30K. Ho 1pu ymenbiie-
HUM COTPOTUBJIEHNST HATPY3KU OT GeCKOHeTHOCTH /10 4 OM MCKaKEHUST PE3KO BO3PaCTa-
10T (cM. puc. 7.25). Ilpu conporuBienusix Harpy3ku Menee 8 OM CTaHOBSTCST 3aMETHBI
HCKayKeHUsI IPYTHX THIOB U UX BKJIAZ B obmiee 3Havenne KHU yike TpeBbINTaeT BKIAT
MEPEXOMHBIX NCKKeHH. [JTaBHBIM 06PA30M B 9TOM «BUHOBATA» TPETHS TADMOHUKA YCU-
smBaeMoro curtasia. Ha puc. 5.14 Bumno, yro Beamunaa KHU na gacrore 10 kI mpu
COIIPOTHUBJIEHNH HATPY3KH 4 OM TIOUTH B /[Ba Pa3a BBIIIIE, YeM TIPU COMTPOTUBIEHNHT 8 OM.

3aMeTHM, 4To KOT/[a MbI TOBOPUM 00 MCKAKEHUSIX OOJIBIIIOTO CUTHAJA, TO IMEEM B BUJLY
6OJTBINOE 3HAYEHE TOKA, A He HAPSUKEHWsT. B 0T/iMdne OT epexoiHbIX HCKasKeHUTH, NeKa-
JKeHst GOJTBINOTO CUTHAJIA CYIIIECTBEHHO 3aBUCST OT XapPaKTEPUCTUK TPAH3UCTOPOB.
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AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz) 110CT 96 20:35:01
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Puc. 5.14, 3asucnumocts KHM ot uacrotsl yeunusaemoro curiana npu
conpoTueneHnn Harpyskn 4 u 8 Om ans «BesynpedHoro ycunutensi»
25 Bt/8 Om. Mpu yMeHblEeHUH cONPOTMBREHMS HArPY3KWU BEAMHYMHA
KHU pacrer 13-3a nckaxenuit 6onblioro curiana
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Puc. 5.15. Uckaxenus 6onbworo curiana gns YM3Y 50 Br/4 Om

HawuGonbimmii ypoBeHb UMEET TPEThsl TAPMOHUKA, TaK KaK 3aBUCMMOCTh KOahduIm-
€HTa YCUJIEHWSI OT aMILIUTY/Ibl CUTHAJIA CUMMETPUYHA, HO UMEETCs TakkKe W BTOpas
TapMOHMKA M3-3a TOTO, YTO KPUBas, XapakTepusyolnas najgeHue koahuiineHTa nepe-
Jlavn ToKa 6a3bl, 3aBUCUT OT TIAPAMETPOB TPAH3UCTOPOB ¥ HE COBMAAET C IOCTATOUHOI
TOYHOCTHIO B 0OOUX TJI€YaX ABYXTAKTHOTO OKOHETHOTO KACKAIA.



5.5. HEIMHEMHbBIE UCKAXKEHUS B OKOHEYHOM KACKALE [133

CFP1.CIR CFP O/P, MPSA42/92, MJ802/4502 Re=0,22  19/6/95
Date/Time run: 10/14/96 15:07:36 Temperature: 25,0
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Puc. 5.16. MonyyenHas nytem MmogenupoeaHms B cucteme PSpice sasu-
cMMOCTb KO3 UUMEHTA YCHNEHUS OT AMMAUTYAbI BIXOAHOMO CUrHANA
ANs CXEMbl OKOHEYHOrO KACKAAA HO KOMMAEMEHTAPHBIX napax ¢ obpar-
HOWM CBA3bIO NpH conpoTuenexuu Harpyskn 8 1 4 Om (Re = 0,22 Om)

Ha puc. 5.15 nokaszan ycuauBaeMblii curHaa 1 no6aBKa, 00YCIOBIEHHAS UCKAXKe-
HUSAME GOJIBIIIOTO CUTHAJIA TIPU BBIXOAHON MoIHOCTH 50 BT U CONPOTHBIIEHIH HATPY3-
k1 4 OM. [IJ11 CHUDKEeHUST BAUSIHUS IIYMOB CUIHAJIBI OBLIM YCPEAHEHbI [I0 CEPUH SKCIIE-
pUMeHTOB (M3MepeHus ObLIN OBTOPEHbI 64 pasa).

Wckaskenus GOJIBIIOTO CUTHAA XapaKTePHbI KaK /I CXeM Ha OCHOBE 9MUTTEPHBIX
[OBTOPUTEEH, TaK U A KOMIUIEMEHTAPHBIX Iap ¢ OOpaTHOH CBs3bI0. 31€Ch MbI
COCPEOTOUNMCST B OCHOBHOM Ha mocyexuux. Ha pmc. 5.16 mokasaHa 3aBUCHMOCTD
Koa(bUIreHTa YCUTEHNUS OT aMIJIUTY/IbI BBIXOZHOTO CUTHAJA JIJIsT TUTIOBOM CXeMbI Ha
KOMITJIEMEHTAPHbIX MapaX ¢ 00paTHOM cBsi3bio (cM. prc. 5.5a). Kak BUAHO, TPH HU3KOM
COIIPOTHBJIEHUN HArpy3KW IMajeHye YCUJIEHUs P POCTe YPOBHS cHMrHajga OoJjiee
sametHo. KpuBas Hecummerpuyta (IIpy OTPULATEIbHOM HANPSKEHMH HAKJIOH 00JIb-
11e), MO3TOMY TeHEPUPYIOTCS KaK YeTHbIE, TAaK U HEYEeTHbIE TADMOHUKHU YCUJINBAEMOTO
curnayia. MojieTupoBaHue cXeMbl Ha OCHOBE 3MUTTEPHOTO TIOBTOPUTEJIST Ia€T IPUMED-
HO TaKOH ke pe3yJibTarT.

[Toyuaetcs, uto npu npoekTrpoBannn Y M3Y Ha GUIOISAPHBIX TPaH3UCTOPAX JJIS
MUHUMU3AIMK UCKAKEeHUI GOJIBIIOr0 CUrHAJIA JIydllle BCEro BbIOpaTh COMPOTUBICHHE
narpysku 8 uiu gaxe 16 Om. To, uto pactipocTpaHeHue MoJy4uIn TPOMKOTOBOPUTEN
conpotuBysierreM 8 OM, sABJSIETCS YUCTON CIHYYalHOCTBIO (OHU JIOCTAJINCHh HaM
B HACJIECTBO C T€X BPEMEH, KOT/A YCUJIUTEJU ObLIN JAMIOBBIMH), HO, KaK BHIUM,
MMEHHO [IPU TAKOM COIIPOTHBIEHUN YPOBEHD UCKAKEeHU 6OJIBIIOTO CUTHAIA OKA3bIBa-
€TCsI He CJIUIIKOM 3aMEeTHBIM.
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AUDIO PRECISION P1 THD+N(%) vs FREQ(Hz) 30 AUG 96 20:55:36
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Puc. 5.17. 3asucumocts KHU ot yactotsl yeunusaemoro curiana npu
conpoTueneHnn Harpysku 4 n 8 OM B cliyyde MCNONb3OBAHMS B OKOHEY-
HoMm kackage TpaHsucropos 2N3055 u 2N2955 (cp. ¢ puc. 5.14)

B 6osnpmunacTBe YM3Y nckaxkerust 60IBIIOTO CUTHAMA TI0 CPABHEHUIO C APYTUMU
TUIIAME UCKaKeHUH BHOCST HanGoIbInuil BKaaj B obuuii yposerb KHU, moatomy ux
cJieflyeT MUHUMU3UPOBATh B IIEPBYIO ouepe/b. Tunuunas 3aBucumocts KHU ot wacro-
TBI TIPU MCITOJIb30BAHUH COBPEMEHHBIX TpaH3ucTopoB MJ15024 u 25 ¢hupmbr MoTopo-
Jla TIoKasaHbl Ha puc. 5.14. Ha puc. 5.17 mpuBemeHa Ta ke 3aBUCHMOCTb, HO 37IECh
HCIIONB30BAIKCE Ooee panHue Tpansuctopbl 2N3055 u 2N2955. IIpu conpoTuBieHnn
Harpysku 8 OM o6IIni ypoBeHb NCKAKEHUIA B 060UX CJIydasX MPUMEPHO OJMHAKOB, HO
171t 4 OM HOBBIE TPAH3UCTOPBI AIOT YJIydliieHre B 3 pasa. To U 1paBjia OOIbIION po-
rpecc.

IMocsie cepuu MOAOOHBIX SKCIIEPUMEHTOB, TPOBEIECHHBIX ¢ PA3JIUTHBIMY DJIEMEH-
TaMU, aBTOP MOJKET YTBEPKAATh, UTO «OE3yIPEUHbII YCUIUTENb> HE3ABUCUMO OT
THUIIA UCIIOJIb3yEeMBIX TPAH3UCTOPOB J0JIKeH obecieunBaTh 3HaueHne KHU 1o kpaii-
ueit mepe 0,001% wna wactore 1 kIt m 0,006% ma wactore 10 kTt (ipu pabore Ha
Harpy3ky 8 Owm). TpaHaucTopsl, HEOGXOAUMBIE JUIST TOTO, YTOOBI JTOCTHYL TAKWUX
[apaMeTpoB, CyIIeCTBOBaIM yxe B cepeaune 1969 roma, sarsosaka Oblia JIMINb
B HEJIOCTATKe HAIIMX 3HAHUM 0 MexaHu3Max (hOpMUPOBAHUS HEJUHEHHBIX UCKaXKe-
Huit B YM34.

Kpome moBbIlleHst ypOBHSI HEJWHEWHBIX MCKaXKEHUW, NPUMEHEHWe Harpy3Ku
€ HU3KUM COITPOTHBJIEHUEM BJIeueT 3a co0oil elrle U Apyrue mpobJieMbl, Tak Kak Tpeby-
€T YCTaHOBKHU (oJiee MACCHBHBIX TEILUIOOTBOJOB M WCHOJIb30BaHUs 00OJiee MOITHBIX
HUCTOYHUKOB IIUTAHUSL.

[empio maHHOTO paszesia SBISETCS PACCMOTPEHHE JOTIOTHUTENbHBIX MCKAKEHUI,
KOTOpble HAYMHAIOT IIPOSIBJIATHCS B OKOHEUHBIX KACKa/[aX IIPY YMEHbIIIEHUH COITPOTUB-
JIEHUSI Harpy3KH, HO CYIIECTBYIOT U JIPYTHe MPUYUHBI, N3-32 KOTOPBIX MOTYT BO3PACTH
TOKH, TeKyIue yepe3 aseMenTsl Y M3Y. Harpyska He BausieT Ha ypOBEHb UCKaKEHUT
1, 2 u 8 Tunos. Mckaxkenud 4-ro THUIIA, KaK MOXKET [I0KA3aThCs, BO3PACTYT IIPU yBeJIU-
YEeHWH TOKA HATPY3KH, TAK KaK B 3TOM CJIydae yBeJUINBAETCS TaKyKe U Harpy3Ka Kacka-
Jla yeuauTesis HanpsikeHus. Ho paccMoTpeHHbIe BbIllie METOIBI JIMHEApU3allni KacKa-
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JIa YCUJIATEJIST HarpsikeHust (MCIOJIb30BaHKe CynepOeTa-TPaH3UCTOPOB B SMUTTEPHOM
[IOBTOpPUTEJIE U KACKOAHAsA cxeMa ¢ Oy(depHbIM KacKaioM) II03BOJIIOT 3(P(hEKTUBHO
YCTPAHWUTh BJIUSHUE HATPY3KHU, UMEOIEeN copoTuBienne Huske 8 OM, Ha TIpebiLy-
TTe KacKa/Ibl.

YpoBeHb MCKaKEHUI 5-TO THIIA MOKET BO3PACTH C YMEHbIIEHHEM COIIPOTHBJIEHHS
Harpy3KH M3-3a TOTO, YTO IPU GOJIBIIIEM TOKE YBEJIMYMBAETCS HECTAOMIBHOCTD HAIIPSI-
skerust nutanusa. Ho nanasiii ah@dext MoKHO HEUTPAIN30BaTh YBEINIEHUEM eMKOCTH
puabTpyfomux KoHeHcaTopoB. [laxke eciu mysibcaniuyl HaNPSKEHUS TUTAHWST BO3Pa-
CTYT, MOSKHO HCIT0/Ib30BaTh RC-(puiabTphi.

YpoBenb nckaxkenuii 6-ro TUIA BO3PACTET U3-32 TOTO, YTO YBEJTUUUTCS TOK OKOHEY-
HOTO Kackajia. VIckaskeHust 7-T0O THIIA, €CJI OHM BOOGIIE UMEIOT MECTO, IIPU yBeJIde-
HUY TOKA HATrPy3KW TaKXKe YCUJIATC.

3 Bcex pacCMOTPEHHBIX MCTOYHUKOB MCKayKEHU I, YeTBEPTHII ONPeAessseTcs BbIOO-
poM cxeMbl (U JIETKO MOXKeT ObITh MUHUMH3WUPOBAH HIDKE W3MEPSIEMOTO IOpPOra),
a UCTOYHMKH 5, 6 1 7 OIIpe/Ie/IAI0TCs TOIOIOI el CXeMbI, TO €CTh CIIOCOOOM CBA3H Pas-
JINYHBIX 3JIEMEHTOB CXE€MbI MEXKIY c000it (1 Takke MOTYT ObITh 3((HEKTUBHO MUHUMHE-
supoBanbl). TakuMm 06pasoM, OCTAeTCS TOJIbKO HCKa)keHHe OOJIbIIOrO CUIrHaja
(B Hamelt kraccuuKAIUU 3TO TUTL 3a).

5.5.2. NIHBapnaHTHOCTb K CONPOTUBNEHUNIO Harpy3Ku

B uneansaom YM3Y Bce UCTOUHUKYN UCKAKEHUH TOIKHBI ObITh TTOJTHOCTHIO MUHUMU-
3MPOBaHbI U OH He J0JKeH Ipu pabore Ha Harpysky 4 Om umers yposerb KHU 601b-
i, geM ipu 8 Om. [IpyruMu cioBaMu, MOXKHO CKa3aTh, 4To Takoit Y M3Y aBisiercs
WHBAPUAHTHBIM K CONPOTUBJIEHWIO HATPY3KH IPU ee MOHWXKEHUU BILUIOTh /10 4 Owm.
Huxuuil mopor HeoOXOAUMO yKa3blBaTh, TAK KAK MPHU YMEHBIIEHUN COMPOTHUBJICHUS
HArpy3Ky MHBAPUAHTHOCTH, OYEBU/IHO, PAHO WJIH TTO3/IHO HAPYIIAETCS.

5.5.3. MexaHu3m opmMnpoBaHms NCKaXKeHN GoNbLLIOro CUrHana

[Ipy cHMKeHUW COMPOTUBJIEHUS HArpy3ku Y M3Y HanpsuKeHWs Ha ero BBIXOJHBIX
3JIeMEHTaX CyIIEeCTBEHHO He uaMeHdioTcs. [loaToMy i1 ananmsa ypoBHS UCKasKeHUN
GOJBIIOr0 CUTHAIA HEOOXOAUMO PacCMaTPUBATh TOKH, TEKYIIUE YePe3 TPaH3UCTOPHI
MIPEIOKOHEYHOTO ¥ OKOHEYHOTO KACKaJIOB.

Camo 10 cebe IBYKpaTHOE YBETUYEHUE BBIXOAHOTO TOKA TP CHUKEHUHN COTIPOTHB-
JieHUs Harpy3Kku ¢ 8 10 4 OM He BBI3BIBAET CYIIECTBEHHOTO POCTA YPOBHS HEJTMHEIHBIX
uckaxkenuil. Besmunna KHU BospactaeT u3-3a TOro, YTO BBIXOHOM TOK IIPEJOKOHEY-
HOTO KacKajia Bo3pacTaeT Oojiee ueM B [[Ba pasa, YTO OOBSICHSIIETCS CHUKEHUEM KO3(-
(uinenTa nepenaun Toka 6a3bl IPU BO3PACTAHUU KOJUIEKTOPHOTO TOKA. VIMEHHO aTa
nobaBKa ¥ OTBETCTBEHHA 32 YBeJIMUYEHNE YPOBHSI HCKakeHni. Pagymeercs, Heo6xoaum
6oJiee TIIATENBHDIN aHAIN3, HO, TIO-BUANMOMY, BEJMUNHA YKA3aHHOM [06aBKH CyIIile-
CTBEHHO HEJMHEHHO 3aBUCUT OT aMIUIMTY/bl BBIXOJHOTO CHUTHAJa U CyMMHUpPYeTCS
C HEJIMHENHOCTHIO TIPETOKOHEYHOTO KacKkaza. J(PGEKT CHIDKEHWs [ ompenessiercs
(busuKoii paboThl GUIOISIPHOTO TPAHZUCTOPA, TOITOMY paspaborunk Y M3Y Hukak He
MOZKET €r0 YCTPAHUTh, HO OH MOJKET OBITh CHYZKEH ITyTEM MoA00Pa THIA UCITOIb3YEMbIX
TPaH3UCTOPOB.
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Nmerorcs caenpyiomiye oKa3aTeIbCTBA IPUBEIEHHOTO 3/IeCh YTBEPKAEHUS OTHOCH-
TENTLHO TOTO, YTO MMEHHO majienne KoabduireHTa B BbI3bIBAET POCT HETMHENHBIX
HCKaKeHUI IIPU CHUKEHUHN CONPOTHUBJIEHNS HATPY3KU:

P MoziesinpoBanuu B cucteMe PSpice yBenudenue napamerpa IKE Bxo-
ISITIETO B MOJIESh GUITOJMPHOTO TPAH3UCTOPA U TTO3BOJIAIONIETO YMEHD-
IIUTh BJAUSHUE KOJLIEKTOPHOMN 11e1 Ha BeJInyuHy Koagduiinenrta nepe/a-
4y ToKa Gaskl, I0Ka3aJI0, 4TO B 9TOM ciydae addekr ypenndenns KHI
OTCYTCTBYET;

[IpU 3aMeHe TPAH3UCTOPOB MOJEJU TIPEJOKOHEUHOTO KacKajla MCTOYHU-
KOM HaIPsIKEHUS ¢ HyJIEBBIM BHYTPEHHUM COMPOTUBIIeHUEM a(PdeKT yBe-
suvyernss KHU nipu cHuzKeHUM COTIPOTUBIICHUS HATPY3KU TaKKe YCTPaHsi-
eTcs;

HCKaKEeHVE YCUJINBAEMOTO CUTHAIA, 00YCIOBIEHHOE JeWCTBIHEM OKOHEU-
HBIX KacKaJl0B, MOJKHO PACCMaTPUBATh KaK Pa3HOCTb BBIXOIHOTO U BXO/I-
HOTO cuTHanoB. OHa CKJIAIBIBAETCS M3 TPEX COCTABJISIONINX: TaJeHUS
HATIPsKEeHUsT Ha (6a3a-9MUTTEPHOM MEPEXO/ie TPAH3UCTOPA MPEIOKOHEU-
HOTO KacKa/la, aHaJIOTMYHOT0 IapaMeTpa OKOHEYHOTO KacKa/la 1, HaKOHell,
mafleHnsd Hamps:KeHns Ha amuttepHoM pesuctope Re. [locnennee, ode-
BU/IHO, JIMHEWHO, a MOZIeJMPOBaHNe HEJIUHEHHOCTH TPaH3UCTOPOB OKO-
HEYHOTO KaCKaJa TTOKAa3bIBAEeT, YTO OHA HE 3aBUCUT OT COMPOTHUBJIEHUS
HarpysKHu.

5.5.4. NapannenbHoe coeauMHeHNE BbIXOAHbIX TPAH3UCTOPOB

VckasxkeHre GOMBLIOTO CUTHANA MOKET ObITh 9P(PEKTUBHO CHIZKEHO MyTeM AyOIupo-
BaHU BBIXOJHBIX TPAaH3UCTOPOB. KpoMe Toro, aTOT criocob MpUXOIUTCS UCITOIB30BaTh,
ecJii HeOOXOIMMO MOJIYYUTh GOJIBIIYIO BEIXOAHYIO MOIHOCTh. CHUZKeHUE KOa(duiim-
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Puc. 5.18. 3aemcnmocts KHM ot uacrotsl ycunusaemoro curana ans
yennutens 30 Br/8 Om npu pabote Ha Harpysky 4 OM B cnyuae ogu-
HOYHBIX M CABOEHHBIX BbIXOAHbIX TpaHsuctopos MJ15024/15025
bupmel MoTopona
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eHTa 3 3aBUCUT OT TOKA KOJJIEKTOPA, HO €CJIH JBA BBIXOIHBIX TPAH3UCTOPA COEIITHEHBI
MapajieTbHO, TO YBEJTNYEHNE KOJJIEKTOPHOTO TOKA KasK/IOTO U3 HUX B JIBA Pa3a MEHb-
1e, B pe3yJbTaTe yMeHblieHue koaduimenTa nepenaun Toka 6a3pl He TaK 3aMETHO
U YPOBEHb UCKAKEHUN HIDKe.

Ha puc. 5.18 mokaszano, 4To Nnpu HapaIeIbHOM COEIMHEHUM TPAH3UCTOPOB
MJ15024,/15025 ¢upmbr MoToposia BeauYnHA HEJUHEHHBIX WCKaKEHWU IeifCTBU-
TEJILHO CHIDKAETCS TIPAKTUYECKU BBOE. [IpU UCIOMb30BaHUE (OJIEe CTAPBIX TPAH3U-
cropoB 2N3055/2955 sabdekT oT mapaniesbHOrO COeIMHEHUST BBIXOIHBIX TPAH3UCTO-
POB IIPUMEPHO TOT ke (HO HadanbHblili ypoenb KHU mpu pabore Ha Harpysky
compoTuBieHneM 4 OM IPUMEPHO BTPOE BBIIIIE, Y€M B [IEPBOM CJIy4ae). 3aMeTUM, UYTO
tpansucrop 2N3055H mokaszasn 3HaUNTEIBHO XYALIYIO JUHEHHOCTD, YeM 3JIeMEHT 6e3
cybdukca H.

[MTockoMbKyY TIPY TTAPAJIETHHOM COEIMHEHUH BBIXOJHBIX TPAH3UCTOPOB He TpehyeT-
cs1 TOGABJISITh B CXEMY KaKue-JIn00 JOMOJHUTENbHBIE 9JIEMEHTBI, KPOME CAMUX TPAH3U-
CTOPOB, TO HATIPSDKEHUS HA AJIEMEHTaX IIPU 3TOM OCTAIOTCSI TEMHU JKe, I09TOMY YPOBEHb
HCKayKeHUH GOJBIIOrO CUTHAIA U3MEHUTHCS TaKKe HE JOJUKEH. Y IBOCHUE BBIXOIHBIX
TPAH3MCTOPOB TIO3BOJISIET TIOBBICUTD 3AI1AC 110 MOIITHOCTU BBIXO[HOTO CUTHAJIA, & TAKKe
06J1er9uTh PabOTY UCTOYHUKOB MMUTAHUSI U TETLIIOOTBOIOB.

— 5C3281

T~ T

100

80 i
\

T~ |MJ21194

60 \
MJ15024
40 ‘\I
20 —
\
0
0 1 2 3 4 5 6 7 8 9 10

Tok KonnekTopa
Puc. 5.19. 3asucumocts koadpduupenta nepepaum Toka 6asbl oT Toka
KONNEKTOPA ANs PA3AMUYHbIX TPAH3UCTOPOB (BennunHa 3 Hopmanusosa-
Ha K 3Hayenmio 100 npu toke 0,5 A)
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Puc. 5.20. BenuunHa Kko3dPUUMEHTA HENMHEMHBIX MCKAXKEHMM OT
4OCTOTbI YCUAMBAEMOrO CUIHANA NPU COMPOTMBIEHUM HArpy3ku 4
8 Om (ans YM34 40 Br/8 Om 1 80 B/ 4 OM c BbIXOBHBIMM TPAH3MCTO-
pamu 25C3281/25A1302)

5.5.5. Ucnonb3oBaHue BbIXOAHbIX TPAH3UCTOPOB C yNy4LleHHbIMU XapaKTepucTukamm

[Tapa komiieMeHTapHbIX Tpan3ucTopoB 2SC3281/2SA1302 B iiacTMaccoBOM KOpITyce
TO3P nosyunsm 8 mupe Hi-Fi perryraiuio asieMeHTOB ¢ yIy4IieHHOH JINHEHHOCTHIO TI0
CPaBHEHWIO ¢ OOBIYHBIME TPaH3ucTOpaMu. COMHUTETBHBIE 3asIBICHUS TIO[0OHOTO THITA
BCer/ia BBI3BIBAIOT 1M0I03peHust, Ho Tpauauctopbl 2SC3281/2SA1302 dupmbr Toshiba
u ux anasorn MJL3281/MJL1302A ¢pupmbr Motorola (koTopbie Takske HMEIOT KOPITYC
TO3P) nmeiicTBUTENBHO XapaKTEPUIYIOTCSI MEHBINNM TIafienueM koadduiiuenta 3, yem
«CPEIHeCTATUCTUYECKUI» MOIIHBINA OMITOJIAPHBIN TpaHsucTop (puc. 5.19) u, caenosa-
TEJIBHO, O3BOJISIIOT CHU3UTh YPOBEHD UCKAKEHUIT GOJIBIIIOTO CUTHAIA.

3asucnumocts KHU oT 4acToThl yenamBaeMoro curHa a pu paboTe Ha HATPY3KY
cornporuByieHneM 4 1 8 OM TIpu UCTIOIb30BaHUN TpaH3ucTopoB 3281/1302 npuBenena
Ha puc. 5.20. Kak Buaum, ypoBeHb HEJTMHEHHBIX HCKaKeHUH B Anama3one 2—8 kI cHu-
JKeH 1mouTH B 1,4 pasa 10 CpaBHEHUIO C TeM, YTO MOKHO TIOJTyYHUTh, IIPUMEHSIsST OOBIYHBIE
TpaH3ucTopbl (cM. puc. 5.14). VIamepeHus: GbLIM TOBTOPEHBI HECKOJIBKO Pa3 ¢ Pa3ind-
HBIMU TTapamM¥ Tpan3uctopoB 3281/1302, u kaxprit pa3 puUKCUPOBAICS aHATOTUYHBIN
pesyJIbTar.

Mo3skHO TIOWTH JJasibllie ¥ COBMECTHUTD yJIydllleHe ITapaMeTPOB TPAH3UCTOPOB C OIU-
CaHHBIM TOJIBKO YTO METO/IOM WX TapaJijieJIbHOTO BKJIIOUYEHUs. Pe3ybTaT IOKa3aH Ha
puc. 5.21. CpaBHuBast JaHHbBIN rpaduK ¢ TeM, 4To n306pakeH Ha puc. 5.20, MOKHO yBU-
JIeTh, 9TO TIpK paboTe HA HATPY3KY compoTuBaeHueM 4 OM criapuBaHue TPaH3UCTOPOB
mo3BoJsieT cHu3uTh Besnunny KHU npumepno BaBoe (Bemmunaa KHU mang YM34
80 Br/4 Om na yacrore 15 kI'n ymenbmuiach ¢ 0,009% mo 0,0045%). 3amerum, uto
IIJIST HArPY3KU CONPOTHBJIeHNeM 4 OM ypOBEHb UCKaKEHIH TpUMepHO B 1,2 pa3a BhIIIe,
yeMm 1ipu 8§ Om.

VIMetoTest U ApYTHe TPaH3UCTOPBI, Y KOTOPBIX KOa(MMUIIMEHT mepegadn ToKa 6asbl
C YBeJIMYEHUEM KOJIJIEKTOPHOTO TOKA TTaJIaeT He CUIIKOM CUJIbHO. MOKHO YIIOMSHYTD
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Puc. 5.21. BennunHa ko3dPUUMEHTO HENMHEMHBIX WMCKAXEHMH OT
YOCTOTbI YCUAMBAEMOrO CMIHANA NPU COMPOTMBIEHMM HArpy3ku 4
8 Om (ana YM3Y 40 Br/8 Om 1 80 Br/ 4 Om npu napannensHom kto-
YeHWM BbIXOAHBIX TpaHaucTopos 25C3281/25A1302)

anemenTel MJ21193, MJ21194 (xopmyc TO3) mu MJL21193, MJ1L21194 dpupmbr Moto-
rola. OHU fafOT ypOBEHDb MCKaKEHUIT, MEHBIINH, YeM TIPU MCHOJIb30BAaHUN OOBITHBIX
TPAaH3UCTOPOB, HO OOJIBIINH, YeM IIpH IpuMeHeHun saemenTos 2SC3281/2SA1302.

3aMeTuM, 4TO TTapaJieJibHOe COeJMHEHE BBIXOHBIX TPAH3UCTOPOB C YY€TOM BO3-
pactaHusi CTOMMOCTU TEILIOOTBOAOB U TPaHCHOPMATOPOB €T MPUMEPHO IISATUIIPO-
IIEHTHBIN TIPUPOCT CTOMMOCTH cTepeodoHndeckoro Y M34.

5.5.6. LLyHTMpyiowme gmoabl B SMUTTEPHOM Lienu

JIst CHUJKEHUs] YPOBHSI MCKA)KeHWi OOJBIIOTO CUTHAJA B TEPBYIO OYepeilb aBTOP
MOTPOOOBATT MCTIOIB30BATH MOTIHBIE THO/BI, TIOKII0YaeMBbIe MAPAIETbHO K PE3UCTO-
pam comnporusiieareM (0,22 OM, yCTaHOBJIEHHBIM B 9MUTTEPHYIO T1€TIb BBIXO/IHBIX TPaH-
3ucTopoB. [T0JOKUTENBHBIN PE3YIBTAT TAKOH MOAU(DUKAIIMN CXEMbI 3aMETEH TTPU HOJTb-
TOI BBIXOJTHOW MOTITHOCTU M OY€Hb HU3KOOMHBIX Harpyskax (CONPOTUBJICHUEM MeHee
3 Om), He Tak yx yacto ucrosbdyembix B Hi-Fi anmaparype. J[aHHbIi METO/T TTBITAETCS
JIEYUTH CUMITITOM (TTOZIABUTH UMEIOTIIECS] NCKAKEHNS ), a He caMy 60JIe3Hb, TIO9TOMY He
YIUBUTETHHO, YTO OH OKA3AJICS HE CIAUITKOM 3(hbeKTUBHBIM (CM. puc. 5.25).

Hano samerntb, 4T0 BMECTO OGBIYHO WCIOJNB3YEMBIX PE3UCTOPOB C HOMUHATIOM
0,22 OM aBTOp MPEATIOYNTAET UCITOJIB30BATH B AMUTTEPHOI TIETTH BBIXOIHBIX TPAH3UCTO-
poB pesuctopsl conporusierreM (0,1 OM. B pesysipraTe HECKOIBKO YBEJIIYMBAETCS Pa3-
MaX HalPsKEHUsT Ha BBIXO/IE U CHUKAETCS YPOBEHD JIOMOJHUTETbHBIX HCKAKEHMI, TeHe-
PUPYEMBIX B OKOHEUHOM KaCKaJIe, €CJIi OH Oy/IeT ONMMOOYHO YCTAHOBJIEH B PEKUM KJTacca
AB. B pesyspraTe faske IpH HU3KOM COTTPOTHUBJICHUN HATPY3KH Ma/IeHIe HAIPSKEHNS Ha
KKIOM SMUTTEPHOM PE3MCTOPE OCTAHETCSI CJAMITKOM MAJBIM JIJISI TOTO, YTOOBI TIApaI-
JIETTbHO TIOIKJIIOUEHHBII KPEMHUEBBIH MO/ HAXOUIICS B OTKPBITOM COCTOSTHH.
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[Toaromy 371€Ch MOTYT OKa3aTbCs 1os1e3HbIMU Ano/bl HIoTKH, KOTOpBIE, KaK U3BeCT-
HO, UMEIOT MEHBINUN TTOPOT BKJIOYEHUS. ABTOD TPOBEJ IKCIIEPUMEHTBHI C JTUOJIAMH,
UMEIOIIMMY Pa3pelieHHbIil TpsaMoil Tok 50 A, HO 3aMETHOTO CHIIKEHHS YPOBHS MCKa-
JKEHWH GOJIBITOTO CUTHAMA IOCTHYD He yaanoch. Kpome Toro, Mormwbie guoast [IoTkm
CTOSAT HE MEHbIIIE, YeM MOIIHBIH TPAaH3UCTOP.

5.5.7. TpyAHOCTU Npun NCNONb30BaHUWN CTPOEHHbIX TPAH3UCTOPOB

Kak 1 Bo MHOTUX IPYTUX OTPACJISX HAYKU W TEXHUKH, B 9JIEKTPOHIKE BCET/Ia TMEETCS,
KaKk MHHHMMYM, JBa cliocoba perreHus: 000l mpobjeMbr: 1) aKCTEHCHBHBIN, KOTIa
3ajla4a PeIaeTcs ¢ MCIOIb30BaHueM TPYOOil CIITBI, «B 100> (HATIPHMEp, UCIOIb30Ba-
HUeM OOJIBIIETO YHC/IA UAEHTUYHBIX KACKAI0B WIH 3JIEMEHTOB) U 2) MHTEJIEKTYAb-
HBIH C1T0C06, KOT/Ia pa3spabGoTYUK BHIHYK/ICH M3BMEHUTH CXEMY WJIM TPUMEHUTH TY I
HHYIO XUTPOCTb, YTOOBI IOOUTHCS HY;KHOTO 3((DeKTa Wil yCTPAaHUTh KaKyk-JIrO0 Tpo-
Gsiemy.

Ecsn miepBbIii MeTOZ AMKTYET HaM WCIIOJIb30BAaTh TPU HMAEHTUYHBIX OKOHEYHBIX
Kackaza ¥ M3Y, BKITIOUEHHBIX MTApaJJIeIbHO, TO BTOPOM COBETYET MIPUMEHUTH B CXeMe
OKOHEYHOTO KacKaJla CTPOEHHbIE TPAH3UCTOPBI, TEM CAMBIM, CHU3WB HATPY3Ky Ha TPaH-
3UCTOPBI TIPEIOKOHEYHOTO KacKaa.

Mogenuposanue B PSpice nmokassiBaer, uTo mogo0Hbe cXeMbl (C¢M. puc. 5.6) mpeii-
CTBUTEJIBHO TIO3BOJISIOT OCTUYh HE TAKOTO OBICTPOTO CHUKEHUS Koa(uIineHTa mepe-
Jlaun ToKa Gasbl MPU POCTE KOJJIEKTOPHOTO TOKA, a HTO, KAK MBI TIOMHUM, SABJISIETCS
OCHOBHOI IPUYMHON (pOPMUPOBAHUS UCKAKeHH GosibiIoro curtana. OnHako, nocjie-
noBaresbHOE (2 He TapasieibHOe) BRIIOUEHNE TPeX YCUIIUTETbHBIX 3JIEeMEHTOB, OXBa-
yeHHbIX 061M KoHTYpoM OOC, Gosiee OMacHO ¢ TOYKH 3PEHUs CTAGUIBHOCTH. JTa
mpobiieMa, erire 6osiee 060CTpsieMast HUSKUM UMIIEaHCOM HarpysKH, IPU HEKOTOPHIX
KOH(MUTYPAIUSAX CXEMBI MOJKET OKA3AThCSI HE PEIIAeMOIL.

5.5.8. PaGoTa oKOHeYHOro Kackaja nNpu HarpysKke CONpoTMBIeHNEeM HuKe 4 OM

o cux mop Mbl 0bcyskaam pabory YM3Y mpu compoTuBieHu HArpy3ku 10 4 Om
BKJIIOUYUTETHHO, HO MMIIEAAHC TPOMKOTOBOPHUTEJNEH MOKET OBITh U HUXKE, TIOITOMY
OBLIN MTPOBEIEHBI KCIIEPUMEHTHI JJIsI 3HAYEHUsT CONMPOTHBJIeHus, paBHoro 3 Om. Ha
puc. 5.22 nokasaHa moJydeHHas 3aBUCUMOCTh K03 duiineHTa HeJMHEINHbIX UCKAXKe-
HUH oT yacToThl. Kak BumHO, Ha yactore 10 k[ mpm mcmomp30BaHUM TPAH3UCTOPOB
3281/1302 Bemuumna KHU pasuma 0,006%. I[lpm cmapuBaHWM TpPaH3MCTOPOB
3281/1302 yposenb uckaxenuii camskaercs: 10 0,003% (puc. 5.23). dust Takoii mpo-
CTOW CXEMBI 3TO TIPOCTO OTJIUYHBIN PE3yIbTAT, K TOMY K€ BBICOKAS TMHEIHOCTH OKO-
HEYHOTO KacKa/ia COXPAHIETCs MIPY CHIDKEHUH UMIIeJaHca Harpy3KU BILIOTH 10 3 OM.

Y nBanBaHMe BBIXOJHBIX TPAH3MCTOPOB, HE3aBUCHUMO OT THUIIA MTOCJIETHIX, TO3BOJIS-
€T CHU3WUTh YPOBEHb UCKAKEHUN MPUMEPHO BIBOE MIPU paboTe HAa HATPY3KY COMPOTUB-
JerreM 10 2 OM BKIIOYUTENbHO. HO /I IOCTUMIKEHUS BBICOKUX BBIXOIHBIX MOIITHO-
cTeil MOXKeT OKazaThCsl HEOOXOAMMBIM KCIIOJb30BAHWE CTPOEHHBIX OKOHEUHBIX
TPaH3UCTOPOB. B 9TOM ciiydae pe3ko yBeIUYMBAIOTCS PE3UCTUBHBIE MOTEPU U BBIXOJI-
Hast MOITHOCTD 1Tpu paboTe Ha Harpys3ky 2 OM MOKeT OKasaThCsl JIUIIb 4yTh OOJIBIIIE,
YyeM P Harpy3Ke conpotuBienreM 4 Om.
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Puc. 5.22. 3asucumocts KHU ot yacrotel ycunueaemoro curiana ans
opuHONHOM napbl Tpansuctopos 3281/1302 e okoHeuHom Kackape
YM3M (20 Br/8 Om; 40 Br/4 Om; 60 Br/3 Om) npu Tpex paznmuuHbix

CONPOTUBJIEHMUAX HATPY3KHU

AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) 21 AUG 96 21:28:26
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Puc. 5.23. 3asucumocts KHU ot yacrotbl yeunusaemoro curiana ans
caBoeHHoW napbl Tpausuctopos 3281/1302 B okoHeuyHoM Kackape
YM3M (20 Br/8 Om; 40 Br/4 Om; 60 Br/3 Om) npu Tpex paznmuutbix

CONPOTUBIIEHMAX HATPY3KKU
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Puc. 5.24. Cxema YM3Y, MHBAPMOHTHOrO K CONPOTUBAEHMIO HArPY3KM
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5.5.9. MoBbliweHne 3¢ PeKTUBHOCTM OKOHEUHOro Kackaja npu paboTe Ha Harpysky 8 Om

MozkeT IoKa3aThCst HEOKUIAHHBIM, HO TP UCTI0JIb30BAHNN TPAH3UCTOPOB C YJIyUIIIeH-
HOU 3aBUCUMOCTHIO KOa(huIreHTa nepeadn Toka 6a3bl OT TOKA KOJIJIEKTOPA TIOHUKA-
€TCsl He TOJBKO YPOBEHb MUCKAKEHWH OGOMBINOTO CUTHAJA, HO TAKXKE U MEPEXOJHBIE
HCKaKEHUS <CTYTICHBKAY.

I'paduk Ha puc. 5.23 moKa3bIBaeT JOCTUTAEMOE CHUKEHHE YPOBHSI IIyMOB (Cp. € Tpa-
(urom Ha puc. 5.14). Bumano, uto na gacrore 10 k[ ipu compoTuBIeHUN HArPy3KU
8 Om Besmunna KHU ymenbiena ¢ 0,003% mo 0,002%. Ilpu nanrom conpoTuBieHun
HArpy3KW U TIIATETHHO MOAO0OPAHHOM HAYaTbHOM cMelennn Ha 9actote 1 kI mpak-
TUYECKH HE 3aMETHO BJIUSHUE UCKAKEHUH TUTIA <CTYIEHbKa» (OHO TPOSIBISETCS TOJb-
KO 1ipu paboTe Ha HarpysKy comporusaeHueMm 4 Om).

5.5.10. YM3Y, nHBapuaHTHbIN K CONPOTUBJIEHMIO Harpy3Ku

Ha puc. 5.24 uzobpaxena cxema Y M3Y, HHBAPHAHTHOTO K COMTPOTUBJIEHIIO HATPY3KH
(1ipu ee camskennu 10 4 OM 1 HoMUHANBbHOM 3HaYeHun § Om). I'pacduku 3aBucuMocTr
Koa(duUIIeHTa HETMHEIHHBIX UCKAKEHWH OT YaCTOTHI IS JAHHOTO YCUJIUTENS TIpU
WCIIOJIb30BAHUY C/IBOEHHBIX U OJIMHOYHBIX BBIXOJHBIX Tpau3uctopoB 3281/1302 noka-
3aHbl Ha puc. 5.21 u 5.22. IIpu mpoBemeHNN SKCIIEPUMEHTOB HATIPSKEHUE THTAHS
cocrasJiaio ot £20 go £40 B.

[ToMuMO WHBApPMAHTHOCTH K CONPOTHBJEHUIO HATPY3KH, TPHUBEIEHHAS CXeMa
MMeeT ele JiBe 0COOEHHOCTH, KOTOPbIe Oy ayT obcyskaaThes B riase 12. IlepBas us Hux
CBSI3aHA C yMEHbIIEHUEM MHEPIMOHHOCTU PAabOThI CXeMbl TePMOKOMIIEHCAIMH (I
ATOTO TPAH3UCTOP Q8 CXEeMBI CMENIEHNS YCTAHOBJIEH He Ha TETIOOTBO/IE, a TIPSIMO Ha KOP-
myce Tpanauctopa Q14 mpeJoKOHEYHOTO KACcKa/a), a BTOPasi — C TEM, UTO 3/IECh UCITIOJIb-
3yercs clelnHajbHas CXeMa MCTOYHHUKA CMeIleHHus, 00Jafaromas HOBbIIIEeHHBIM

AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) 06 MAY 98 17:12:59
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Puc. 5.25. 3aencnumocts KHU ot yactoTbl Apu WwyHTMPOBAHUM SMUTTEP-
HbIX pe3ncTopoB anopamu u 6es Hux (YM3Y 270 Br/2,7 Om)
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TemriepaTypHbIM kKoaddurmentom (—4,0 mB/°C), uTto 1mo3BoIsIeT CKOPPEKTUPOBATH
CTaTUYECKYIO MOTPENTHOCTD, O0YCIOBIEHHYIO TEIJIOBBIMHU MOTEPSIMU B JIATUMKE TEM-
[epaTypsbl, yCTAHOBJIEHHOM Ha TPAH3UCTOPE MPENOKOHEYHOTO KACKaIA.

Mbr He OyzeM TOAPOGHO KOMMEHTHPOBATH BCE CXEMOTEXHUYECKUE PEIICHUS,
MOCKOJIBKY MTPUBEJIEHHAs cXeMa OJIM3Ka K TOH, 4To 06CysKaaeTcs B riiase 6 1pu paccMo-
TPEeHUU «Oe3yIpPeYHoro ycuaurelist» kiaacca B. Mcnonnenue kourypa OOC B3sTO 13
CXEMBI TPEXPEKUMHOTO YCUJIUTEIS, ONMCBIBAEMOTO B TJ1aBe 9. 3ammuTa OT meperpy3kn
BbINoJHeHa Ha Tpansucropax Q12 u Q13. KoadduimenT nepegaurt KOHTypa oOuieit
OOC na yacrote 20 kIt paBen tem xe 30 nb.

5.5.11. MocnepgHue Haxoakun

HeznaBHo aBTOp TpOBEJ CEPUIO IKCIIEPHIMEHTOB CO CXeMaMH OKOHEUHBIX KACKAlOB,
B KOTOPBIX UCTOJB3YIOTCS TP, YETBIPE, TISITh WU IECTh MaPAJIJIETBHO COeTMHEHHBIX
BBIXOJIHBIX TpaHaucTopoB 2S5SC2922/2SA1612. Vcnosb3oBamics IByX- W TPEXKACKAJI-
uerit YM3Y (puc. 5.26).

ITpu GOJIBIIIOM KOJMYECTBE MAPAJLIETBHBIX BETBEN MPUXOAUTCS YAEIITH 0c060e
BHUMAaHUE TOMY, YTOGBI OBIIHIT TOK PACTIPEAEIISIICS MEKITY HIMHU TPUMEPHO MTOPOBHY,
MO3TOMY KayK/IbIl U3 BBIXOJHBIX TPAH3UCTOPOB JOJKEH UMETHh COOCTBEHHDIN OMUTTED-
HBII pe3ucTop. IIpu 9TOM TTOATBEPAMIIOCH, UTO M3JIOXKEHHAsI B JAHHOI KHUTE TEOPUs
(opmMupoBaHUS MCKaKeHWUI GOJBIIOrO CUTHAMA PaboTaeT Kak TPH KCIOIb30BAHUN
B CXeMe OKOHEYHOTO KacKajla IMUTTEPHBIX [TOBTOPUTEJIEH, TAK U JIJIT KOMILJIEMEHTAP-
HBIX TIap ¢ 00OpaTHOil CBS3LIO, KaK B CXEMaxX C JOTOJHUTETHHBIM MTPEIOKOHEYHBIM
KacKaJioM, Tak 1 0e3 Hero.
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Puc. 5.26. Tpexkackagnbii YM3Y ¢ Tpems napannensHo coeanHeHHbI-
MM BbIXOAHBIMW TPAH3UCTOPAMM
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AUDIO PRECISION thd THD+N(%) vs FREQ(Hz) N=1 50W/8R 22 AUG 100
7
0,01 4 Om
717
/
/7
YA
//
1 8 Om
A
/ ///
0,001 u
T ——"
0,0002
10 My 100 My 1 kMy 10 KMy 50 Iy

Puc. 5.27. 3asucumocts senmumubl KHU ot yacrotel ans YM3Y ¢ opu-
HOYHbIMM BbIXOAHbIMM TpaHauctopamu (50 Br/8 Om, 100 Br/4 Om)
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Puc. 5.28. 3aeucumocts Benmumunl KHM ot yacrotsl gns YM3Y co
CABOEHHBIMM BbIXOAHBIMM TpaH3ucTopamu (50 Br/8 Om, 100 Br/4 Om).
30METHO CyLUECTBEHHOE yNyULUeHUe XAPAKTEPUCTUK
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AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) N=6 50W/8R
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Puc. 5.29. 3asucumocts sennumnsl KHM ot uacrots ans wectu napan-
NenbHO COeAMHEHHBIX BbIXOAHBIX TpaHsuctopoe (YM3Y 50 Br/8 Owm,
100 Br/4 Om, 200 Bt/2 OM). Becbma HM3KMi YpoBEHD MCKAXEHWI NpU
pabote Ha Harpy3ky conpotuenernem 8 Om

Ha puc. 5.27 mokasan rpaduk 3asucumoctn Besmumabl KHIU ot wacToTsr ay1st oxu-
HOYHOIT KOMILJIEMEHTAPHOU TTApbl BBIXOAHBIX TPAH3UCTOPOB. Kak BuiHO, ypOBEHb MCKA-
JKEHWH HECKOJIBKO BBIIIE, a ITyMOBOI TIOPOT HEMHOTO HIKE, YeM JIJIsT TUTIOBOH CXEMBI
(cM. puc. 4.2). 310 obbsicHseTCst HOIbIIeR BHIXOAHON MonHOCTBIO (50 BT/8 OMm).

B ciyyae McCHoOBh30BaHUS CABOEHHBIX BBIXOJHBIX TPAH3MCTOPOB TOT Ke TpaduK
mokazan Ha puc. 5.28. Buano, 94To ypoBeHb UCKa)KEHUI yMEHBINEH BIBOE KaK JJIsI
Harpysku cornporuBienreMm 8 Om, Tak u 4 Om. Puc. 5.29 wimioctpupyer Ty ke 3aBU-
CUMOCTh B CJIy4ae HCIOJIH30BAHUS NIECTHIO MAPAJIENbHO COETUHEHHBIX BBIXOIHBIX
TPAH3UCTOPOB: TOUTH YCTPAHEHBI UCKAXKEHUS 11T 8-OMHOI HATPY3KH, PE3YJIbTAT JJIs1
4-OMHOW Harpy3KH TaksKe HerIoX. ToJbKO IPU YMEHbIIEHUY COTIPOTUBJIEHUS HATPYy3-
ku 10 2 OM HeslWHENHble WCKAKEHUS CTAHOBSATCSA 3aMeTHbI Ha (oHe mrymoB. [ls
CXEMBI C IIEeCTH TTApaJIeIbHO COeTMHEHHBIMI BBIXOAHBIMH TPAH3UCTOPAMH HCKaxKe-
HUS TIPAKTUYECKU He 3aMETHBI JIasKe [ 2-OMHON HaTrpy3KU.

Yem GoJiblliee KOJIUYECTBO BBIXOAHBIX TPAH3UCTOPOB COEAUHSIETCS TAPAJJIETBHO,
TEM TPYAHEE YCTPAHUTh BOBMOKHOCTD TTaPasUTHBIX KOJEOAHUN B OKOHEUHOM KAaCKaje
(maxe B cyyae pasoMknyToit 06mieit OOC).

MopenupoBanue B cucteMe Spice 3aBUCUMOCTH KO3 duImeHTa nepegaun OT ypoB-
HS BBIXO/JTHOTO CUTHAJIA TIOKA3bIBAET, UTO YBEJINUYEHUE KOJTNIECTBA MAPAJIJIETBHO COe/IN-
HEHHBIX BBIXOJIHBIX TPAH3UCTOPOB HE TOJHKO CHUKACT aMILIUTYY KoJeOaHui B mepe-
XOIHOH 06J1acTH, HO TaK/Ke HECKOJIBKO YBEJIMUMBAET MUPHUHY TTocaenneil (puc. 5.30).
JTO O3HAYAET, UTO T€HEPUPYIOTCS HOIOTHUTETbHbIE TADMOHUKU HU3KOTO TIOPSIKA,
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Puc. 5.30. 3asucumocts koadpduumeHTa ycuneHus oKOHEYHOro Kacka-
AQ OT AMMAAMTYABI BBIXOAHOTO CHrHANG (pe3ynsTaT MOAENMPOBAHMSA
B cucTeme Spice)

¢ koropeivMu KOHTYp OOC crpaBrsietcst octatouno addextuBHo. [Ipuyem aByxKa-
CKaJ[HAs cXeMa uMeet boJiee Y3KyIo MepexoHyIo 06JacTh, 4eM TPEXKACKaHAsL.

Hab6urromaembie addeKTs J1eTKo 06bsICHNTh, Kak Mbl 3HaeM, IIPU CHUKEHUH COIPO-
TUBJIEHUsSI HATPY3KU YBEJUYUBAIOTCS TOKU, TEKYIINE B OKOHETHOM Kackaze (IIpu CoxX-
paHeHUW YPOBHS HampspKeHWil). [loaToMy Hac He HOJKEH YAWBIATH TOT (AKT, UTO
napajieTbHoe COeIMHEHWE HECKOJBKUX BBIXOIHBIX TPAH3UCTOPOB, T.e. CHIKEHUE
TEKYIIero 4Yepe3 HUX TOKA, IPUBOINT K TOMY JKe Pe3yJIbTaTy, UTO U YBeJUIEHUE COTIPO-
TUBJIEHUS HArpy3Kku. VIHTEPECHBIM PE3yJIbTaTOM MPOBENECHHBIX KCIIEPUMEHTOB SIBJISI-
€TCsl TO, UTO JIJIsSI CHU)KEHUST YPOBHS HEJUHEUHbIX UCKKEHWIT 0 IIyMOBOTO MOPOra
MoTpebOBAJIOCh MAPAJIIEIbHOE COeIUHEHIE He TAKOTO YK GOJBIIOr0 YHCIa BBIXOIHBIX
TPaH3UCTOPOB.

5.5.12. BbiBOoapbl

B tumoBoii cxeme YM3Y cHukeHme cOMpOTUBIEHNS HATPY3KH ¢ 8 10 4 OM cOTPOBOXK-
JlaeTcst yBesindeHneM Koadduimenta HeJTMHENHbBIX UCKaKeHUll B 2—3 pa3a. Y OIuUCHI-
BaemMoro ¥YM3U aror nokasaresnb paBeH Bcero 1,2 U MOKeT ObITh CHUKEH IIOYTH 110
1 ¢ TTOMOIIIBIO TTAPAJIIEIBHOTO COeIMHEHUS] TPEX BHIXOIHBIX TPAH3UCTOPOB.
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5.5.13. MepexogHble NcKaXKeHUs «cTyneHbKa» (MckaxkeHne 30)

B ayauorexnuke, riie MHEHUS Pa3HBIX CHEIMAINCTOB 110 OJTHOMY U TOMY K€ BOIIPOCY
OUYEeHb PEJIKO COBIIJIAIOT, EIMHOMYIITHOE COTJIACHE BBI3BIBAET YTBEPXKAEHUE O TOM, YTO
HCKKEHVSI TUTIA «CTYTEHbKay SBJISIIOTCS Xy/IIIeH 13 BCeX TPOOIeM, TPUCYTITUX YCUITH-
TesisiM Kiacca B. Peub uer 06 MCKaKEHUsIX, KOTOPbIE 00YCIOBIEHBI TIEPEKTIOYEHIEM
IJ1eY JIBYXTaKTHOTO BBIXOJIHOTO KacKa/ia IPU CMeHe TIOJISIPHOCTH BBIXOHOTO CUTHAJIA.
[Tpm saTOM TeHepupyIOTCS TAPMOHWKH BBICOKOTO TOPSIIKA, TIPUYEM CJeIyeT OKHUAaTh,
YTO UX aMILIUTY/IA B IPOIIEHTHOM OTHOIIIEHUY 1TPU CHUXKEHUM YPOBHS YCUJINBAEMOTO
CUTHAJIA TOJIBKO YBEJIMYNBAETCH.

[IpunHATO cYMTaTh, YTO TPAH3IUCTOPHBIN 3DGEKT 3BYUAHUS MOJYITPOBOTHUKOBBIX
YM3Y BbI3bIBACTCSI MMEHHO GIATOIAPST TEPEXOHBIM UCKAKEHUSAM THTIA «CTYTEeHbKA,
XOTS 3TO, HACKOJIBKO U3BECTHO aBTOPY, HUKOT/[a He TIPOBEPSIIOCH C TTOMOIIBIO TECTUPO-
BaHMUS «BCJIEIYIO» Ha KAYeCTBEHHOM armaparype.

OUTEF2C.CIR: EF O/P, MPSA42/92, MJ802/4502. 18/6/93
Date/Time run: 09/13/93 21:45:34 Temperature: 25,0
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Puc. 5.31. 3aeucumoctb koadbpuLMEHTA ycHneHus OT YPOBHS BbIXOAHO-
rO CMrHANA AN OKOHEYHOTO KACKAAA HA OCHOBE CXEMbl SMMTTEPHOTO
NOBTOPUTENS NPU HAMPSXEHUN CMELLEHMS, U3MEHSEMOM ¢ warom 25 mB
B auanasoHe ot 2,75 po 2,95 B (nepsoe HanpsxeHue cooTBETCTBYET
CIIMLLUKOM MANIOMY TOKY NMOKOS TPAH3UCTOPA, O BTOPOE — CAULIKOM 60nb-
womy). BugHo, uTo cyMMmapHas nepeaaToyHas XapaKTEPUCTMKA ABYX-
TAKTHOrO KAckapa, 0Bpa3oBaHHAS AEMCTBUEM ABYX KOMMNEMEHTAPHBIX
TPAH3UCTOPOB, He MOXET BbITb CNPAMAEHA HU NPU KAKOM HANPSXEHUM

CMelLLEeHHs
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3aBUCUMOCTb TOKA KOJUIEKTOPA OT 6a3a-IMUTTEPHOTO HATIPSIKEHUS Y OUITOJISIPHOTO
TPAH3UCTOPA MMeeT HKCIIOHEHIINATBHY0 HAYaIbHYI0 06J1acTh, KOTOPast TUIABHO Tepe-
XOJIUT B JINHEHHYIO 3aBUCHMOCTD, KOT/[a HAYMHAET TPe0bJaaiaTh BIUSHUE PE3UCTOPa
Re B amurreproii nenu. Iurep Biomieii (Blomley) mokasan [12], uto B pesyJbraTe
KaKoro Obl TO HY OBIJIO CMENIMBAHUS JIBYX 3THUX MEXaHU3MOB (T.€. TIPH JTI060M Havalb-
HOM CMeII[eHNHN ) HET BO3MOKHOCTHU MOJYIUTh CyMMapHYIO JIMHEHHYIO XapaKTePUCTH-
Ky. DTO JIETKO MOKA3aTh C TOMOIIBIO MOZETHPOBaHUsI B cucteMe Spice (puc. 5.31).

Ha niepBblIil B3IJIsIl, €IMHCTBEHHOE, YTO OCTAETCS [IeJIaTh B TAKON CUTYaIlMK paspa-
GOTUYMKY, — 9TO HAUTH ONTUMAJIBHOE HATIPSKEHUE CMEIIEHNsI, TPU KOTOPOM BeTNYMHA
MEPEXOIHBIX MCKaKEHMI Oy/IeT KaKk MOKHO MEHbIIle, U J0BOJIbCTBOBATHCS JOCTUTHY-
TBIM Pe3yJIbTATOM (BBLIOOP OMTUMATBHOTO C ATON TOYKY 3PEHUST HATPSLKEHUST CMeTIle-
HUSI — JIOBOJIBHO CJIOJKHAST 3a/1aua, OOCY’KIEHUWE KOTOPOMl 3aCIyKUBAET OTAETbHON
KHUTY; GoJiee IoAPOOHO Mbl OGCYAUM JaHHbII BOIIPOC B riiase 12).

Ciefryer 3aMeTUTh, YTO IS «OE3yMPEYHOTO YCHJIUTENS> YPOBEHB MEPEXOIHBIX
UCKa)KeHUH BILIOTH 10 4acTOThl 1 K[l MOKeT ObITh Ype3BBIYAIHO MaJI, TAK YTO UX BECh-
Ma TPY/HO BBIIEIUTH Ha (DOHE TIYMOB, M M3MEPEHUST MOTYT GBITH TTPOBEAEHDI TOJIHKO
C TIOMOIIBIO CIIeKTpoaHajim3aropa. BusyanbHo Ha 3KpaHe ociuorpada addexr
npakTUdecku He HabonaeM. Mckaxenust 4, 5, 6 1 7-To TUIIOB B 06JIACTH CMEHBI 3HAKA
BBIXO/HOTO CUTHAJIa MOTYT OBITh OIMIMOOYHO TIPUHSITHI 33 TEPEXOIHYIO «CTYIIEHBKY>,
XOTsI OHU OOYCJIOBJIEHBI IEUCTBUEM COBEPIIIEHHO IPYTUX MexanusMoB. Ho npu yBesu-
YEeHUH YaCTOTHI CUTHAJIA MePEXOAHbIE NCKAKEHUsST CTAHOBSITCST O0JIee 3aMETHBIMU, TaK
KaK TapMOHUKH BBICOKOTO TIOPSI/IKA TII0XO0 1oziaBJisgioTes Koutypom OOC.
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Puc. 5.32. BeixogHoit curHan 1 pobaeka, 0bycnoeneHHas HennHeRHbI-
MM MCKAXeHUSMM, Ha Bbixope curHana 1 klu, BbIXOAHAS MOLWHOCTb yCH-
nutens 25 Bt npu Harpyake 8 Om. Kak BugHo, uckaxenus npepcrasns-
toT coboil npakTuyecku Benbiit wym. MepexopHble MCKaXeHMs TMNA
«CTyneHbKa» (Manble BCNecku B paHoHe Nepexopa BbIXOAHOTO CUrHana
yepes 0) ene sameTHbI U He NOAAAIOTCS CTPOrOMY M3MEPEHUIO
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Kak Oyzer mokasaHo Huxe, B «Oe3yNPEYHOM YCUIUTENEe> MMEHHO II€PEXOIHBIE
UCKaKEHUsI ONPEIENISIIOT 001yt JuHeitHocTh Y M3, faske mpu ONTUMAIbHOM BBIGO-
pe HaIPSKEHUST CMETEHUsT OKOHEYHOTO KacKaia.

Ha puc. 5.32 npusenena popma currajia yactotoil 1 kI'11 Ha BeIxoze «6e3yIpedHoro
yeunurensts (25 Bt/8 Owm; 50 Br/4 Om) ¢ onTuMaibHBIM CMEIIEHNEM, & TAKIKe OT/IEb-
HO MOKaszaHa ji00aBKa, 00yCJIOBJIEHHAs HEJMHEHHBIME MCKaKEHUSIMU, 3/€Ch Mbl HE
MIPOBOIMJIA yCPeTHEHNE TI0 HECKOJbKUM M3MEPEHUSM — TOKa3aHa OCITUJLIOTPaMMa
LIS OIMHOYHOTO CUTHAJIA, TI09TOMY HeJIMHEHbIE MCKAKEHMSI TOUTH He BUIHBI Ha (hOHE
IIyMOB.

Ha puc. 5.33 npoBeneHo ycpeaHenne curHaia o 64 u3MepeHusiM, O3TOMY HeJIu-
HeWHbIe MCKa)KeHWS BUHBI HAMHOTO Jyuiie. KpoMe BBICOKOYACTOTHBIX COCTABJISIO-
mux, 00y CAOBIEHHbBIX AEHCTBAEM IIEPEXOIHBIX UCKAKEHUI TUIIA «CTyIIeHbKa», Ha Ipa-
(puke 3aMeTHBI TAPMOHWKH HHU3KOTO TIOPSI/IKA, 1O BCEW BUIAMMOCTH, BbI3BaHHbBIE
HEOOJIBIIMM BKJIAJIOM MCKaKeHUil 6-ro Tuma (MocieHie He BUIHDI, €CJU Pa3BOIKA
CXeMBbI BBITIOJIHEHA TTPABUJIBHO).

Ha puc. 5.34 mokasanbl Te ke CUTHAJIBI, HO JJISI MEHBIIETO HATIPSIKEHVIST CMETIEHHUST
BBIXO/IHBIX TPAH3UCTOPOB. 3/I€Ch BCILJIECKU, COOTBETCTBYIOIIIE CMEHE 3HAKA BBIXOIHO-
ro CHTHajJia, UMET HAMHOIO OGOJIBIIYI0 aMILIMTY/Y, KOTOpas CHJIbHO 3aBHCUT OT
YACTOTHOTO IMANa30Ha, B KOTOPOM MMPOU3BOIUIINCH M3MEPEHUS.

B ciydae onTUMabHOIO BEIOOPA HAYAIBHOIO CMELIEHHS BBIXOJIHOM CUTHAJ BBILJIsI-
JIUT, KaK [OKasaHo Ha puc. 5.35. 3pech yacToTa curtaia BbiOpaHa paBuoit 10 kI
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Puc. 5.33. Curnansl, usobpaxenHsbie Ha puc. 5.32, Ho ycpeaHeHHsble no
cepuu U3 64 3KCNEPUMEHTOB, B PE3YNLTATE YEro ypOBEHb LIYMOB CHU-
xeH Ha 18 pb. na Gonblweit HarnsgHocT pobaeka, obycnoeneHHas
HENMHEMHBIMM UCKAXEHUSIMM, yBEenuyeHa no amnantyge B 2,5 pasa (no
cpasHeHHio ¢ puc. 5.32)
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Puc. 5.34. Pesynbtor He6ONbWIOrO YMEHbLIEHWS HANPSAXEHMS CMeLLe-
HUS BbIXOAHBIX TPAH3UCTOPOB
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Puc. 5.35. Curnan uacrotoit 10 kly Ha Beixope «6e3ynpeyHoro ycunu-
Tens» € ONTUMAsbHBIM CMELLEHMEM BLIXOAHBIX TPaH3ucTopos. Mposepe-
Ho ycpepHenue no 8 akcnepumentam. Bennunna KHU cocraensier npu-
mepro 0,004% (yactotHbi guanason 80 klu)
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Puc. 5.36. Tot xe curHan, 4to u Ha puc. 5.35, Ho ans yacroTHoro
ananasona 500 kly
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Puc. 5.37. BuixogHoi curHan u pobaeka, obycnosneHHas AencTeUeM
HENMHEMHBIX MCKOXEHWH ANs OoKoHeuHoro kackapa knacca AB. [Nepe-
XOfHbIE KCTYNEHbKM» YBENMYMIMCb M COCPEAOTOUEHDI TENEPb HE TOILKO
B 061ACTM CMEHBI 3HAKA BLIXOAHOTO CUTHANG, HO TAKXE M No obe cTopo-
Hbl OT AAHHOW 0BnacTn
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Bennunna koadduninenTa HemnHEHHBIX NcKakeHUH Bo3pocia 1o 0,004% (mpu koad-
unuente nepenaun koutypa OOC, paBaom 20 1b Ha yactotax menbie 1 kI'm). Bia-
rogapsi GOJbIIell YacToTe YCUIMBAEMOrO CUIHAJIA IePeXOHble «CTYIEHbKU» HMEIOT
GOTMBINYIO MMPHHY, YeM Ha prc. 5.34. [TOCKOTBKY YPOBEHD HETMHEHHBIX MCKAKCHUIT
31ech GOoJIble, TO I BbIAEIEHUA UX Ha (hOHE IIYMOB OBLIO JOCTATOYHO IIPOBECTU
ycpeiHeHne Beero 110 8 akcniepuMenTaM. /[nanazon namepenus coctansii 80 kI, moa-
TOMY TAaPMOHUKH BBbIIIe BOCbMOU Oblin mioTepsiabl. Ha puc. 5.36 mokasaH TOT e Cur-
HaJl, HO JiIst yacToTHoro auanasona 500 k. 3aech nmpossiisgiorces 6ojiee MeJKue 1eTa-
JI NCKAKEHUT.

Ha puc. 5.37 nokasaHo, Kak naMeHsieTcst (hopMa BBIXOIHOTO CUIHaIa P HeOOJIb-
IIIOM YBEJTMUEHUN HATIPSLKEHUST CMEIEHNS] BBIXOJHBIX TPAH3UCTOPOB, TO €CTh TIPU UX
pabore B pexxkume kiacca AB. Hukakoro ycpenHeHus: He IIPOBOAUJIOCH, TOCKOJIbKY
pe3yJIbTaT AeMCTBUS HEJTUMHEHHBIX MCKAKEHWI M TaK XOPOIIO BUAEH Ha (PpOHE IIYyMOB.
JanbHeiimee o6cysKieHne UCKAKEeHUH, 00yCI0BIEHHBIX pab0TO OKOHEYHOI'0 KacKaja
B pexxuMe kiacca AB, ket unTaTess B riase 9.

Bechma TUTTUYHBIM [IJTST Ay AMOTEXHUKY SBJSETCS TOT (aKT, YTO HA (hOHE OTPOMHOTO
yrc/ia Iy OJauKaIui, B KOTOPBIX aBTOPBI PACCYKAAIOT UM KpUYaT O IpobJjieMe Iepexo-
HBIX MCKa)KEHUH, O4eHb Majioe KOJMYECTBO PaboT MOCBSIIEHO MX JIeHCTBUTENbHOMY
usyuenunio. [10aToMy aBTOp pOBeEJ COOCTBEHHOE HEOOIIBITOE HCCIEIOBAHME.

Bo-1nepBbix, X0poIno Gbl IIPOBEPUTD, A€HCTBUTEIHO JIU YPOBEHD HEPEXOHBIX UCKa-
JKEHUIT YBETNUNUBAETCS TIPH CHUKEHUY aMILIUTY/Ibl CUTHAJIA HA BBIXO/IEe «OE3YIIPEYHOTO
yCUIuTeNs» ? 31ech cepbesHoil mpobaeMoil aBsiercs ToT ¢GakxT, uro Beamunna KHI
«6esymnpeuroro YM3Y» na vacrore 1 kI'11 Hactospko mMana (Meree 0,001%), uto mepe-
XOJIHbIE NCKAKEHMST TIPAKTUYECKU He PA3IMIUMBbI Ha (hoHe 1myMOoB. [loaTomy amminTy-
Ia D00aBKKM K YCUJIMBAEMOMY CHUTHAJIy, KOTOpasl MPEACTaBjsieT co00i CyMMy IIyMOB
Y HEJIMHEHHBIX MCKAKEHWI, B MPOIEHTHOM OTHOIIEHWUW TIPU CHYDKEHUW aMILTUATY/IBI
YCUJINBAEMOTO CHUTHAJIA JIOJDKHA, BEPOSITHO, BO3PACTaTh, MOCKOJBKY YPOBEHb IIyMOB
0CTaeTCsT HEM3MEHHBIM (CM. HIDKHIOK KpUBYI0 Ha puc. 5.38). UTobObI 000iiTH 3TO TIpe-
[IATCTBYE, HAIIPSIKEHNE CMEIIEHNUsT BBIXOAHBIX TPAH3UCTOPOB OBLIO yMEHbBIIEHO, YTOOBI
aMILTUTY/Ia TIEPEXOTHBIX «CTYIIEHEK» BO3POCIA U TIPEBBICUJIA YPOBEHb IIYMOB.

BbIBOIOM 13 MIOJIYIEHHBIX PE3YIbTATOB, TIOKA3AHHBIX HA PUC. 5.38, SBISIETCS 3aKII0-
YeHHe, YTO BEJTMYMHA TIEPEXO/IHBIX NCKAJKEHU JIeCTBUTEILHO BO3PACTAET ITPU CHUKE-
HUW aMIUIATYZIBl CUTHAJIA Ha Bbixoge Y M3Y, HO 3TO IPOMCXOMUT BeCbMa MeJJIEHHO.
Ul 1ByXTaKTHBI SMUTTEPHBII TOBTOPUTENb, U KOMILUIEMEHTAPHbIE Iapbl ¢ 00paTHOM
CBSI3bI0 B OKOHEUHOM KacKa/Ie af0T MIPUMEPHO OJMHAKOBYIO 3aBHCUMOCTb: IPH JTI060M
HavasbHOM cMeniennn Besnmunana KHU yBennuuBaercs npumepHo B 1,6 pas ipu nByx-
KpPaTHOM CHM’KEHUHU BBIXOAHON MOIMHOCTH. TakuM 00pasoM, IIPX YMEHbIIEHUH MOIII-
Hoctu curnasia uHa Beixoze YM3U ¢ 25 Bt go 250 mBT, koaddurment nennneiiHpx
HCKa)KeHUI Bo3pacTaer Bcero B 6 pas. HamoMHuM, 4To peus uaer o6 OTHOCUTEIbHOM
YPOBHE MCKaKEHUIT — MX abCOMOTHAS aMILIUTY/Ia MEJIIEHHO yOBIBAET BMECTE C YPOB-
HEM BBIXOJHOTO CUTHAJIA U TP BBIXOAHON MotHOCTH 250 MBT HelMHeliHbIE MCKaKe-
HUS y>Ke TPYAHO Pa3IJsiIeTh Ha 9KpaHe ocIuorpada, OHU TEPSIOTCS Ha (POHE MTYMOB.

V3mepenust ObLIN TaKKe TIOBTOPEHBI MPH 00JIee BBICOKUX YaCTOTAX yCUIMBAEMOTO
curnaya. Ha puc. 5.39 nokaszaHo, Kak pu U3MEHEHUU YaCTOThI MEHSIETCSI 3ABUCUMOCTD
KHMU ot aMIidTyibl CUTHAJIA HA BBIXO/IE IBYXTAKTHOTO SMUTTEPHOTO TIOBTOPUTEJIS.
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Ha puc. 5.40 npuBezeHa Ta jke 3aBUCHMOCTD, HO JIJIST CJIydasi MCITOJb30BAHMS B OKO-
HEYHOM KacKaje KOMILUIEMEHTaPHBIX [ap ¢ 00paTHOM CBA3bI0. 3/1eCh yiKe HeJlb3sl TOBO-
PUTH O TOM, YTO YPOBEHb MUCKAKEHHUI CYIIECTBEHHO YBEJUYMBAETCS TIPU CHIKEHUU
aMILTUTYBI BBIXOZHOTO CUTHATA, & B CIyJYae UCTIOh30BAHUS IMUTTEPHOTO MTOBTOPHUTE-
Js1 BooOIe Habmiogaercs oOpaTHbI 3 @EKT: Ha BHICOKUX 4aCTOTaX IIPU BBIXOAHON
MotrHocTH Bhitre 1 Bt Besmmunaa KHU pacrer BMecTe ¢ aMIMTyioi curHama.

N3 rpadukoB, MpUBeAEeHHBIX Ha pHUC. 5.41, BUIHO, YTO Ha BBHICOKMX YacTOTaX MPHU
YBEJIMUEHUHN COTIPOTHBIIEHUS] HArPY3KU YPOBEHDb UCKAKEHUH MaiaeT. ITO JUIIHUI pa3
JIOKa3bIBaeT, 4TO TPH 8-OMHOI Harpyske Ha Bbixoge ¥ M3Y mpeobiagatoT UMEHHO
MepPeXOIHbIE NCKAKEHUS THTIA «CTYTIEHbKay.

[TockobKY yPOBEHD MEPEXOTHBIX NCKAKEHUIA CYTIIECTBEHHO 3aBUCUT OT ONITUMAJIbHO-
CTH BbIOOpA HAYAIbHOIO CMEIEHMs], TO It X CHYZKEHUS IIPUXOAUTCS 1103a00TUTHCS 00
s deKTUBHOI cxeMe TepMoKoMITeHcalu. Mbl 06Cy M BOIIPOCHI, CBSI3aHHbIE C TEILIO-
BbIMU a(pdexTamu, B Iy1aBe 12, a 311eCh IIOTOBOPUM O BbIOOPE HANIPSIKEHUST CMEILEHUSL.

5.5.14. BbiOop TOUKM NOKOSA TPAH3UCTOPOB OKOHEYHOrO Kackaja

Ha puc. 5.42 npuBeseHsl 1Be THIIOBBIE CXeMbI OKOHEYHBIX KAaCKa0OB: Ha OCHOBE 9MUT-
TEPHOTO MTOBTOPUTEJIS ¥ Ha KOMILJIEMEHTAPHBIX MapaxX ¢ 0OPaTHOU CBSI3bIO. 3/1€Ch MbI
oKa He OyzeM 00Cy KIaTh CXeMbl Ha CTPOEHHBIX TPAH3UCTOPAX, XOTSI OHM TAKKe I10JIb-
3yI0TCST OOJIBIIOMH TIOMYJISIPHOCTBIO.
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Puc. 5.42, [lea Hanbonee nonynsipHbiX BUAQ OKOHEYHBIX KOCKOAOB:
ABYXTOKTHbIA SMMUTTEPHbIH NOBTOPUTENb M KOMMAEMEHTAPHbIE NApbI
¢ 06paTHOM CBA3bIO
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Tabnuua 5.2. CpasHeHie NapaMETPOB OKOHEUHbIX KACKOAOB HA OCHOBE
ABYXTOKTHOTO SMUTTEPHOTO MOBTOPUTENS U HO KOMMNEMEHTAPHBIX NAPAX
€ 0BpPATHO CBS3bIO

IMUTTEPHBII NOBTOPUTETH CFP
Vem 2930 B 1,297 B

Vq 50 MB 5MB

Iq 114 MA 11 MA
Pq 4,6 Br 0,44 Bt

CpejiHee 3HaUEHUE YCUTEHUS 0,968 0,971

OTKJIOHEHNE YCUJICHHST OT CPe/IHET0 3HAUCHUS 0,48% 0,13%
[Tupuna 061aCTU ¢ MEPEXOAHBIMI UCKaKEHISIMU +/-12 B +/-0,6 B

B npuBeieHHBIX cXeMax UCHOIb3yeTCsT HeGOIBIN0E YUCIIO JIEMEHTOB U MMEETCs He
TaK y>K MHOTO BO3MOKHOCTEH JIJISI CHUZKEHWST YPOBHSI TIEPEXOTHBIX MCKAKEHUIA.

B Tabs. 5.2 mpuBeneHbl Pe3yJIbTAThl AKCIEPUMEHTOB 110 M3MEPEHUIO OCHOBHBIX
apaMeTpoB OKOHEYHOTO Kacka/a Ha OCHOBE IBYXTaKTHOTO SMUTTEPHOTO TIOBTOPHUTEJST
U Ha KOMILIEMEHTapHBIX Mapax ¢ oOpaTHoli cBA3b0. 3jech depes V  0003HaueHO
HarpsoKeHne Mexay 6asaMu TPaH3MCTOPOB TPEIOKOHEYHOTO Kackaia (Ui pexkuMma
kaacca B ono cocrasisier 1-3 B); Vq — 9TO HAIPsKeHKe, IMajaolee Ha 060UX IMUT-
TEPHBIX Pe3UCTOPax Re B peskrMe MOKOsI, TO €CTh B OTCYTCTBUE BXOIHOTO CUTHAA (OHO
MOJKET JIesKaTh B Auamnazore 5—50 MB); Iq — TOK, TeKYIIU 4epe3 TPAaH3NCTOP OKOHeY-
HOTO KacKa/ia B PEKIMeE TIOKOs (TOK TPAH3UCTOPOB MPENOKOHEYHOT0 KacKaa Ciojia He
BKJIIOYAETCS ).

Kaxk BUHO, B CJTyuyae MCIOIb30BaHKSI SMUTTEPHOTO MOBTOPUTEIS IIUPUHA 00JIACTH,
I/l 3aMETHBI Mepexo/IHble NcKaxeHus1, B 20 pa3 6oJibliie, 4eM JJIst CXEeMBI ¢ KOMILJIEMEH-
TApHBIMK [TapaMU, HO aMILIUTYya KoJiebaHuil KoahdUIMeHTa yCUIeHUS B IOCIeHEM
caydae B 4 pa3a MenbIe. He Tak-To IpocTo cka3athb, Kakoil 13 cpaBHUBacMbIX Y M3Y
6ymer obecreunBath MeHbinee sHaverHre KHU Ha BBICOKHMX YacTOTax, 0COOEHHO €CJIH
MPUHSTH BO BHUMaHue, 4To Koadduiment nepepaun kourypa OOC nazmaer ¢ poctom
JaCTOTHI.

OTMeTuM, 4TO M3 PE3YyJbTATOB HKCIEPUMEHTOB 3aMETeH OJIUH MAaJOWU3BECTHBIN
HEOCTATOK, MPUCYIUN OKOHEUHBIM KACKAZaM Ha OCHOBE 9MUTTEPHOTO TOBTOPUTEJIS:
norpebJsieMast MU MOIIHOCTD B PESKUME TIOKOST IOBOJIHO BBICOKA.

5.5.15. 3kcnepuMeHTanbHoe nccnepaoBaHNe NepexofHbIX UCKaXKeHUn

HerpynHo moragatbesi, 4T0 pe3UCTOPDI, YCTAHOBJIEHHbIE B OMUTTEPHON II€IIN BBIXOJI-
HBIX TPaH3UCTOPOB, JIOJZKHBI CYIIECTBEHHO BJIMATH Ha PaGoTy OKOHEYHOTO KacKaja.
O6brunoe ux cornporuBieHue JexxuT B auanasone ot 0,1 g0 0,47 Om. ABTOp TIpoBen
CepuIo 9KCIIEPIMEHTOB, M3MEHsIsT HOMHMHAJ SMHUTTEPHBIX DE3UCTOPOB B YKA3aHHOM
JIaa3oHe, Ha KaskKIOM IIare mog0upasoch CBOe ONITUMATBHOE HATIPSIZKEHUE CMETIEHTST
(XOTs1 ero 3HaYeHWE U3MEHSTIOCh He 0YeHb CUITbHO, 0COGEHHO B CJIyYae UCIIOJIb30BaAHMUS
KomIieMeHTapHBIX Tap ¢ OC).

Ha puc. 5.43 npusenena mosydentasi B pe3yJibTate 9KCIIEPUMEHTOB 3aBUCUMOCTD
Koa(hDUIMEHTA YCUIEHNS OT aMILTUTY/IbI BBIXOJTHOTO CUTHAJA JJIST SMUTTEPHOTO MOB-
TOPHUTEJIST, & HA PUC. 5.44 — JIJIST CXEMbI HA KOMILJIEMEHTAPHBIX TTapax.
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Tabnumua 5.3. MNapameTpbl OKOHEUHOTO KACKAAQ HQ OCHOBE SMUTTEPHO-
ro nosTopuTens (conpotuenenue Harpyskn 8 Owm)

OntumaibHoe OnrumasbHOe
Re, Om 3Hauenue Vey, suauenne Vg, Iy Iupuna Cpennee 3HaueHne
B vB MA oGnactu, B yCHIEHUS
0,1 2,86 42,6 215 18 0,982
0,22 2,87 46,2 107 12 0,968
0,33 2,89 47,6 74 9 0,955
0,47 2,93 54,8 59 7 0,939

Tabnuua 5.4. MNapameTpbl OKOHEYHOTO KACKAAA HA KOMMEMEHTOPHbIX
napax ¢ 06PATHOM CBA3LIO (conpoTuenerme Harpysku 8 Om)

OnrumaibHOE OnrumaibHOE I I
Re, OMm 3HauyeHue V, 3HayeHue V, a’ HpHHA Cpemnee snauenme
&5 G q’ MA obGaacru, B YCUIEHUS
B mB
0,1 1,297 3,06 15,3 1,0 0,983
0,22 1,297 4,62 11,5 0,62 0,971
0,33 1,297 5,64 8,54 0,40 0,956
0,47 1,298 7,18 7,64 0,29 0,941

Kak Bumnm, mpu ymenbineHun HoMmuHasma Re koadduiinenT ycuneHmnss OKOHEYHOTO
KacKaja MpUOIMKaeTCsT K eIMHUYHOMY 3HAYEHUIO, a IIMPUHA 00JIACTH, Ie 3aMeTHbBI
HepexXoIHbIe NCKAKEHNUS, TIPKH 9TOM yBeJanuuBaercs. Ilocentnee 0ObACHAETCS TEM, UTO
[IPY CHWZKEHUH COTIPOTUBJICHUSI SMUTTEPHBIX PE3UCTOPOB TPeOYeTCst GOJBIITIIT TOK JJIsT
TOTO, YTOOBI CO3/IATH TAJIEHNE HAMPSIKEHUS, JOCTATOYHOE JIJIS 3aUPAHUS TIPOTUBOIIO-
JIOZKHOTO BBIXO[HOTO TPAH3UCTOPA. TakuM 0O6pasoM, IpU yMEHbIIEHNN HOMUHAMA Re
CHUKAETCSI TIOPSIOK, a CJIE0BATEIBHO, U YaCTOTA TEHEPUPYEMbBIX TADMOHHUK, TO3TOMY
oHu ¢ 6osbIneit 3hHEKTUBHOCTHIO MOTYT OBITh TIOABJIEHBI KOHTYPOM 00PaTHOI CBSA3H,
B pesyJibTate dero Beanunia KHY Ha BRICOKHX YacToTax Gy/IeT MEHBbIIIE,

Kax mbt1 yske o6cyskaamm B pasjesie 5.3, pu Cy;KeHUM 06IACTH TIEPEXOTHBIX HCKasKe-
HUIl 9HEPTUS TEHEPUPYEMbIX TADMOHUK CMEIIAETCsT B 00JIACTh BBICOKUX YacTOT, a TIPU
pacupeHnn — B 061aCTh HU3KUX YaCTOT, KOTOPBIE MOTYT OBITH 3(h(heKTUBHO TTO/IaBIIe-
HBI KOHTYPOM OTPHUIIATENbHOI 00paTHOH cBstan. OHAKO, €I TIPU pacipeHn 06ia-
CTH MCKaKeHWH aMILIUTY/Ia KoJtebaHuit Koo dUIeHTa YCUTIEHIS He U3MEHSIETCS, TO
CyMMapHasi 9HEPTHsI TADMOHUK YBEJIUUUBAETCS.

Mo:xHO GBLITO GBI IPEANOJIOKUTD, UTO GOJIbIIee COMpoTHBIeHHE Re obecrednBa-
€T 3aMETHO JIYYIIYIO JIHHEHHOCTh OKOHEUHOTO Kackaa, Gaarogapst 6oJbiinei rioyou-
He MectHO OOC, HO B Kackajie ¢ OOIIMM KOJIJIEKTOPOM U TaK ysKe JAeHCTBYeT CTO-
npouentHas OOC no HampspkeHuto. IlosTomy BuaMMAas CO CTOPOHBI AMUTTEPA
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HATpy3Ka TpH yBeandenuu Re, a BMecTe ¢ Hell ¥ TMHEHHOCTD KACKA/[a, U3MEHSIETCS He
CJIMIIKOM CHJIBHO!.

ITepBBIM HEOKUAAHHBIM BBIBOJIOM, CJIEAYIONIUM U3 TPOBEIECHHBIX 9KCIIEPUMEHTOB,
SIBJISIETCSI TO, UTO BBIGOP TOKA MOKOST TPAH3MCTOPOB OKOHEYHOTO KacKaa He sIBJISIETCS
OTIPEZIEISIIONIAM TTapaMeTPOM. B 9TO TPY/IHO MOBEPUTH, K TOMY K€ TaKOE 3aKJII0YeHre
IJIOXO COTJIACYETCSI C PaHee PUBEIEHHBIM YTBEPKIEHUEM aBTOPA O TOM, YTO [IPABUJIb-
HBI BBIOOP TOYKHU TIOKOSI BECHMA BaKEH JJII OKOHEYHOTO KACKaja, paboTaoIero
B peskuMe kiacca B. Tem He MeHee, 06a 9TUX YTBEPKICHUS BEPHBL IKCIEPUMEHTBI KaK
C AMHUTTEPHBIM TIOBTOPUTEJIEM, TAK U C KOMIJIEMEHTAPHBIMY APAMU TTOKA3BIBAIOT, YTO
[IpY U3MEHEHUN HOMUHAJIA SMUTTEPHBIX PE3UCTOPOB U3MEHSIETCST TEKYIIHIT Yepe3 HIX
TOK I, HO OnTMMA/IbHbIE 3HAYEHNST HANPSKEHNS CMENeHust V . 1 IIAJIeHIe HATPsuKe-
HUST Ha 000X IMUTTEPHBIX PE3UCTOPAX V,, ocTaiorcs npaKTI/meCKI/I Temu ke, Takue
MapaMeTpsl, Kak MajieHne HarpsKeHnsT Ha 6asa -9MUTTEPHBIX MIEPEXO/[AX TPAHZUCTOPOB
U Ha SMUTTEPHBIX PE3UCTOPAX, MOKET ObITh, TIPEACTABISIOT KaKO-TO MHTEPEC, HO He
TaK YK Ba)KHO, KAaKOW TOK B Pe3yJbTaTe TE€UeT yepe3 3Tu 3jaeMeHThl mernu. OqHaKko
BBIOOD HATIPSIKEHUS CMEIEHUST OCTACTCS OTMPEAEISIONINM JJIT MUHUMU3AINN YPOBHS
HEJIMHEWHBIX NCKAKEHU.

YTBepKIEHUE O TOM, YTO 3HAYEHUE TOKA TIOKOST TPAH3UCTOPOB OKOHEYHOTO KACKA/a
HE SIBJISIETCS OTIPEIEISIIOIIAM TTAPAMETPOM, TTOITBEPIKAAETCS TAKKE DKCIIEPUMEHTAMU
€ TPEXPEKUMHBIM YCUJIUTENIEM, KOTOPBII MBI OTIUIIEM HUKE. 3€Ch TOJBKO OTMETHUM,
YTO M3MeHEHUEe COMPOTHBIIEHHUS SMUTTEPHBIX PE3UCTOPOB B 5 pa3 He TMOBJIUSIIO HA
BEJINYUHY ONTUMATIBHOTO HAMIPSIKEHUST CMEIIEHsT, TPU KOTOPOM YPOBEHD TIEPEXOTHBIX
UCKAKEHUS SIBJISIETCS. MUHUMAJbHBIM,

Omnpegensomum HakTOPOM SIBJISIETCS HATPSKEHUE, MALAIOIee Ha SJIEMEHTaX OKO-
HEYHOTO Kackaza. V 9KCIepUMEeHTHI, U MOJEJIUPOBAHUE TTOKA3BIBAIOT, YTO €CJIU TPU
HATPEBAHUU 3JIEMEHTOB HAIPSUKEHUE CMEIIEHUST M3MEHSITh COOTBETCTBYIONMM 0Opa-
30M, 00€ecIIeunBasi MUHUMAJIbHBIN YPOBEHD MCKAKEHUIT, TO HAPSIKEHIE V, ocraercs
MPaKTHYECKH HEM3MEHHBIM. JTO TMOATBEPIKAAET HEOOXOAUMOCTD TIPUHITHSI zLOCTaToq—
HBIX Mep JIJIsT KOMITIEHCATINT H3MeHEeHUsT 6a3a-dMUTTEPHOTO HAMPSLKEHUS TTPU HarpeBa-
HUM TPaH3uCcTOPOB. K cyacThio, onTuMaibHOe 3HaUeHre V  He 3aBUCUT OT TEMIIEpaTy-
PbI, MHAYE CXEMBI TEPMOKOMITEHCAIIMY ObLITH ObI HAMHOTO (0JIEe CJOKHBIMU.

5.5.16. BbiGop onTUManbHOro 3HayeHus V

[Tanenue HampsiKeHUS V Ha 000MX DMUTTEPHBIX PE3UCTOPAX B PEKUME HOKOS SABJISET-
cs1 HanboJiee BaKHBIM napaMeTpOM BJIMSIONIMM Ha PaboTy OKOHEYHOTO KacKajia. JTO
YTBEPIKAEHUE UMeeT UHTEPECHOe CIIeCTBIE. A He MOYKEM JIM MbI OCYIIECTBUTH BBIOOD
OIITUMAJIBHOTO PEKUMA PabOTHI BHIXOAHBIX TPAH3UCTOPOB (IIPH KOTOPOM YPOBEHb UCKa-
JKeHUI MUHUMAJIEH ) € IOMOIIBIO JIEMIEBOro IU(PPOBOro BOJBTMETPA, BMECTO TOT'O, YUTOOBI
HCII0JIb30BATh JOPOTOCTOSIIUI U3MEPUTENb HEJTMHEUMHBIX NCKayKeHnii? HaroMuuMm, 4To

'Peub uzeT 0 JMHEHHOCTH KAXKIOTO MJI€Yad JBYXTAKTHOrO OKOHEYHOTO KaCKa/a, B3SITOTO
B OTIEJBHOCTH; Ha PUC. 5.43 1 5.44 nipu yBesmueHnn Re HECKOIbKO CHUKAETCsT HaKJIOH OOKO-
BBIX BeTBel rpacuka. — [pum. peo.
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JlasKe TIpsSIMOe M3MepeHne TOKa ITOKOST BBIXOHBIX TPAH3UCTOPOB — He TakKasl ysK IIpocTas
3ajaya. Bexb Musmammepmerp TpeGyercst BKIIOYATh B Pa3pbiB IIEMH, a HE MHOTHE
YM3Y mpocto Tak mnepeHecyT crojib rpyboe BropskeHue (YCUIATENb J0JKEH UMETh
GJIMBKOE K HYJIO CMEIIeHNE TTOCTOSTHHOU COCTABJISIOIIEH BBIXOMHOTO HATIPSIKEHUS).
V3mepenne o6I1ero Toka, OTpebAsIeMOTO YCUTUTEIEM OT UCTOYHWKA TIUTAHVS, B IaH-
HOM CJIyyae He TIpUeMJIeMO, TaK KaK TOK, TeKYIIMH yepe3 MaJOCUTHAJIbHBIE KaCKaJlbl,
a TakKe TOK TIPEOKOHEYHOTO KacKkaza (1o KpaifHell Mepe, B cxeMaX Ha KOMILIEMEHTap-
HBIX [IApax ¢ 0GPaTHOMU CBSI3bI0) CIIUIITKOM BEJIUKH, YTOOBI MU MOKHO GBIJIO TIPeHeOPEYh
110 CPaBHEHHUIO C TOKOM IIOKOSI OKOHEYHOTO KacKa/ia. MoXKHO olpesiesInTh TOK Iq KOCBEHHO,
Ty TeM H3MEPEHHS HATIPSUKCHIS V , TIOCKOJIBKY COMPOTHBJICHILS PE3NCTOPOB Re M3BECTHEI
(TIpU 3TOM MBI OTIATH-TAKHU TIOJIaTaeM, YTO CMEIIEHIE TIOCTOSHHON COCTABJISIONIEH BBIXOI-
HOTO HaIPsLKEHMst paBHO HyJTi0). Ho B TaKOM cJTydae u3MepeHue He OyIeT J0CTaTOYHO TOY-
HBIM, TaK KaK PE3UCTOPBI C MAJIBIM HOMUHAIIOM UMEIOT JIOTYCK He Jryurie +10%.

Ho pas Ham Hy’KHO 3HATB TOJILKO MapaMeTp V , TO TOYHOE 3HAYCHIE COMPOTHBIICHH
Re Hac yxe He nntepecyet. PasymeeTcs, 3To ellle He 03Ha4YaeT, YTO Mbl HAYUYUJINCh TIPO-
CTO U3MepSITh 3HaueHue Koa(h UIeHTa HEeJMHEHHBIX HCKakeHui. Tpebyercst ere
BBISICHUTD, HACKOJIBKO TOYHO YPOBEHD IEPEXOHBIX UCKAKEHUN OIPEe/esIaeTcsl BeJndn-
HOU Vq.

K Tomy ke Hamo MpUHATH BO BHUMAHWE, YTO B JACHCTBUTEIBHOCTH CMEIIEHUE
MTOCTOSTHHOM COCTaBJISIONIEN HAaNpsKeHUs Ha Beixozie Y M3Y He paBHO CTPOTO HYJIIO,
XOTSI 3Ta CJIOKHOCTH MOXKET OBITh yCTpaHeHa MyTeM OTKJIIOUEHHS HATPY3KU Ha BPEMsI
usmepenuit. Ho caeayer noHuMaTh, 4T0 63 aHANIN3AaTOPA HEJMHEHHBIX MCKaKEHUI,
a TaksKe 6e3 BU3yaJbHOTO HaOJTIOIEHUs BBIXOAHOTO CUTHAJIA Ha dKpaHe ociuiorpada
TPYAHO OBITH YBEPEHHBIM B TOM, 9T0 B Y M3Y OTCYTCTBYIOT Mapa3uTHLIE KOIEOAHIIST
M UTO caM OH 00eCTieurBaeT KaueCTBEHHOE 3BYKOBOCITPOU3BE/ICHHE.

Kax y»e roBopuiioch panee, xapakTep HEJIMHEWHBIX UCKA)KeHUI B THITHYHOM Y M3Y
npu paboTe Ha HATPY3KY conpoTuBaeHreM 4 OM OTIIMYAETCS OT TOTO, YTO MPOSIBJIAETCS
pu 8-OMHOM HarpysKe. ITO CBSA3aHO C TEM, UTO TIPH OOJBIIEM TOKE HATPY3KH OKOHEY-
HOTO KacKajla HauMHAET 3aMETHO TIaJIaTh 3HaYeHre Koa(hHUIneHTa repeaayn Toka 6asml
BBIXO/IHBIX TPAH3UCTOPOB, B pe3yJbTaTe TaKXe BO3pacTaeT HArpy3Kka Ha TPAH3UCTOPHI
MIPEJIOKOHEYHOTO KAacKa/la W BO3PACTAET YPOBEHDb TPEThEH TaPMOHWKU YCUIMBAEMOTO
curraa. Hajmo saMeTuTh, 4TO GOJIBITMHCTBO TPOMKOTOBOPUTEIEH MMEIOT OILyTHMbIE
IIPOBAJIbI IIOJIHOTO CONPOTUBJICHUS TP U3BMEHEHUH 4aCTOThI CUTHATIA.

Kaxk 910 HU TPUCKOPOHO, HO TIOTBITKH KAK-TO U3MEHUTh HOMUHAJIBI 3JIEMEHTOB OKO-
HEYHOTO KacKajia He MOTYT MPWBECTH K 3aMETHOMY CHMIKEHUIO YPOBHS MEPEXOIHBIX
nckaxenuii. [Ipu aToMm ciemyer nMeTs B BUAY, YTO:

- OTIPEJIETIAIONIUM C TOUYKHU 3PEHUST YPOBHS UCKAKEHUI SIBJISETCS] 3HAaYeHUe
HampsKeHUs Vq, TOK I o HE CTOJIb BakeH;

— IUI TIOJJEepsKaHis CTaOUJIBHOCTH HAIIPSIKEHUS Vq TpebyeTcss HaJaudue
CXEMBl TEPMOKOMIIEHCAI[UY, IIPH ITOM HET HEeOOXOAUMOCTH B 3HAHUU
Kako#-mbo Apyroil mHMOPMAIINN, KPOME TEMIIEPATYPhl P-N-MEPEXOI0B
TPAH3UCTOPOB TIPEJOKOHEYHOTO M OKOHEYHOTO KackajaoB. IledasbHO, HO
9Ta TeMIepaTypa He MOXKeT ObITh H3MepeHa HElOCPEACTBEHHO.
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5.5.17. NHepuMOHHOCTb NepekntoYeHns (UckaxeHue 3B)

CKOpOCTD MEPEKTIOUEHNUS 3aBUCHT OT MHOTUX TTAPAMETPOB, TJIABHBIMU M3 HUX SIBJISIOT-
CsI CKOPOCTHBIE XapaKTEPUCTHKU BBIXOAHBIX TPAH3UCTOPOB U TOTIOJIOTHS BBIXOIHON
nenu. Eciim octaBUTh B cTOpoHE (hU3NUYeCKHUe MPOIECChl, TIPOUCXOAIINE B TIOJIYIIPO-
BOJIHUKAX, U COCPEJOTOYNTHCS HA CXEMOTEXHUKE, TO OTPEAEISTIONUM (haKTOPOM SIBJIS-
€TCsl TO, MOJKET Jin 6a3a-9MUTTEPHOE HAIPsIKEHUE CMENIeHus, ToaBaeMoe Ha TPaH3H-
CTOPBI OKOHEWHOTO KacKaja, MPUHUMATh TPH paboTe YCUIUTENST OTPUIlATEIbHBIE
3HaueHust. Cpefid pacpoCTPaHEHHBIX BAPUAHTOB UCIIOJHEHUS OKOHEYHBIX KACKAI0B
YM3UY 1oabKO B cXeMe, IPUBEAECHHON Ha puc. 5.40, 6aza-aMUTTEPHbIE P-N-IIEPEXO/IbL
TPAH3UCTOPOB MOTYT OKa3aThCsA CMEIEHHBIMU B 0OPATHOM HATIPABJICHUN,

BropbiM hakTOpOM SIBJISIETCSI HOMUHAJ PE3UCTOPOB B KOJIJIEKTOPHOM U OMUTTEPHOM
IIeNU TPAH3UCTOPOB MPEIOKOHEYHOTO KACKa/la: YeM WX COMPOTUBJIEHUE MEHbIIE, TEM
ObICTpEe paccachiBaOTCSA HOCUTEH 3apsijia U TeM OBICTPee MePEKJII0YaIoTCsl TPAH3MUCTO-
pol. [IpuMeHeHe ATOTO TpaBUJia TIO3BOJISIET 3aMETHO CHU3UTh YPOBEHD UCKAKEHUH HA
BBICOKHUX YaCTOTaX yCUANBaeMoro curaamna. CireayeT UMeTh B BULY, UTO TIPHU CHIKEHUN
COTPOTUBJIEHUSI TUX PESUCTOPOB TAKIKE YMEHBIINAETCS JTUTEIbHOCTD TEPUOIA BPEMe-
HU, B TeYeHHe KOTOPOro 00a Imjeda JBYXTAKTHOTO OKOHEYHOTO KACKaJga HAXOMSATCS
B IIPOBOAAIIEM cOCTOsHUU (IIpu padoTe Ha BHICOKUX YACTOTAX), YTO CHIKaeT ¢ ex-
THUBHOCTB PabOTHI M KaTaCTPOPUUIECKN YBETUUINBAET TOK, TOTPEOISIEMBIN OT HCTOYHMU-
ka nuranust |13]. YroObl moKas3arh CrpaBelIMBOCTh TOTO YTBEPXKIEHUS, HA PUC. 5.45
[oKa3aH rpauK 3aBUCHMOCTH TOKa MOTPeOJIEHHUsT OT YaCTOThI YCUIMBAEMOrO CUTHAIA
IIJIST PA3JINYHBIX 3HAYECHWH CONTPOTUBJICHUS PE3UCTOPA, YCTAHOBJIEHHOTO B KOJIIEKTOP-
HYIO IeTTb TPAH3UCTOPA MPEOKOHEYHOT0 KacKkaia (MCII0Ib30Baach CXeMa Ha KOMILIe-
MEHTApHbIX Mapax ¢ 0OPaTHON CBSI3BIO).

500

400 |

Tok ucToyHuKa
nuTaHns, MA

350

300 |-

250

1y 10 kly 20 kly 30 kI, 50 kly, ran 100 Iy, 150k My 200 kI
Yacrota

Puc. 5.45. 3aencumocts Toka notpebnenus (MA) ot yactoTsl ycunmeae-
moro curHana (k) npyu pasnuuHbLIX HOMMHGNAX Pe3ncTOpa B KONMEK-
TOPHOM LiENK TPOH3UCTOPA NPEROKOHEYHOTO KACKAAA B CXEME HA KOM-
NAEMEHTAPHbIX NApax ¢ 06paTHoM cesi3bio
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: AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) 02 JUN 98 19:30:59
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Puc. 5.46. 3aemcumocts KHM ot yacrotbl curiana npu Hanmumm ycko-
PSIOLLEro KOHAEHCATOPA, BKIIOYEHHOrO NapannentHo oblieMy pesucro-
PY, YCTAHOBREHHOMY B SMUTTEPHOM LieMM TPAH3UCTOPOB NPEAOKOHEUHOrO
KACKAAQ, U B OTCYTCTBUE 3TOrO KOHAEHCATOPA (cM. cxeMy Ha puc. 5.46)

ITpu MCIIOJIB30BAHUN CXEMBbI, IPUBENEHHOI Ha PUC. 5.40, IOJK/IIOUEHKE YCKOPSIOLIe-
ro KOHZEHcaTopa IapajuleibHO 00LIeMy SMUTTEPHOMY PE3MCTOPY TPAH3HCTOPOB IIpe-
JIOKOHEYHOTO KaCKajla MO3BOJIIET 3aMeTHO CHu3WTh BeanunmHny KHW Ha BBICOKHX
yacroTax (puc. 5.46). Ha Huskux gactorax ahpeKT OT yCTaHOBKY KOHIEHCATOPA MAJIO-
3aMeTeH, Ho 1pu YacToTax Bbimie 40 k' Bemunna KHU camkaeTcs Moyt BABOE, UTO
00DBSICHSETCS TIOBBIIIEHNEM CKOPOCTH IIepeKjoYeHuss TpaHsucropos. Kpome aroro,
HEMHOTO 3aMeTHO yJyuliieHre B yacToTHOM ananazone ot 300 I'i go 8 kI,

5.5.18. TennoBble UCKaXKeHUSA

TennoBbie NCKAKEHUS YCUINBAEMOTO CUTHAJIA BBI3BIBAIOTCS ITUKJINIECKIM U3MEHEHN-
eM TeMIlepaTypbl 2JieMeHTOB cxembl Y M3Y, nmpoucxoagaimmm ¢ TOl ke 4acTOTOMH, YTO
7'y CUTHAJIA, B Pe3yJIbTaTe YeT0 U3MEHSIOTCS TapaMeTpBsl 9TUX 3JeMeHTOB. /1711 nHTe-
IPaJIbHBIX ONEPAIIMOHHBIX YCUJIUTENEN 9TO, U MPaBJA, ABJISAETCS JOBOJIBHO CEPbe3HON
mpobIeMOii, TaK KaK B HUX BXOJHbIE U BBIXOIHBIE IIEIM PACHIOJIOKEHBI HA OHOM KPH-
cTajiie MoJIyPOBOIHUKA OUeHb 6JM3K0 ApyT K Apyry. Ho ams YM3Y B auckpeTHOM
HCIIOJIHEHUU TEIJIOBble MCKa)KeHMs COBeplIeHHO He 3aMeTHbl. Hekoropble aBTOpBI
TOBOPST 00 X CYIIECTBOBAHUH, HO UCCIEIOBAHNUS ABTOPA TIO3BOJISIIOT YTBEPIKAATD, YTO
TensIoBble UckaxkeHus B YM3Y Ha IUCKPETHBIX KOMIIOHEHTAX HUKAK He TPOSIBJISIOT-
cs1. Tloka 4TO HUKTO He MpUBET OOBSICHEHHIT TOTO, KaK TEIUIOBbie 3(D(EKThHI MOTYT
BIUATH Ha pabory siementoB YM3Y, Kakoil IPUMEPHO YPOBEHb UMEIOT COOTBET-
CTBYIOTIE MCKAKEHUST CUTHAJA U ¢ TIOMOMILIO KAKOW CXeMbI M3MePEHHST MOKHO GBITO
ObI 3a(hUKCUPOBATH UX HAJIUYHE,

Ecau npenrionoxurb, 4TO KaKoe-TO BJAUSHUE HUKJIUYECKOIO U3MEHEHUsS TeMIle-
paTypsl 3JIEMEHTOB € YacTOTOH yCHJINBAEMOTO CHTHAJa BCE-TaKM MMeeT MeCTO, TO
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COOTBETCTBYIOLIME MCKAKEHUS MPOSIBJISLINCH Obl Ha OY€Hb HU3KHMX YacTOTaX B BHUJIE
BTOPO#1 uim Tperbeit rapmonuku. Ho ganubiil adekt He 0GHAPYKUBAETCS IPU H3Me-
pennsx. Haubospliero BAMAHUS CAeIOBAN0 Obl OXKUAATh B OKOHEYHOM KacKale,
MTOCKOJIBKY TaM 9JIEMEHTAMH PACCEUBAETCS HAUOOJIBINAsI 9HEPTHUS, HO U TaM TEeTLJIOBbIE
HCKaxKeHUst OOHAPYKUTh He YIAEeTCSL.

OpHo 13 0OBSACHEHUIT OTCYTCTBUsI TEIIOBOTO a(deKTa 3aKaodyaeTcs B GOJBIION
TEMJIOBON WHEPIIUMOHHOCTU P-N-TIEPEXOI0B TPAHZUCTOPOB (HECKOIBKO CEKYHI pabOTHI
€ MOJIOTKOM ¥ 3yOMJIOM — U YMUTATeIb MOYKET BOOUMIO YOeAUThCs, YTO IJIOMIAb KPHU-
CTajyIa TMOJYIPOBOIHUKA, PACTIONIOKEHHOTO BHYTpU Kopityca Tpanaucropa MJE340,
B 4 pasa Goubiue, yem y TLO72). U3-3a 60JIbLI0I TEILIOBOI MACChI IIOIYIIPOBOLHIKA
€ro mapaMeTpbl He MOTYT U3MEHSIThCSI 04€Hb OBICTPO, TI09TOMY 3TH U3MEHEHHUSI He TIPO-
aBJIstioTCs 1axke rpu yactore curnana 10 I'n. Kpome toro, Ha oueHb HU3KUX 4acTOTAX
koo duiment nepenaun Kontypa OOC 00bIUHO BEJIMK — BIIOJHE BO3MOMXKHO paspabo-
tarb YM3Y, y kortoporo Ha gactore 10 Tt aToT mapamerp Gyer gocturats 100 1B —
XOTsI Ja’Ke MHOTO MEHBIIUX 3HAYeHUI OyZeT BIIOJIHE AOCTATOYHO, YTOOBI YMEHBIUIUTh
YPOBEHDb UCKAKEHWH HIZKE TTOPOTa M3MepeHus Ha yactoTax /o 1 k[ uim okosio Toro.

OmnucanHast B 9TOM KHUTE METOAMKA IIPOEKTUPOBAHUS «Ge3yIPEYHOro YCUIUTEIS»
nossoJisier pazpaborars YM3Y, sesnunna KHU koroporo na yacrore 10 Ty gocTura-
et 0,0006% wiu nasxe menbiie. Ecyin ObI TEMJIOBbIE UCKAKEHUST TIPOSIBIISLINACH, CTOJb
HU3KME 3HaYeHUs Koo UIMeHTa HeJIMHENHBIX HCKAKEeHII Ha MaJIbIX 4acTOTax ObLIN
ObI HEJIOCTHUKUMBIL.

[loBosbHO pesiko MOKHO yBUETH rpaduk 3aBucumoctu KHU ot wactoTsl, y KoTo-
POTO MMeeTCsT BCIJIECK HA OYeHb HU3KUX YacTOTaX, HO Jlajke KOTJla aBTOPY MPUXO/U-
JIOCh UMETD Z1eJI0 ¢ ogooubpMu Y M3Y, Bcerga yaaBasoch IOHU3UTh HU3KOYACTOTHDII
YPOBEHb UCKAKEHUN 3aMeHON KOH/IEHCATOPA, YCTAHOBJIEHHOTO MEK/y KacKaaMy WUJIn
B 1leni 0OPaTHOMU CBSI3U.

TeM He MeHee, aBTOD IPOJIeJIal 9KCIEPUMEHT, HAZEACh 0OHAPYKUTh XOTh KaKUe-TO
cJIebl TEIIOBBIX MCKaskeHuH. /[yst sToro mcmoab3oBaiach cxema YM3U kmacca B,
CXOJ[HAs C TOM, 4TO M300pazkeHa Ha puc. 6.16 (3a UCKIIIOYEHHUEM TOTO, YTO B OKOHEYHOM
Kackajie ObLIK YCTaHOBJIEHbI KOMILIEMEHTaPHbIE Aaphl ¢ 06PaTHOI CBs3bI0). TeHepaTop
BXOJHOTO CUTHAJIA, WCIIOJIb30BABIIMICS B 9KCIIEPUMEHTE, 00Jaal BHICOKON TOYHO-
CThIO, HO HEOOXOAMMO BCe JKe YYECTh KOHEYHYIO IIMPHHY CIIEKTPa BXOAHOIO CUTHAJIA,
[03TOMY B TabJI. 5.5 MPUBEIEHO CPaBHEHKE aMILIUTY/l TADMOHUK Ha BXOJE U BBIXOJE
YM3U4. Ananuzatop CHekTpa, y4acTBOBABIINN B WM3MEPEHUSIX, UMEJ YaCTOTHBIN
mranasod mupuHoil 1 T (st yactorel curhana 10 i) u 4,5 T (st 1 kT1p), 4To6b1
OT(UIIBTPOBATH NTUPOKOIIOJIOCHBIH TIIYM.

IKCIIEPUMEHT TTOATBEP/INJI /IBE BEIIU: YTO TEHEPATOP CUTHAJA, U TIPAB/A, SIBJISIETCS
OYeHb KaueCTBEHHBIM U 4TO HccienoBaBinuiicss YM3U obsagaer BHICOKOH JTUHENHO-
cThi0. HUKaK1X IPU3HAKOB TEILIOBBIX UCKAKEHMIT OOHAPYKUTD HE YAAIOCh.

Haxomerr, npuBeem elie 0{HO JoKa3aTebcTBO. Pacemorpum Y M3Y ¢ oKOHEUHbBIM
KacKaJloM Ha KOMIUIEMEHTAPHBIX Hapax ¢ 00paTHOI CBSA3bIO, HAIIPSKEHUE CMEIIEeHNSs
B KOTOPOM BBIGPAHO HUKE ONTUMAJIBHOIO, YTOOBI TEMIIEPATyPa P-N-IIEPEXO0B BHIXO/-
HBIX TPAH3UCTOPOB HE OKAa3bIBAJA BJUSHUS HA TOK, TEKYIIUI 4Yepe3 HUX B PEKUME
[IOKOS — B 9TOM CJIydae II0JI0KeHne paboueil TOUKH IIOKOs OIIPEIEsISIETCs TOIbKO TEM-
MepaTypoil TPAaH3UCTOPOB MPETOKOHEYHOTO KAaCKaa.
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Tabauua 5.5. OtHOCHTENbHBI YPOBEHL FAPMOHMK HO BXOAE W BLIXOAE

YM34
Yacrora 10 I'l YpoBeHb rapMOHHK Yacrora 1 xI'n YpoBenb rapMOHHK
OcHosHast 0,00013% 0,00031% 0,00012% 0,00035%
Bropas 0,00033% 0,00092% 0,00008% 0,00060%
Tperss 0,00035% 0,00050% 0,000013% 0,00024%
Yersepras <0,000002% 0,00035% <0,000008% 0,00048%
[siras <0,00025% <0,00045% 0,000014% 0,00024%
ecras <0,000006% 0,00030% 0,000008% 0,00021%
Cenpmast <0,000006% <0,00008% 0,000009% 0,00009%
Bockmas <0,000003% 0,00003% 0,000008% 0,00016%
Nlessras <0,000004% 0,00011% 0,000007% <0,00008%
KHU
(ITommoca mporryckanus 0,00046% 0,00095% 0,00060% 0,00117%
80 xI'x )

5.5.19. TennoBble NCKaXXeHUS, BO3HMKAIOLLME B UHTErpaNbHbIX MUKPOCXeMax
ycunutenen MOLHOCTA

Bpewmst ot BpeMeHU aBTOPBI, MUIIYIIIE HA TEMY HU3KOYACTOTHBIX YCUIUTENEN, IeIaioT
PasJNYHOTO poOJia TPEIOJNOKEHNST O <«TeIVIOBBIX HCKakeHWsIX». OdeHb 4YacTo
MPEANOIATAeTCsl, YTO TPUYUHON HUX BO3HUKHOBEHUS SBJSIOTCS IHKJINYECKUE
TeMIepaTypHble U3MEHEHWS C YacTOTON CHTHAIa, BBI3BIBAIOIINE MOIYJISIUIO
MapaMeTpoB TPAH3UCTOPOB. De3 BCAKMX COMHeEHWit, momobHas mpobiemMa peanbHo
CYIIECTBYET B MOIIHBIX WHTEIPAJBbHBIX MHUKDPOCXEMaX, B KOTODBIX KaK MEXKIY
BXOJIHBIMM, TaK W BBIXOAHBIMH IOJYIIPOBOAHUKOBBIMU IIPUOOPAMHU CYIIECTBYET
JIOCTATOUYHO CHUJIbHASI TEIJIOBAsi CBsI3b, TaK KaK OHHM PACIIOJNATAIOTCS B
HEMOCPEACTBEHHON GIM30CTH HA OJTHOM ¥ TOM K€ MUKPOKPUCTAIIE KPeMHUS (YnTIe);
OJIHAKO, [IJIs YCUJIUTENS MOIIHOCTH, BBIIIOJHEHHOTO HA IUCKPETHBIX KOMIIOHEHTAX,
MoIo6HAasT TEMIOBAsK CBSI3b OTCYTCTBYET, B CHJIY YETO TAKJKE OTCYTCTBYIOT U MOAOOHBIE
TETVIOBBIE NCKAKEHUS.

TernnoBbie HEIMHEHHOCTH B OCHOBHOM TIPOSIBJISLINCEH ObI B BUJIE UCKAXKEHUH BTOPOIA
WJTM TPEThel TapMOHUKH, IpHoOpeTasi BECOMOCTh Ha HU3KUX 4aCTOTaX, a SIBCTBEHHEE
BCETO JaHHbI 3 beT postBIsiiicst ObI B BRIXOAHBIX Kackagax Kiacca B, B KOTOpbIX
TENJIOBOE paccesHUe CUJIBHO W3MEHsSeTCs Ha TPOTSLKeHWM Bcero mepuwoma. B
YCUJIUTEJSIX K€ MOIIHOCTU, BBITOJHEHHBIX HA IUCKPETHBIX KOMIOHEHTaX, TaKOU
3¢ heKT coBepIIeHHO He HabIoAaCs Obl.

Ho TerutoBsie nckaskemus, 6e3 BCIKUX COMHEHMI, TeHCTBUTENBHO MPUCYTCTBYIOT B
YCUJIUTEJISIX MOIITHOCTH, BBITIOJTHEHHBIX HA MHTErPaTbHBIX MUKpocxemax. Ha puc. 5.47
MPUBOAUTCS YACTOTHASI 3aBUCUMOCTDh MCKAKEHWH [T WHTErPATbHOM MUKPOCXEMBI
yeusmresst mottoctd TDA 1522Q womnanun Duiunce [Philips]|, koropas, kak
YBEepEeH aBTOD MaHHOH KHUTH, MOATBEP:KIAET HaTnyne addeKTa. Y poBeHb MOITHOCTH
pu pabore Ha Harpysky 8 Om cocrasisii 4,4 Bt, mpu Harpyske 4 OM oH cocTaBiisii 8
Br. Kak u 6biBaer B ciydyae TMOAOOHBIX YCUJIUTENEH YPOBEHb UCKAXKEHWH OGBIYHO
BBICOK, O/IHAKO, OH PE3KO IPOBaJMBaeTcs (CHMKaeTcs) B paiioHe dactoTel 40 Iy
eIMHCTBEHHOE IpaBIoNoA00HOe 0o0bsicHEHHEe 3TOro V-06pasHoro mposaja
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Puc. 5.47. YactotHas 30BMCMMOCTb MCKAXEHWM ANS MHTErpanbHOM
MHMKpocxeMbl ycunutens mowHoctn TDA 1522Q komnawnn Punmnc
[Philips]. YposeHb MowpocTn coctaensn 4,4 Bt cpepHeksappatuyeckoro
3HaueHus npu pabote Ha Harpysky 4 Om. MMywktMpHas nuuus
NoKa3bIBAET XOf 3aBMCMMOCTH ans ckopoctu cnapa 12 gb/okrasy

3aKJIFOYAETCST BO B3aMMHON KOMIIEHCAIMW WCKaXKeHWH, MPUYNHON BO3HUKHOBEHUS
KOTOPBIX SBJIAIOTCS JIBA COBEPIIEHHO PA3JMYHBIX UCTOYHUKA. B 06macTu GoJiee HUBKHUX
YaCcTOT OTHOCHUTEJNBHO 9TOr0 V-00pasHOro chaja CYIIECTBYIOT WCKaKeHUs BTOPOM
TapMOHUKH, HapacTarolue co ckopocTbio 12 nb/okTaBy ¢ ymenbinenuem yactorsl. HY
pasHOCTHAs XapaKTepPUCTUKA BBIIVISIUT COBEPIIEHHO MHAye [0 CPaBHEHUIO C
UCKaKEHUSIMU B CEPEIMHE JMAazoHa, KOTopast IPeCTaBiseT coboi cMech BTOPO U
TpeTbell TapMOHWK, /ONOJHEHHYIO NMUYKAMU IIepexojla CUTHaJa 4epe3 HyJIeBON
YPOBEHb.

YacToTHast 3aBUCUMOCTHh KO3(QUIIMEHTA CYMMapHBIX HEJUHEWHBIX WCKAKEHUN
cHukaetcd Boinie yactoTel 10 kI n3-3a orpannyeHus 11010CH IPOITyCKaHUS YaCTOTON
80 kT Ha pasHOCTHON YACTOTHOI XapaKTepUCTHKe W 6GoJiee BBICOKOTO IOPSIKA
TAPMOHUYECKUX COCTABJIAIONINX, KOTOPblE OTBETCTBEHHBI 32 MCKaKEHUSI, BbI3BAHHBIE
TTepexo/ioM CUTHAJIA 9epe3 HyJIeBOH YPOBEHb.

Bce ocranmbubie Bo3MOkHBIE HCTOUHUKM yBesaudeHus: HY uckakenuil Takue,
HalpUMep, Kak HecopasMepHas pPas3BsizKa, ObUIM WCKJIOUYEHBL J[JI MCKIOUeHMs
BO3HMKHOBEHWS] HEIMHEWHOCTU B CX€ME OTCYTCTBOBAJ BBIXOJIHOM KOHJICHCATOP.

IIpencraBisgerca AOCTATOYHO OYEBUHBIM, YTO PE3KOe BO3pacTaHue B JAaHHOM
ciydae 00SI3aHO CBOUM TPOUCXOKIEHUEM TEIJIOBBIM HCKAKEHUSIM, SIBJISTIOTTIXCSI
Pe3yJIbTaToM OOPATHOM CBSI3W MEXKIY BBIXOIHBIM KACKAJIOM YCHJIUTEJS] MOIIHOCTH U
TIPEANIECTBYIOMMNMH KacKaJaMi YCUJIUTEJIs, BEPOsSTHEe BCETO, BXOAHBIM KaCKaIOM.
Kak ciemoBano Obl oxuMAATh, JaHHbBIH 5DQPEKT JOJKEH IIPOSBIATHCS CUIbHEE IIPU
YBEJIMYEHNN HATPY3KHM, TaK KaK 3TO BBI3BIBAET OoJiee WHTEHCWBHBIN pa3oTpPEB; B
JEeNCTBUTENbHOCTH, YMEHbIIIEHNE HATPY3KU B/IBOE JABYKPATHO yBEJWYUBAET 3HAUCHUE
HU3MEPSIeMOTO CYMMapHOTO K03 PUIHEHTA HETMHEHHBIX HCKAKEHUH B 06JaCTH 4aCTOT
Huke V-06pasHoro mposasa Ha yacrore 40 T,
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5.5.20. BbiGop BbIXOAHOTO KackaAa

Jlaxe eciy Mbl U IPUAEPKUBAeMCI KaKOTO-TO HauboJjiee MOAXOAAIIET0 TUIIA
BBIXOJIHOTO KacKaja, BCe PaBHO Mepe/l HAMU OCTAETCS CJIUIIKOM CJIOXKHBIHN, 1
YacTO 3aTPYAHUTEJbHBIN, BBIOOD KOHKpeTHOTO BapuaHTa. CTOMMOCTD HMaphbl
KOMTIJIEMEHTAPHBIX MOIIHBIX ITOJIEBBIX TPAaH3UCTOPOB, MO KpaliHel Mepe,
BABOE IIPEBBIIIAET B HACTOAIEE BPEMS CTOUMOCTh IPUOIM3UTETHHO
AHAJOTUYHOM MO XapaKTEPUCTUKAM Mapbl OGUIOJSIPHBIX TPAH3UCTOPOB, a C
YYeTOM MJIOXON JTUHEHMHOCTH XapaKTEePUCTUK U HU3KOU 3 (PeKTUBHOCTU 3TUX
npubGOPOB MOTUBAIMOHHBIM OOV KIEHUEM UX NPUMEHEHHUS MOTYT 0Ka3aThCs
CKOpee CTOMMOCTHBIE, 2 HE TEXHUYECKNE XapaKTEPUCTUKH.

OcTaHOBUB CBO¥ B3TJIsAA Ha OUITOJSPHBIX TPAH3UCTOPAX, aBTOP AAHHOU
KHWTW TpUIIeJ K BBIBOAY, UYTO [Js CO3/JaHUS CaMOTO Jy4Ilero IO
XapaKTePUCTUKAM BBIXOMAHOIO Kackajga Haumbojiee IMOAXOMASNIUME SBJISIOTCS
cleayonne KaHauaaTh:

1. BoixogHOW Kackaj, cCOOpPaHHBIA 110 CXeMe SMUTTEPHOrO0 MOBTOPUTENS
Tuna II, sBasercs HAWUJYYIIUM C TOYKU 3PEHUS TPOTUBOCTOSHUS
NCKaXKEeHUAM, BBI3BAHHBIM MpOIeCCOM BBIKJIIOYEHU T
MOJYIPOBOAHUKOBBIX NPUOOPOB, OAHAKO, obecnedeHne CTaOUAbHOCTH
Toka B paboueit Touke BAX MoxeT oKaszaThbCd JOCTATOYHO
npobIeMaTUYHBIM.

2. Tomonorusi cxeMbl Ha TMape, OXBAaYeHHOW KOMIT€HCAIMOHHON
(momonHsONIEH, KOMIJIeMeHTapHO#) ob6patHoit c¢Bs3pio, CFP,
obecrednBaeT XOpONIy cTabUAbHOCTh TOKa B paboueil Touke BAX u
Huskoe 3Hayenue LSN (MasocurmaspbHOro myma - ?); ee Hauxyallei
OTpUIIATETHHOU CTOPOHOUW  gBJISETCS TO, UYTO OKa3bIBAeTCHd
HEBO3MOJKHON IIoga4a OTPULATENAbHOIO CMEIeHNnsI Ha 0a3bl BHIXOMHBIX
TPAH3UCTOPOB [JsI UX OBICTPOTO BBIKJWUEHUS (€3 MCMOJTb30BaHUS
NOMOJHUTETbHBIX MIUH BHICOKOBOJIBTHOTO MUTAHUS.

3. BrIXonHOW KBa3dWM-KOMIIJIEMEHTAPHBIN Kackaj ¢ AuonoM bakcanmania
[Baxandall] mocraTouno 6JIM3KO MMUTHPYET IO CBOEH NMHEHHOCTH
KacKaJbl Ha OHMUTTEPHBIX TOBTOPHUTENSX, NPH 3STOM COXpaHIA
MOTEHIINAJbHYI0 TEPCIEKTUBY CIKOHOMUTH Ha MOJYNTPOBOIHUKOBBIX
npubopax BBIXOZHOrO Kackaga. Ho crabuibHOCTh TOKa B paboueil
touke BAX, He Tak Xopoiia, Kak AJs KacKaJOB Ha Tape, OXBauyeHHOU
nponoaHsgoieil obparuoil ceasbio, CFP.

5.5.21. 3amblkaHUe KOHTypa 0O6paTHON CBA3U: UCKAaXeHUsl, BO3HUKaWOLWNe B
NONHOMN CXeMe ycunuTtens

B TmaBe 4 pganHoii KHUTM OBLIO IOKAa3aHO, KaK CPAaBHUTEJIBHO IPOCTHIE MpaBUjIa
pacuera CXeMbl MOTYT O00O€CHeYUTh YCJIOBUSA, IIPU KOTOPBIX CyMMAapHBII
K03 GUINEHT HeJMHENHBIX UCKAKEHUN OJIHUX TOJbKO MaJIOCUTHAJBHBIX KACKaJ[0B
MOKeT OBITh CHIJKEH B aKyCTHYECKOM JMANa3oHe BIJIOTH 10 3Haverus memee 0,001
%, TPUYEM, C COBEPIIEHHO BOCIPOU3BOAUMBIM PE3YJbTATOM U (€3 UCIOJIb30BAHMUSI
myraole 60JIbIIOro KoJIudecTBa 06paTHbIX cBaseil. OObeAMHIA 9TU OACHUCTEMBI C
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AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz) 20 MAY 98 19:54:57
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Puc. 5.48. YacrotHas 3aBucHMOCTb CymmapHoro KosdduuueHTa
HENWUHENHBIX WUCKOXEHWUM YCUAMTENS C 3GMKHYTOM Lembio 0BparTHOi
CBS3M, B BbLIXOJHOM KACKOAE KOTOPOrO MCMOMb3OBOHA CXEMd
3MUTTepHbIX NoBTopHTenen. Passusaemas MowHocts cocrasnser 100 Br

npu paborte Ha Harpysky 8 Om

OJIHAM ¥3 BBIXOJHBIX KAaCKaJOB, WMEIOIIMM HAMOOJNbIIYI0 JUHEHHOCTH
XapaKTePUCTUKU W ONMUCAHHBIM B [71aBe 4 maHHOW KHUTH, TAaKUM, HaIIpUMeP, KaK
Bepcusl BBIXOAHOIO KacKaja Ha Iape ¢ AOloJHsomeld obparnoit cssasbio, CFP,
KOTOPBI obecriednBaeT CyMMapHbId Koa(h(MUIMEHT HEeJIUHEHHBIX MCKaKEeHUH B
peskuMe PasoMKHYTOi memu obpatHoil csizu B 0,014 %, a Takxke uMmes B yMe, 4TO
Bcerja BO3MOYKHO IIPMMEHEHMEe IPOCTOM OTPUIATeNbHOW OOpaTHOW CBSA3M, HaM
HAaYMHAET Ka3aThCs, UYTO Y HAC €CTh B HAIMUUHU BCE YCIIOBUS JIJISI CO3/IAHUS Y CUTUTES
MOII[HOCTH, TEOPETUYECKH TOJHOCTHIO M30aBJEHHOTO OT KaKUX OBl TO HU OBLIO
HeJIMHeHbIX NcKakeHnil. OTHAKO peasibHas )KU3Hb OUY€Hb PEIKO OKA3BIBAETCS TAKOU
MIPOCTOH...

(Cnenyer obparuth BHUMaHUe, yT0 AP 3aBucumoctu (amplifier performance —
paboune XapaKTEPUCTUKU YCWJIMTEJs), IPHUBEeAEHHble Ha puc. 5.5 - 5.7, Obuin
[IOJIyY€eHBI IPY CPeHEKBApaTudeckoil MourHocTu ycunuresst 100 Br, pazsuBaemoii
mpu paboTe Ha Harpy3Ky 8 OM, OT yCHJTUTEJIST, UMEIOIIETo TIOTPENIHOCTh Ha Bxoje -70
1B na yactore 10 xI'm u ycunenue (B pexkume 3amkhyToi nenu - ¢/1) B 27 1B,
obecneunBaiomnye KoI(GOUIMEHT yCUIeHUsT 00paTHOM CBSI3W Ha 3TOW YACTOTE,
paBHbIli 48 nb. JTa TOUKa HAXOAMTCS TOPA3/l0 BBHINIE YACTOTH OCHOBHOTO
(IOMMHAHTHOTO) TI0JIIOCA W TO03TOMY KO3(P(UITMEHT yCUJIEHUS OTPUIATEThHON
00paTHOU CBSA3M, CHUKAIIUNACA €O CKOpPOCThio 6 1B/OKTaBy, YMEHBIIUTCS IO
gnauenus 37 nb wa wacrore 20 k[m. JIuunHbiii ombIT aBTOpa MO3BOJSET
[PEANON0KUTh, YTO JaHHOE 3HaueHWe Koa(h@UIMEeHTa YCUIeHnsT 00paTHON CBSA3U
6JIM3KO K MaKCUMaJIbHO 6€30IIaCHOMY 3HAYEHMIO JJIsI IPUMEHEeHUsS B OOJIbIIMHCTBE
KacKaJIoB BBICOKOKAYeCTBEHHOU BOCIPOM3Bo/sInei anmaparypsl kiaacca HI-FI, mpu
YCJIOBUU WMCHOJb30BAHUS BBIXOJHOTO JIPOCCEJIS, YJIydIaiomero yCTOWYNBOCTD
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AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) 16 FEB 98 13:14:24
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Puc. 5.49. YacroTtHas 3aBUCHMOCTb CyMMapHOro KosddpuuueHTa
HENWUHENHBIX WUCKOXEHWUH YCUAMTENS C 3AMKHYTOM LeMbio 0BpaTHO
CBSI3M C BLIXOAHBIM KACKAAOM HA NAPEe € KOMNNEMEHTAPHOM 0BpATHOI
cesisbto, CFP. Passusaemas Mownocts cocrasnser 100 Bt npu Harpyske
8 Om

YCUJIUTENST IPU €MKOCTHOM XapakTepe Harpysku. K coskajeHWio, IpeacTaBsercs,
4TO OIYyOJMKOBAHHBIX CBEAEHUN 110 AaHHOMY MHIEKOTJIMBOMY BOIPOCY HE
CyTIECTBYET.)

Ha puc. 5.48 mpuBoautcst 4acTOTHAs 3aBUCHUMOCTD HEJTMHEHHBIX WCKAKEHUN
MOZI0OGHOTO YCUIIUTEJIST ¢ 3aMKHYTOU I€TTbI0 OOPATHOW CBSI3U, B BBIXOJHOM KacCKaje
KOTOPOTO HCIIOJIb3YETCsS CXeMa Ha YMHUTTEPHBIX IMOBTOPUTEJSIX, Ha puc. 5.49
MIPUBOISTCS AHAJOTUYHASA 3aBUCUMOCTD JIJIsl YCUJITUTENS C BBIXOJHBIM KAcKaZioM Ha
nape, oXBaueHHOH gonoHsoleil o6parHoil cesasbio, CFP. Ha puc. 5.50 npusoaurcs
YaCTOTHAS 3aBUCHUMOCTH CYMMapHOTO K0a(hPUIINEeHTa HETMHEHHBIX UCKAKEHWH [JIs
KBasU-KOMILIEMEHTApHOIO Kackaga ¢ aumonoM bexcanpanna (Baxandall) [14]. B
KasKIOM CJTydae MCKaKeHus Tuia 1 u Tuima 2,a Takske MCKasKeHUsI THIIOB 4 — 7 ObLIn
UCKJIIOYEHBl METOJaMU, ONUCAHHBIMM KAK B IIOCHEAYIONINX, TaK U IPEIbIIYIINX
['naBax KHWTH, C LIEJTBIO C/IEIATh YCUAUTENb Be3yIpeuHbIM BO BCEX OTHOIIEHUSIX.

C omuoro B3risiga OyleT BUIHO, YTO BCE 9TU YCUJIMTEIM BOBCE HE SIBJISIOTCS
TAKOBBIMHU, B KOTOPBIX TIOJTHOCTBIO OTCYTCTBYIOT WCKa)KE€HWs, XOTS WX
XapaKTePUCTUKHU  3HAUUTEJIbHO JIydllle, €cJIW TIPOBECTHU CPaBHEHUIO C
OpeACTaBUTENAME OOBIYHOTO KOMMepueckoro obopynosanus. CyMmMapHbIii
K09 UIINEHT HEeJUHEHHbIX HMCKaKeHWH B 00JIaCTH CPEIHUX YacTOT OYeHb Mal,
3HAYUTEHbHO HUXKEe MUHUMAJIbHOTO ypoBHs tmyma 0,0007 %, mpu 9ToM OOBIYHBII
nogbeM B obmactu wactor Huske 100 Ty ouenp Hesnaumtesen. OHAKO, BBIIIE
yacToThl 2 K[ cyMMapHBIil KOaUITMEHT HETUHEHHBIX UCKAXKEHUN BO3PACTAeT C
YacTOTOI CO CKOPOCTbIO, HaXojsdlelicss Mexxay 3Hauenusmu 6 u 12 nb/oxraBy, a
Pa3HOCTHAasE XapaKTEPUCTHKA MCKAKEHWIT B 3TOH 06JACTH COBEPIIEHHO OYEBHIHO
CBsI3aHA BO BPEMEHU ¢ 00JIACTHIO MCKAKEHUH, BBI3BAHHBIX MEPEX0/a CUTHANA Yepe3
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AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) 29 JUN 98 11:26:51
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Puc. 5.50. YacrotHas 3aeucumocTs cymmapHoro kosdduuneHta
HENIMHEMHBIX MCKOXKEHWMH YCMIMTENS C 3AMKHYTOM Lenbio oBpaTHoM
CBS3M; WCMONb3OBAH KBA3W-KOMMIEMEHTAPHBIA BbIXOAHOM Kackap
avopom bekcanganna. Mownocts yeunurens cocrasnser 100 Br npu
paborte Ha Harpysky 8 Om

HYJIEBO YPOBEHb, M COCTOUT U3 IapMOHHMK 6GoJiee BBICOKOIO MOPSIIKA, a HE W3
rapMOHHWK BTOPOTO WJIH TPETHETO TOPSAKA. AOCOJIOTHO WHTPUTYIONIUM SIBJISIETCS
00CTOATEIBCTBO, YTO KBa3U-KOMILJIEMEHTAPHBIM BBIXOAHOM KacKal € AMOIOM
Bekcanganma obecrmeuynBaeT TOYTH TO JK€ caMoe 3HAUYeHHWE CYMMapHOTO
koabduLIenTa HeIMHEHHBIX McKaxkenuil B BY o6/1acTy, 4To ¥ TOIIOIOrHMs KacKaga Ha
AMUTTEPHBIX TOBTOPUTEJSIX, YTO SBJSETCS [OKAa3aTeJIbCTBOM YTBEPIKIEHUS,
npuBezeHHoro Ha crp. 119 kuury, uro qobaBIeHKe B cxeMy a1oAa Bekcangaiia caMbiM
JeliCTBEHHbIM 00pasoM IIpeBpallaeT OOBIYHBIA KBasH-KOMILIEMEHTapHbII KacKal,
XapaKTePHU3YIONINICS SBHO BBIPA)KEHHON acCIMMeTpHel NCKakKeHNH Iepexo/ia CUTHaIa
4yepe3 HyJIEBOI YPOBEHb, B JIOCTATOYHO TIPUEMIIEMOE TIOIPAsKAHNE KOMILIEMEHTAPHOMY
KacKa/ly Ha SMHUTTEPHBIX MOBTOPUTENSAX. CaMblii HAUMEHBIUN YyPOBEHb CyMMapPHBIX
HeJIMHeNHbIX ucKaxkenunii B BU objiactu XapakrepeH [ BBIXOHOIO KacKaja Ha Iape,
OXBAYeHHOI KOMILIeMEHTapHOi o0paTHO cBsAsbio, CFP; 910 006CTOATENbCTBO HE
MOKET OBITh CBSI3aHO € HEJMHEHHOCTHIO B 00JacTU GOJIBIIIOTO CHUTHAJA, TaK Kak
BJIMSTHYE 3TOTO (haKTOpa HE3HAUMTEJIBHO IIPU UCTI0JIb30BaHNU HArpy3ku 8 OM /17151 BceX
TPeX MPUBENECHHBIX TUIIOB BBIXOAHBIX KACKAJOB, ¥ TIOATOMY TTPOUCXOJIAIIEE JTOJIKHO
ObITh 00s13aHO IPOUBBEINEHNIO (Pe3yJIbTaTy B3aMMOJEHCTBUS) TaPMOHUK BBICOKUX
TTOPSIZIKOB NCKAKEHUH TIepPexo/la CUTHAJ Yepe3 HyJIeBOH YPOBEHb.

[IpuBezseHHbIE B JAHHOW KHUTE KOJTMYECTBEHHbBIC 3HAUEHUS BEJTMUYNHBI NCKAKEHUT,
KaK IIPaBIJIO, TOPA30 HUKE, YeM IIPUBOIAIINECS OObIYHO. ABTOPY KHUIM XOTEJIOCH Obl
0c060 TIOMYEPKHYTh, YTO OHU BOBCE HE SIBISIOTCS KAKUMHU-TO HEOOBIYHBIME WLJIU
HEBOCITPOU3BOUMBIMH YNCJIAMU; OHU SIBJISIIOTCS PE3YJIbTATOM CAaMOTO BHUMATETHHOTO
OTHOIIEHUsI KO BCeM 0e3 MCKJIIOYEHHS OCHOBHBIM HMCTOYHUKAM WCKaKEeHWil, a He
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Tabnunua 5.6. Vtorosbie sHaueHus, xapakTepuayiowme pabouyio Xapak-
TEPUCTHKY YCUIMTENS C 3OMKHYTOM Liemnbio 0BPATHON CBA3M

1 kg 10 xIg
OMUTTEPHBII 0,0019% 0,0013%
nosroputesb, EF
[Tapa ¢ koMILIeMeHTapHOI
OC, CFP 0,0008% 0,005%
KBHBl’['KO[UleMeH'l'apHﬂﬂ
cxema baxcrpeiina 0,0015% 0,015%

TOJIBKO K OJHOMY WJM JABYM. ABTOP KHUTM BO BpeMsd ee HallMCaHWUS CaMOJINYHO
u3rotoBua 12 Mojenelr BepcUM  YCUJHTENS C  KAcKaJIOM, OXBauye€HHBIM
KOMILIeMeHTapHOl ob6partHoil c¢Bsizbio, CFP, Bce WX XapaKTEPUCTUKU B XOj€
AKCIIEPUMEHTUPOBAHNS UBMEHSINCH HE3HAUNTENHHO.

VickakeHys IIPY BBEAEHUU DPEKUMa 3aMKHYTON Leln 0OpaTHOM CBS3U HAMHOTLO
6oJIBIIIEe TIO0 CPABHEHHUIO C TEMH, KOTOPBIE BO3HUKAIOT MPHU PaboTe TONBKO OHOTO
MaJIOCUTHAJIILHOTO KaCKa/Ia; OJTHAKO, €CJIM BXO[HAS MTapa TJI0X0 CIIPOEKTUPOBaHa, ee BY
HCKayKeHUsI MOTYT JIETKO MTPEBBICUTD T€, KOTOPBIE BBI3BAHBI PAOOTON BHIXOHOTO KACKA/IA.

Vcmomp3yeMbiii Hamu KOGhGUIIMEHT YCUTEHUS 1€ OOPATHON CBSI3U SIBJISIETCS
MUHUMYM 70-KpaTHBIM Ha Beeli moJioce mporyckanust (Gy/yuun 3Ha9UTeIbHO GOJIbIIE B
HY obmacti), 1 Bce BBIXOAHbBIE KACKa/bl, HCCJEIOBAHHbIE BbIIIE, 0 OOJIBIIEH YacTu
C1rocoOHBl  06eCIeunTh B PEKUME PA3OMKHYTON IIeNU 3HAYeHHe CYMMapHOIo
KoaddunrenTa HeTMHEWHBIX UCKaskennii menee, yem 0,1 %. [Ipencrasisiercs, 4To ux
KOMOUHAIMA MOIJIa Obl 0OECIIEYNTh B PEKUME 3aMKHYTOH IEIIM CeMUAECATUKPATHOE
yJIydlleHre rokasaresieii HeauHeiitnocty, T.e. Huke 0,001 % B auanasone yacror ot 10
I't 1o 20 xI11. DTOT CYACTIMBBIN Pe3yJIbTaT, K COKAJIECHUIO, HE TOCTUTAETCS, U HAM B
JeWCTBUTEJNBHOCTH Ba’kHEe YCTAHOBUTH IPUUYMHBI, MIOYEMY TaKoe BCe JKe He
IIPOUCXO/UT...

[Ipexxnme Bcero, Korga yCWJINTENb € 3aBUCUMBIM OT YacTOTBI KoadduimenTom
YCUJICHUST OTPUIATEIBHON 06paTHOW CBA3W TEHEPUPYET WCKAKEHUSA,  €ro
(akTHUECKUM yMEHbBIIEHUEM SIBJSETCS He TO 3HAaUYeHWe, KOTOPOe CBSI3aHO C
koa(punmernToM ycuienuss orpunarenpbnoii OC B obsactun pyHIaMeHTaIbHON
YaCTOTHI, & Ta BEJIMIMHA, KOTOPAs OKa3bIBaeTCs (PAaKTUIECKH JTOCTUKUMOM HA 4acTOTe
paccmarpuBaeMoil rapMoHUKUA. CTaHJAPTHBIN yCUJIUTENb, UMEIONINNA CHUXEHUE
Kkoa(pduIMeHTa yculeHnsl B peskuMe pasoMkHyToii mernu (o\l gain) B 6 1b/okTaBy,
Oyzmer BABOe MeHee 3(DGEKTUBHBIM TIPU YMEHBIIEHUUM MCKAKEHUU YeTBEPTOU
FapMOHUKH, YeM, eCJIU ObI 3TO OBIJIO IPU YMEHBIIEHUH UCKAKEHWI BTOPOI FapMOHUKH.
LSN (MamocuTHATBHBIN IITYM -?) TIPEICTABIISET, B OCHOBHOM, TPETHIO (MJIH, BO3MOXKHO)
BTOPYIO TapMOHUKY, U moatomy orputareibias OC Gyaer Bo3zieiicTBOBaTh HA HUX
BecbMa addextuBro. OaHako, Kak IPU UCKAKEHUAX Ilepexojla CUrHajla uepes
HYJIEBOM YpPOBEHb, TaK W TPW MCKAKEHUSX, BO3HUKAIOINX IPU TMEPEKII0YCHUN
(OJTyTPOBOIHUKOBLIX TMPUGOPOB), TEHEPUPYIOTCS TAPMOHWKH BBICOKUX TMOPSI/IKOB,
MpUYEM UX MOPSIOK MOKET OKa3aThCS BeCbMa CYIIECTBEHHBIM, BILJIOTH, MO KpaiiHEN
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AUDIO PRECISION THD THD*N(%) vs FREQ(Hz) 22 JAN 98 20:47:47
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Puc. 5.51. Ycunutens Ha nape, oxBaueHHOM KOMMIEMEHTAPHOM
obpartHoit ceasbio, CFP, B pexume samkHyToM uenu. YcraHoeka Toka B
pabouei Touke BAX ans pexuma pabotsl B knacce AB obecneumsaer
Gonee BbLICOKOE 3HAYEHWE CYMMAPHOrO KOI(GPMUUEHTA HENMHEMHbIX
uckaxernd B BY obnactu no cpasHenuio ¢ pexmumamu paborbl
yennutens B Knaccax A unu B

Mepe, [0 AEBSITHAANATOTO MOPSIAKA;, HAa HUX BJUSHHUE TPOIECcca JUHEAPU3AIUn
3HAUNTETHHO MeHbIe. Ecin  yHmaMeHTaTbHAS YACTOTA CMENAETCS BBEPX, YACTOTHI
rapMOHUK CMEIIAIOTCS TAKIKE B CTOPOHY YBEJUUEHUST YACTOTHI, U IPEUMYIIECTBO OyeT
JOCTUTHYTO OT HCIOJIb30BaHUs Oosiee ciaaboil oOpaTHON CBs3H. IDTO SABJISETCS
OCHOBHOH NpUYMHON 1 AudPepeHIMPOBaHHOIO MOAX0Aa K aHAIMU3y OOJBIIOrO
YICJIa PA3HOCTHBIX XaPaKTEePUCTUK; TAPMOHUKAM 00JIee BBICOKUX MOPSIIKOB IIPUIAETCS
ocoboe 3HaYeHne IPU CKOPOCTH cliaza B 6 15 /okTaBy.

3/ech IPUBOAMTCS PEAJbHBINA TIPUMEP HEBO3MOKHOCTH OTPHIIATEIbHOM 00paTHON
CBSI3U <BBLIEYUTb> BCE BO3MOXKHbIE OOJstuKK ycuiuressd. drobbl ymeHbiinTh BY
HCKa)KeHMsI, HaM HeoOXOAMMO YMEHBIIUTh OTKJOHEHUsT KO3 (UIIMEHTa YCUIEHUS B
TOYKE KpPOoccoBepa (TOYKe MEPEXO[a CUTHAJMA 4Yepe3 HYJIEBOW YPOBEHB) BBIXOIHOTO
KacKaza JIo TOro, Kak OyJeT 3aMKHyTa Iiellb 00paTHOIl cBsA3u. IlpencraBisercs, yTo He
CYIIIECTBYET PEATHHBIX U OYEBUIHBIX BO3MOKHOCTEN BBITIOJHUTD 3TO MUHUMATbHBIMU
U3MEHEHUsMH B JI000M 13 OOBIYHBIX BBIXOAHBIX KACKAZOB; MBI MOJKEM TOJBKO
ONTUMU3HMPOBATh BEJUUUHY ToKa B paboueil Touke BAX.

Kax ykasbiBan aBrop kuuru Ha ctp. 33, ycuaurtenb Knacca AB ne mpexacrasiisiet
co00ii JIy4IIii BApHAHT, TaK IPU €ro paboTe BO3HUKAIOT G0Jiee BHICOKHE MCKAMKEHIS
1o cpaBHeHuto ¢ ycunuteaeM Kiacca B, (TouHee O6bLI0 GBI CKa3aTh, 4TO CKOPEE, JakKe
BeCcbMa CYIECTBEHHBIE), TTOITOMY €r0 TpUMeHEeHHe He MOKeT aTh CYIIeCTBEHHON
BbITOIbI. Ha puc. 5.51 9T0 BUAHO OY€Hb OTYETIMBO VIS CJAyYask C 3aMKHYTOH IETHI0
OC; y ycunurenss Knacca AB oueBumno camble mioxue xapakrtepuctuku. (Kak u
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patee, [t TOKa B paboueil Touke yeuiurens: Kinacca AB ObL10 3a1aHO COOTHOIIEHKE
50:50 M/c u3-3a yBOEHUsI 3HAYEHUST KPYTU3HBI gM HA PABHOCTHOU XapaKTEPUCTHUKE. )
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5.6. 3aknioyeHue

1. Caenyer usberatb NpUMeHEHNsI B OKOHEUHBIX Kackagax ¥ M3Y pesxuMoB KJjac-
ca AB, TOCKOBKY YPOBEHb HETMHEHHBIX NCKAKEHUI B 3TOM CJIydae BBINIE, YeM Iph
KCIIOJIb30BAHUM PEKUMOB KJiacca A nim B.

2. MomrHble MOJEBble TPAH3UCTOPHI B OKOHEYHBIX KACKA/[aX MO3BOJIIIOT U306exkaTh
HEKOTOPBIX TPOOIEM, TPUCYTIUX OUTOTSIPHBIM TPAH3UCTOPAM, HO TPU 9TOM YXYIIAET-
€5 IMHEIHOCTD U CYIECTBEHHO IOBBIIIAETCS CTOMMOCTD YCUJIUTEJIA.

3. YpoBeHb HETUHENHBIX NCKAKEHUN Ha BBIXO/E «OE3YMPETHOTO YCUIUTENST> TTPU
pabote Ha HArpy3Ky conporuBieHreM 8 OM B OCHOBHOM OTIPEETSIETCST TIEPEXOHBIMU
VCKKEHUSIMH THIIA <«CTYIMEHbKa» W WHEPIMOHHOCTHIO TEPEKJIOUEHHST BBIXOTHBIX
TPAH3UCTOPOB HA BBICOKMX YacToTaX. [Ipy yMeHbIIeHNN CONTPOTUBJICHNS HATPY3KH /10
4 OM 1 HUKe BO3PACTaeT aMILIUTYA TPEThEN rapMOHUKH, 00YCIOBIEHHOM AeiicTBIEM
HCKKeHWH OOJIBITOTO CUTHAMA, BO3HUKAEMBIX M3-32 CHIDKEHNUST KoadbuimenTa mepe-
Jlaun ToKa 6a3bl PU YBEJTNYEHUH TOKA BBIXOJHBIX TPAH3UCTOPOB.



FnaBa 6. BbixogHOM Kackap, Il

6.1. UckaxxeHuns N2 4: uckaxkeHus1, Bbi3BaHHbIe Harpy3Kom Kackaga
ycMnuTens Hanps)xeHus

HOZI NCKaXCHUAMMU, 0603Ha'-IeHHbIMI/I IO TOPAAKOBBIM HOMEPOM 4, IIOHUMAIOTCA
TaKKe MCKa)KeHUsl, KOTOpbIe 00YCJIOBJIEHbI XapaKTEPOM HarpPy3KH KacKaja yCHIUTeIs!
HAIIPSIKEHMs, T.€. 00yCI0BIEHbI CyTrybo HeJIMHENHBIM XapaKTePOM BXOHOTO [IOJIHOIO
KOMILIIEKCHOTO CONTPOTUBJIeHNS (MMTIelaHca) BRIXOIHOTO Kackama kiaacca B. Jlanras
npobJieMa yske paccMaTprBasiach B IJIaBe 4 ¢ TOYKU 3PeHIs KacKala yCUIIUTEIs Halpsi-
JKEHMI, e OBLIO MOKA3aHo, YTO B CUJY TOTO, YTO KACKaJ[ YCUJIUTEIS] HAIPSKCHIS
npeaHa3dHavdeH A YyCUJIEHU 110 HallPAXKEHNI0, TO €ro KOJIJIEKTOPHOE ITOJTHOE KOM-
MJIEKCHOE COTIPOTHBJIEHWE CTPEMUTCSI UMETh BBICOKOE 3HAUYeHUE. A 3TO JieaeT ero
BeCchbMa YsSI3BUMbBIM CO CTOPOHbBI HEJTMHEWHOM HAIPY3KH, 32 UCKJTIOUEHUEM TeX CJIyYaes,
€CJIU TOJIBKO He UCIOJIb3yeTcs Au60 OybepHbIil KacKa, 100 MHbIe MePhl 3alTHL.

Kackan yeusinresst HampsizKeHWsT B IOBCETHEBHOM TIPAKTHUKe JIMHeapuayeTcs (3aua-
CTyI0 1axe 0e3 0co3Hanus 3Toro (akra) BBeAEHMEM MECTHON OTpULATENbHON oOpar-
HOU CBsA3U mocpeacTBoM dominant-pole kouneHncatopa Musutepa, Cdom, uto siBiistercst
JIOCTAaTOYHO BECOMBIM apryMEHTOM IIPOTHUB MCIIOJIb30OBaHUA €111e KaKI/IX-HI/I6yI[b METO-
JIOB KoMIleHcaluu. Eciii ncKakeHust Kackala yCUJIUTe I s] HAPSKEHUsT TTPOI0JIKAIOT
BHOCHTH 3HAYUTETBHYIO JI0JTI0 B OOIINI YPOBEHD UCKAKEHUIT YCUITUTE]ISI, TO TOT/Ia KO-
(hUIHEHT yCuaeHnsT pa3OMKHYTOH JIOKAJTbHON TETH KacKa/[a YCUJIUTENST HATIPSIKEHMST
MOXeET 6bITb yBeEJIYEH I TOTO, '-IT06BI YCHJINUTD BIMSHNE LEITN JIOKQJIbHON O6paTHOﬁ
CBA3U. I[OCTaTO‘{HO O4YeBUHbIM CHOC06OM ABJIAETCA yBeJIMYEHME TTOJTHOTO KOMITJIEKCHO-
IO KOJIJIEKTOPHOTO CONPOTUBJIEHUS KACKa/la YCUIUTENST HATPSIKEHUS, & CIIeIoBATE b-
HO, ¥ YCUJICHUS 32 CYET UCIIOJIb30BAHMS KAaCKOIHON cxeMbl. OHAKO, €CJIU 3TOT METO.
ucIosb3yercs 6e3 npuMmenenus Oydepa, KacKoi NPaKTUYeCKH He OyAeT OKasblBaTh
HUKaKOTO BJIMSHUS HAa HarpysKy BBIXOJHOTO Kackaja. Vcmosnb3oBanue ke Oydepa
KacKaJia yCUJIMTENIS HallPsKEHUST YCTPaHsAeT JaHHYIo TPoOJIeMy.
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Kax yske 06bsICHATIOCH B TIaBe 4, MOJHOE KOMILIEKCHOE COMPOTUBJIEHUE HA KOJIJIEK-
TOpe KacKajia yCUIIUTEN s HaPSIKEHNs, OCTaBasiCh HA HU3KUX YACTOTaX MO CPAaBHEHWIO
C OCTQJIBHBIMU MOJIAMY JIOCTATOYHO BBICOKMM, HAYMHAET CHUKATBCA C YBEJIMUECHUEM
YacTOTHI TI0 MEPE TOTO, Kak Bee bobiie nposisisiercst ausane Cdom. TTo aToit mpuyn-
HE UCKaKEHUsT HOMeP 4 0OBIYHO MOTYT HaOMI0IaThCs HA HU3KUX dacToTaxX. [[oMUMO
ATOT0, OHU JIOCTATOYHO YACTO MACKUPYIOTCS YBEJIUYEHUEM B BBIXOJHOM KACKaJle MCKa-
KeHwuit cBoite dominant-pole vactorst P1 mo Mepe TOTo, Kak yMeHbITaeTest 061Iast OTpi-
1aTejbHas obpaTHast CBS3b.

XapakTrep CHUKEHUS TIOJTHOTO KOMIITIEKCHOTO COITPOTHBIIEHUS KAacKa/la yYCUIUTEs
HAIPSKEHUS ¢ YBeJMYeHNeM YacTOThI TIpUBeieH Ha puc. 6.1, 3aBUCUMOCTD MTOJIydeHa
¢ ucrosibzoBanueM abcrpakTHoil Moxenu Cnaiica (Spice) B rimase 4, A1 KOTOPOI
WCIOJIb30BAHBI PEATThHO TPUMEHIeMble Ha TIPAKTHKE 3HAYeHMS TapaMeTpoB. OCHOBHOM
BKJIQ]] B 3HaYeHUEe KOJJIEKTOPHOTO COMPOTUBJIEHUST KACKAIA YCUINUTES HATIPSIKEH S
naer HY mostHOe KOMIIZIEKCHOE COTIPOTUBIIEHNE, HO OHO YMEHbBIITAETCS HATIOJIOBUHY C
KasK/JI0i OKTABOM TTOCIe AOCTIKEeHNS 3HaueHns yacToTel P1. [Ipu noctuzkennn snave-
HUS 9acTOTH! 3 KI'I[ TTOTHOE KOMIIJIEKCHOE COTIPOTUBJIEHNE CHUKAETCS /10 BEJTMYUHBI 1
KOM, TPOJI0JIKAsT CHIZKATHCS ¢ YBETMUEHUEM YacTOThL. TeM He MeHee, OHO 0OBIYHO 0CTa-
€TCsI OCTATOYHO BHICOKUM OTHOCHUTEIBHO BXOIHOTO MOJTHOTO KOMILJIEKCHOTO COITPOTUB-
JICHUSI BBIXOJTHOTO KacKaJla YCUIUTENIs Kracca B, 4ToObl BHECTH 3aMETHbIE MCKaKEHIIS
B JIMHEHHOCTH; peabHOE BAUSHHUE TPOJEMOHCTPUPOBAHO Ha puc. 6.2.

DOMSIM5.CIR Conceptual transconductance-VAS stage. 18/1/93

Date/Time run: 10/10/93 Temperature: 25,0
100 kOm 100 B
10kOm 10 B+
1kOm 1,0B +
100 Om 100 MB
100m 10 MB ; ; ;
10 Iy 100 Iy, 1,0 kg 10 Ky 100 Iy,

Puc. 6.1. Uckaxenus N24: nonHoe komnnekcHoe KonnekTopHoe conpo-
TMBNEHWE KOCKARA YCUAUTENS HANPSXKEHUS CHUXAETCS C yBENMYEHUEM
yactoTbl Ha BenuumnHy 6 ab/okrasy




6.1. UCKAXKEHMS Ne 4 [1g7]

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz) 20 MAY 93 18:33:02
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Puc. 6.2. Mposienenue enustHms uckaxennin N24: HUXHSS KpuBaS Noka-
3bIBET BAMSHUE BydepHOro KACKAAA YCHAMTENS HANPSXEHHs

OUTEF2C.CIR: EF O/P, MPSA42/92, MJ802/4502. 18/6/93

Date/Time run: 10/19/93 20:47:31 Temperature: 25,0
100 kKOm
80 kOMm
60 kOMm
40 kOm
20 kOm N
\ Harpyska
80m
Harpyska
. ~~ 4 Om
0 T T T T T
-60 B -40B -20B 0B 208 408B 60B

Puc. 6.3. Uckaxenns N24 1 ux oCHOBHAS NPUYMHA: HEMHEHHOE BXOA-
HOE MOJIHOE KOMMNEKCHOE COMPOTUBNEHWE SMMTTEPHOrO MOBTOPUTENS
sbixogHoro kackapa Knacca B
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B rimaBe 4 GbL10 [I0Ka3aHO, YTO B IPOTUBOBEC KACKOANPOBAHUIO 9(D(PEKTUBHBIM CPel-
CTBOM YJIyUIIEHUsT IMTHEHHOCTH KacKala yCUJIUTE ST HATIPSKEHUST sIBJIsIeTCst JoOaBJie-
HUE SMUTTEPHOTO TOBTOPUTENSI B KOHTYPE JIOKAJIBbHOUW OOpaTHOW CBSI3M KacKaja
YCUJIUTEJIST HATIPSKEHIST, YBEJINYUBAIOIIETO KO9(hMUIIMEHT YCUIEHHsT OTPHUIIATETbHON
00paTHOII CBS3M 3a cueT yBeanueHust 3(hPeKTUBHOTO 3HAYEHUsST GeTa M0 CPABHEHUTO €
BEJIMYMHON KOJJIEKTOPHOTO ITOJTHOTO KOMILJIEKCHOTO conpoTuenus. Hapsmy ¢ noctu-
JKEHUEM XOPOIIeH TMHEIHOCTH XapaKTePUCTUKHU KacKa/la yCUIUTENST HAPSIKEHUST, 9TO
[IO3BOJISIET TIOJIYYNUTh 3HAYUTENBHO MeHbIIIee 3HAUEH e KOJIEKTOPHOTO OJIHOTO KOM-
TIJIEKCHOTO COMPOTHBJIEHUS B [IMaNla30He aKyCTUYECKUX YacTOT, a TAK)Ke 3HAUUTEJIbHO
YBEJIMUMBAET COMPOTUBJISAEMOCTD BIANSHUIO UCKAKEHUNT HOMEP 4 10 CPpaBHEHUIO C
HCTIOTB30BAHUEM KaCKOHOTO MeTO/Ia. B aToM cirydae oTmajaet He0OX0AMMOCTh UCTIONb-
30BaHmst 6y(hepHOTO KaCKa/[a YCHITUTEST HATIPSIKEHNST, CJIEI0OBATETHHO, B 9TOM METOJIE
UCIIOJIb3YEeTCs MeHbIllee KOJNYECTBO 2JIeMEHTOB. EMHCTBEHHbII HEJIOCTATOK 3aK/II09a-
€TCsI B BO3POCHIEH CKIOHHOCTH K TMapasUTHBIM OCIIUJLISIIUSAM B 00JIaCTH OTPUIATEIb-
HOTO cpe3a IPU MCII0Jb30BAHUN B BBIXOJHOM KacKajle KOMIJIeMeHTapHO! (mapHOn
JonoHsoeit) oopartoit cessu (CFP).

3aBUCUMOCTH Ha puc. 6.3 TOATBEPKAAIOT, YTO BXOTHOE TIOJTHOE KOMIITIEKCHOE COIPO-
TUBJIEHUE OOBIYHOTO BBIXOAHOTO KACKajla Ha SMUTTEPHOM TTOBTOpUTENE THMa 1 sBJser-
csI KpaliHe HeJTMHENWHBIM; pacuyeTHble KPUBbBIE TIOJYYEHBI METOOM MOJETUPOBAHUS,
WMEIONUM OIITUMAJTbHOE 3HAUEHUEe Iq (Toxa B paboueii Touke BAX) paboTbl BBIXOAHO-
ro kackaja Spice. Jlaske mpu HCTIOTL30BAHUN OUEHDb HETPEOOBATETBHOI HATPY3KY BEJTH-
ypnoit 8 OM 110JIHOE KOMILJIEKCHOE COTIPOTUBIIeHNe u3MensieTcst B orHoieruun 10:1 mpu
MIOJTHOM Pa3Maxe aMILTHTY /bl BBIXOJIHOTO HATIPSIKEHUS. Y BBIXOIHOTO KACKa/[a Ha OMUT-
TepHOM TToBTOpHUTese TN 1 (MCImoMb3yIoIero COBMECTHOE YIPABJSIONIEe IMUTTEPHOE
COIpOTHBIIEHNE) UMeeTCst Ooibliiee Ha 50% MMOHOE KOMILJIEKCHOE COTIPOTUBJIEHUE B
TOUKE Mepexojia yepes HyJieBoe 3HaueHue (TOUKe U3MEHEHUs MOJSIPHOCTYH CUTHATA,
TOYKE KPOCCOBEPA), OJTHAKO, [UANA30H U3MEHEHUsI BEJIMUMH JIOCTUTAET elife GOJIBIIETO
3HaYeHUs. B BBIXOAHBIX KAcKa/aX ¢ KOMIJIEMEAHTApHOU (TIapHOU JIOTOJTHSIONIEH )
06paTHoii ca3bio, CFP, Habiogaercs enie 6oJiee CI0KHBIN XapaKTep U3MEeHEeHUst, KOTO-
PBIIl BKJIIOUAET Pe3KOE CHIKEHME JI0 3HAUeHMs, MeHbIiero, ueM 20 kOM B TOUKe repexo-
Jla uepe3 HyJIeBoe 3HaueHMe (KpoccoBepa). Bo Beex ciydasx HerocTaTouHOe CMeIeHne
MIPUBOUT K JOTIOJHUTETBHBIM PE3KUM H3MEHEHISIM TI0JIHOTO KOMILTIEKCHOTO COITPOTHB-
JIEHVIS B TOUKE TIepexojia yepes HyJIeBoe 3HaueHme (KpoccoBepa).

6.2. UckaxkeHns Ne 5: nckaxxeHns pasea3biBatoLmx (31eMeHTOB)
WWH (NUTaHns)

HpaKTI/I‘IeCKI/I BO BCeX yCI/IJII/ITGJIHX B pa3HOM BU/l€ MIWMHDBI TIUTAHUA UMECIOT paSB}ISbIBaIO-
e 3JIEMEHTDI, paCHOJIO)KeHHbIe OTACJIbHO OT HAKOIITUTEJIbHbIX KOH}IGHCaTOpOB ceTu
[UTAHK; OHU OOBIYHO HEOOXOAMMBIL, YTOObI FAPAaHTUPOBATH CTAOUILHOCTD 110 BHICOKON
yacrore. CTaHZapTHBIE MEPbI 110 Pa3BA3KE BKJIIOYAIOT UCIIOIb30BAHKE OT HEOOIBIIIX /10
CPEJTHUX 10 BEJTMUUHE EMKOCTH AJIEKTPOJIUTUIECKUX KOH/IeHCaTOPOB (Harpumep, ot 10
10 470 Mr D), IOAKIIOUEHHBIX MESK/TY KasKI0W U3 [IIMH U 3eMJIeit, OJIHAKO, HEU30EKHBIM
MTOCJIEJICTBUEM ITOTO SIBJISIETCS TO, YTO U3MEHEHNe HaNPsLKeHWsT Ha IMUHAX TUTaHWUs
BbI3BIBAET IPOTEKAHNE TOKA B TOUKY, H30PaHHYIO B KQUeCTBE 3a3eMJIEHI. DTOT CIIOCO0
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SBJISIETCST UMEHHO TeM, KOTODBIH ompesiesisgeT KoahGUITNEHT MOoJaBIeHU UCTOUHNKA
nutanug yewsmress (PSRR), Ho on Takske siByisercs TeM (HDakTOPOM, KOTOPBIH MOKET
CEepbe3HO HAPYIIUTD JINHEIHOCTB.

ITpu uCmoIb30BaHUN HECTAOUIM3UPOBAHHOTO HCTOUHUKA TUTAHUST (Kak Oy/IeT TToKa-
3ano nanee B [yaBe 8, /171 UCHOJIB30BAHUS UMEHHO TAKOTO MCTOYHIKA [TUTAHUS CYIIle-
CTBYyeT TOYTH OEe3TPaHUYHBII pPsii TPUUYMH), BKJIOYAIONIETO B CBOH COCTaB
TpaHchopMaTOp, MOCTOBOH BBITTPSIMUTENb U HAKOTIUTEIbHBIE KOH/ICHCATOPDI, /IS TITNH
MTUTAHUS TAKOTO MCTOYHIKA XaPAKTEPHO He PaBHOE HYJIIO TOJTHOE KOMILJIEKCHOE COIIPO-
THUBJIEHUE 10 TEPEMEHHOI COCTABJISIONIEH, TIPU 9TOM U3MEHEHUS B HAIIPSKEHUN Oy YT
006sI3aHBI CBOMM TIPOUCXOMKIACHUEM TOKAM HATPY3KHU B YCUIIUTEJISAX, 2 TAKKe HATPSAKE-
Huto mysbcanuii ¢ vacroroit 100 I B yeummrensx knacca B ¢popma TokoB, nmporekaro-
MUX 110 [IUHAM [UTAHUS, [PENCTABJSET OIHOIOJIYIEPUOAHOE BbIIPIMIEHHOE
CUHYCOW/IAJTbHOE HAIPsDKEHWe, XapaKTepuayloleecs IMOBBIIIEHHBIM COIEepPKaHNeM
BBICIIIUX TAPMOHUK, KOTOPBIE IIPH MOTIA/[AHUN B CUTHAJI BHOCAT 3HAYMTEJbHBIE HCKaKe-
Hist. OBBIYHBIM CITOCOOOM B3AaMMOJIEHCTBUSA SABJISIETCST UCTIOIb30BAHNE Pa3BsI3bIBAIONIEIT
3eMJIF, COBMECTHON JIJIsT BXOJHOM eI U Tienu 0OpaTHOM CBsI3HU, a MCIOJb30BAHUE
OT/IETIBHOI PA3BSI3KU TI0 3eMJie OOBITHO 0OECTIeYnBAET OKOHYATEIbHOE PEIIEHUE TIPO-
6s1embr. JlaHoMY (hakTy OueHb JIETKO He TIPUAATE TOJKHOTO 3HAYEHHS, & TIOTIBITKH YJIyd-
ITUTh JIMHEWHOCTh YCUJIMTENS, COCPENOTOYMBININChL HAa BXOAHON TIape, Kackaje
YCUJIUTEJIsT HATIPSIKEHUS U T.11., MOTYT OKa3aThCst 0OPEUEHHBIME Ha TIETHOCTH 10 TEX
Op, TIOKa MEXaHU3M 9TUX UCKaKeHWI peskie He OyeT ycTpaHeH. B kadecTse mpocto-
ro u 06s3aTeqBHOTO TIPaBUIa HEOOXOIUMO UCIIONB30BATh PA3BI3BIBAIOILYIO 3€MJIIO
OTJIEJTBHO OT OOIIEH TOUKH PasBETBICHHUSI IIeTel 3a3eMIIeHNsI, KaK [T0Ka3aHO Ha puc. 6.4.
(Cuemyer obparuTh 0c0OO0€ BHUMAaHIE 4TO 001I[ast TOUKA Pa3BEeTBIECHIS 3eMJI A BbIOpa-
Ha Ha KOPOTKOH OTHaiKe OT MaCCHBHOTO TIPOBOIHNKA, COEIMHSIONIETO HAKOTIUTETbHbIE
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Puc. 6.4. Nckaxenus N25: koppekTHbIM MeToa noaBeaeH s pa3Bs3bl-
BAIOLLErO 3a3eMNeHMs K 0bLLeM TouKe Pa3BEeTBIEHMS Lener 3a3emneHms




[190] TJIABA 6. BbIXOAHOW KACKAA Ii

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ 20 MAY 93 19:09:10

HenpasunbHo
0,1

.

0,010

,/

0,001
[MpaBunbHO
0,0005

20Ty, 100 Iy, 1Ky 10 KMy 50 KTy,

Puc. 6.5. MNposenenne nckaxenuit N2 5: BepxHsia KpMBAs HA YOCTOTHOM
30BUCUMOCTM MOMYYEHA NPOCTbIM NEPEKNIOYEHUEM TOUYKM PA3BS3bIBAIO-
WweM 3eMnu oT obLLei TOUKM PA3BETBNEHHS 303EMNSIOLUMX KOHTYPOB K
KOHTYpY 303eMIEeHHs NO BXOAY

KOHJIEHCATOPBI; TIOMBITKA HCII0JIB30BaTh TOUKY B B KauecTBe 00111l TOUKY PasBETBJIEHSI
1ernei 3a3emMeHust Gy/IeT TIPUBOUTH K AOMOTHUTETbHBIM MYJThCAITUAM M3-32 HOJIBIIHIX
10 BEJIMYMHE UMITYJIbCHBIX TOKOB 3apsi/ia HAKOITUTETHhHBIX KOHAEHCATOPOB, MPOTEKAT0-
KX [0 9TOI TOUKE.)

Ha prc. 6.5 mpogeMoHCTPUPOBAHO BAMSHIE 9TOTO a(heKTa Ha COBEPIIEHHBIN BO BCEX
otHoteHusx ycusuresb Blameless (60 Br, 8 Om), uMeroriuii pa3Bsi3bIBAONINI KOH/ICH-
caTop MIMHBI TUTaHus eMKOCThIo 220 MkM; Ha yactoTe 1 K[ ypoBeHD UCKAKEHWI BO3-
pacraet 6oJiee uem B 10 pas, pe3ysibTat, KOTOPbIil CIIeLy€eT MPU3HATH O0JIee, YEM TLIOXUM.
Opmnako wa yacrote 20 't cymmapHbIil KoahhUIMeHT HeMHEHBIX NCKaYKEHWH BO3POC
CTOKPATHO, TIPEBPATUB OYE€Hb XOPOTIUI YCUIUTENb B KpalfHe MTOCPEJICTBEHHBIIH 3a cUeT
BCETO JIUIIb OJIHOTO HEBEPHO BBIIIOJHEHHOTO COEMHEHUSI.

[Tpu uccnenoBannu HOPMbI CUTHAJIA HA TITHE TATAHKUS 0OIYHO OYIeT HabMI0AaThCs
myJbcupyronuii curaai ¢ wactotoit 100 Ty, aMIminTyna KOToporo OyIeT MPEBbIIaTh
aMIUIATY/y CUTHAJIA YCUIUTENS Kiracca B, moaToMy 4acTh MCKasKeHMi Ha BepXHeil KpH-
BOIT Oy/IEeT Ha CaMOM JIeJie OTIPEIETISIThCS My IbcarisiMu, Ha 9Ty MBICJIb HABOJUT ITPOBAJ
nayacrore 100 [, koraa mysibcary 4aCTUYHO HEHTPATU3YIOT CUTHAI BO BPEMSI ITPOBE-
nenns uamepennii. Huske gactotsr 100 I'm kpuBast omsITh Bo3pacTaeT IO Mepe TOTo, Kak
6OJIBINAS 110 BeJIMYMHE HATPY3Ka IPUKJIAIBIBAETCS] K HAKOIIMTEILHBIM KOHIEHCATOPAM,
HaIpsKeHe CUTHANA Ha TITIHE YBEJTMYNBACTCS, ¥ TOK ¢ GoJiee BHICOKUM YPOBHEM HCKa-
JKEHUH MOTa[aeT B KOHTYP 3a3€¢MJI€HNUS.

Ha puc. 6.6 1eMOHCTPUPYIOTCST THITMYHBIE OCTATOYHBIE UCKASKEHUST HOMED O, TIOJTY-
YeHHBIE ITPU CO3HATEJILHOM TIOJIKIIOUEHNN Pa3BA3bIBAIOIIETO KOH/IEHCATOPA OTPHIIA-
TEJbHOU IIMHBl MUTAHUS K BXOJHOU 3eMJie BMECTO MPABUJIBHOTO BBIIOJIHEHUS
COEIIMHEHUST €ro COOCTBEHHOTO 0OPATHOIO MPOBO/A K JabHEN TOUKE PasBETBJIECHIS
3azemJsioniero Koutypa. CyMmapHbiil KoadhGuImeHT HeJlnHeHHBIX NCKaKEHU I BO3POC
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Puc. 6.6. OcratouHbie nckaxenmns N5

¢ 0,00097 % 1o 0,008 %, ocHOBHOI BKJIaJ B KOTOPBIE [ajia BTOpas rapMoHuKa. M ckaxke-
HUST HOMED 5 JIETKO UIeHTU(DUIUPOBATH, TAK KAK OHU XaPAKTEPU3YIOTCSI ITYIbCAIIUSIMU
BTOPOIl rapMOHWKHY Hampsikenus nutanus (umeroniumu yactoty 100 I'm). Mcekaxkenns
ke HoMep 6 1 HoMep 7 He ITPOSBJISAIOTCS B BUJIE IOMTOJHUTEIbHBIX ITyIbCAllU. Y Xy/IIe-
HUE XapaKTEPUCTUKH 3a CUET IyJIbCAIlUI B TAHHOM CJIydae — jiBa Topba Ha HUKHEH Kpu-
BOI — IOCTATOYHO 3HAUYUTEJIBHOE U JIACT CYIECTBEHHDBIN BKJIA/[ B BEJIMYMHY CYyMMapHOTO
K02 uUIMeHTa HeTUHEWHBIX NCKAKEHUI.

B kayecTBe OCHOBHOTO IIPAaBUJIa MOSKHO CYUTATD, UYTO €CITM B YCUITUTENE YIATIOCh OCBO-
6GOAUTHCS OT IyJIbcaliuil B pexkuMe Bo3Oyskaenus (drive conditions), KOTOpbIe BBISIBJIS-
IOTCA C WCMOJH30BAHUEM YACTOTHOHM 3aBUCHUMOCTH CYMMapHOTO Ko3adhduiinmenta
HeJIMHEMHBIX MCKAKEHUH, Ha KOTOPOI Ha OCTaTOYHON KPUBOI OTCYTCTBYIOT 3J1€MEHTBI
IYJIBCAIMM, TO 3TO 3HAYKT, YTO OYAYT OTCYTCTBOBATh MCKAKEHUsI, BHOCUMbIE IIHHAMU
MTUTAHUSI, & 3HAUUT, COBEPIIEHHO OTCYTCTBYET HEOOXOUMOCTD UCTIOJIB30BATH CJIOKHBIE
1 HeahheKTUBHBIE MOTIHbIE CTAGUIN3ATOPBI TUTAHNUSI.

CpaBHUTEBHO HEJABHO B JIUTEPATYPE BEIACh OOMIMPHAS AUCKYCCHSI OTHOCUTENBHO
HCKaKEHUH, BBI3bIBAEMBIX KOA(DMOUIIMEHTOM M0aBIeHUS UCTOYHUKA TTUTAHUL, CM.,
Harpumep, pabory I'pera Bosa (Greg Ball) [11]. ABTOp cripaBoYHMKa YaCTUYHO COTJIa-
CeH C BBICKA3bIBAaeMOU PSAIOM aBTOPOM TOYKOU 3peHus, B KOTOPOU OHU CYUTAIOT, YTO,
BO3MOJKHO, YCUJIUTETh MOITHOCTH MOXKET UMETh 3HaUeHUe Koa(huiinenTa mogasie-
Hust 25 1B, [esiast eIMHCTBEHHBIM OTBETOM Ha 3TO I€JIbIH HaGOP U3 TOPOTUX BHICOKO-
BOJIBTHBIX cTabuiausatopos. [Tomumo atoro I'per Bosn B camom Hayasie paboThl
MPUHUMAET, YTO YCUTUTEJb MOIITHOCTH UMEET TOYHO TaKhe JKe XapaKTePUCTUKNA KO3(h-
(urnenTta nojaBaeHNa UCTOYHUKA TUTAHUS, YTO U ONEPAITMOHHBINA YCUJIUTEID, T.C.
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Puc. 6.7. Bozpeiictene uckaxennin N2 6. Ha BepxHeit kpueoi aemoH-
CTpMpYeTCs BAMSHWE HABOAOK B LiENsX NPOXOXAEHUS CUTHAND OT LUMHBI
nutauus B yeunutene Knacca B
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Puc. 6.8. Mckaxenus N2 6. Hasopkw B enu otpuuarensHo obpatHoi
CBSI3M, BbI3BAHHBIE TOKOM, MPOXOASLUMM MO OTPULIATENBHOM LUMHE UCTON-
HUKQ NUTAHUS C OBHONONYNEPHUOAHBIM BLINPSIMIIEHUEM, YBENMYUBAIOT CyM-
MapHbIN KO3 PUUMEHT HENMHENHBIX UcKaXeHWH ao Benuumtbl 0,0021 %.
Pesynbrar 64 kpatHoro ycpeaHeHms.
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XapaKTepH3yeTCs OCTOSHHBIM CHUKEHIEM CO CKOPOCTHIO nopsiika 6 1B /okrasy. Omia-
KO COBEPHICHHO HET HUKAKOW HEOOXOAMMOCTH CYUTATD, YTO JIEJI0 0OCTOMT MMEHHO TaK
B pe3yJibTaTe BBejeHnus paspsasbiBaolleii RC-nenu (¢ Manoil IOCTOSAHHON BpeMeHn),
MOMMMO 9TOTO BOJIT B KOHIIE €r0 CTaThy YTBEPIKAAET, 4TO TOPa3mo HoJsee ajeranTHoe
pelLIeHUE <... JOANCHO 3ABUCETND OM 6bICOKO20 3HAUCHUS KOIDPuuuenma nooasienis
UCTOYHUKA NUMAaHUs 6 coO6cmeenno ycuiumene». Boree netanbio ganHas npobsiema
Oyzer obcyKaarbest B riase 8.

6.3. ckaxeHus Ne 6: HaBeieHHble NCKAaXXeHUs

Hasnuue ganHoT0 Bujia HCKasKeHUH, TOYHO TaK Ke, Kak U nckakernuii Homep 5, ripezio-
TipejiesisieTcsl HeloCPe/ICTBEHHO caMOi TPUPOION BBIXOIHOTO Kackasa Kiacca B. Ecan
Ha BXO/le TIPUCYTCTBYET CUTHAJI CUHYCOUIAIbHOM (POPMBI, TO HA BBIXOJIE OJHO3HAYHO
Takke OyJIeT CUTHAJ ¢ XOPOIIel CHHYCOUIAIBHOM (GOPMOI, OJTHAKO, TOKH, IPOTEKA0-
1K€ 0 MIMHAM [TUTAHUST, IMeIOT (hOPMY OIHOTIOTYIEPUOTHOBBITIPSIMIEHHBIX CUHYC-
OMJIAJIbHBIX CUTHAJIOB, KOTOPbIe OYIYT CO3/aBaTh 3a CUYeT WHIAYKIIMH [MapasHTHBIE
CUTHAJIBI B YYBCTBUTEIBHBIX IEIIAX CXEMBI. DTO TPOSIBJISAETCH B 3HAUUTEIbHOM yBEJIU-
YeHNU NCKa)KeHWH, 9TO IEMOHCTPUPYyETCs Ha puc. 6.7.

Curnasbl MOMeX MOTYT WHIYIIUPOBAThCS BO BXOJHBIX IEMsIX, KOHTYpe 00paTHON
CBSI3U U Jlaske KabeJsie, WAYIIEM HA BBIXOHbIE KIEMMbL. Pe3yibTaToM sIBJISIETCSI BO3HU-
KHOBEHHE SIPKO BBIPAKEHHOTO 3y0I[a PasIMaHOTO BIIa Ha PA3HOCTHON (OCTAaTOYHOI, B -
YUCTOM BUJIE) XapPaKTEPUCTUKE MCKAKEHMI U GOJIBIITIE JOMOJHUTENbHbIE D1€MEHThI
WCKakKeHN, KOTOPBIe HApacTaloT CO CKOPOCTHIO 6 15 /0KTaBy ¢ yBeIndeHneM 4acTOTHI.

PasnocTHag xapakTepucTUKa HCKakeHUH HOMep 6 mpuBoauTcd Ha puc. 6.8. [lag
MOJTyYEHVsT IAHHON XapaKTEePUCTUKY TITMHA TIUTAHMS OT UCTOYHWKA HATTPSKEHUS Obia
[IPOJIOJKEHA MapalJIeJIbHO I[ENN OTPHUIIaTeIbHOI 0OpaTHoil ¢Bsi3u. Koaddunuent cym-
MapHBIX HEJIMHEHHBIX NCKAKEHNH YBEINYUIICSA Ooiee, 4eM BIBOE, OCTABAsCH TIPH 9TOM
BCe-Taky J0cTaTouHo Hu3kuM (mocturuys 3Haderus 0,0021 %). Mcnonbp3oBan MeTosn
64-kpatHOoro ycpennenus. Vckaxenus Homep 6 orpenessioTcs Ype3BbIYaiiHoO MPOCTO B
TOM CJTy4ae, eCJIM UMEETCsT BO3MOKHOCTD TIEPEMETIEHUsT Kabeslst UCTOUHUKA TTHTAHST
MTOCTOSTHHOTO TOKA: TIPU U3MEHEHUU TPACCHI €TO MPOKIAIKN BEJTMUNHA TeHEPUPYEMbIX
nomex GyJIeT CyIeCTBEHHO U3MEHSThCS.

[TpostByieHIE TAKOTO THITA HABOIOK ObLIO BIiepBbie oTMeueHo B padbote [eppu (Cher-
ry) [2], koTopast 3aciy:kuBaer 60Jbiilero BHUMaHMsI. B KOHIe KOHI[OB 3G deKT ObLI
MPU3HAH, U B TeYeHIe MHOTUX JIET HEKOTOPOE KOJMUYECTBO TTPAKTHKOB CTAPATUCD n36e-
sKaTh ero nposieienus [3]. Tem He Menee, aBTOP JaHHON KHUTY HA OCHOBE MCCJIEI0BAHUS
6OJIBIIOTO KOJIMYECTBA YCUITUTENEEH MOITHOCTH, UMEIOIIMX PAa3JIMYHYIO CTEIIeHb COBEP-
MIEHCTBA, MOHSJ, YTO AaHHBIH 2(hdeKT, ocTaBasch MPAKTUIECKU HEM3BECTHBIM IS
HIUPOKOTO KpyTa pa3paboTunKOB, ABJISAETCS, CKOPEe BCEro, Harnboiee MUPOKO PacIpo-
CTPAHEHHOU TPUUNHOM JOTIOJHUTETHHBIX NCKAKECHITH.

Bruiaj vckaskeruii Homep 6 MOKeT ObITh YMEHbBIIIEH HIKe TOPOTa U3MEPEHU 3a CUeT
MPUHSTHST 0COOBIX Mep MPHU BHIOOPE MECTa PAaCTIONOKeHNsT Kabesei MUTaHusT OTHOCH-
TEJIbHO CUTHAIBHBIX IIETIEH, a TAKIKE Mep, TPElyCMaTPUBAIOIINX OTCYTCTBHUE TIETEb, CIIO-
COOCTBYIONINX HU3JAYYECHUIO WU TIPUEMY 3JIEKTPOMATHUTHOTO U3Jy4eHUs. ABTOD
HAJICETCsI, UTO OH OBLT OBI B COCTOSTHUN MTPEIJIOKUTH HECKOJIBKO OCTATOUHO IPOCTHIX U
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Puc. 6.9. Uckaxenus N2 6. Mepbl no npotMBoaencTEMIO HOBOAKAM OT
wuH nuTaHms. MeTop, npueeaeHHbIi Ha puc. 6.96 Ha NpakTMke OKa3bi-
Baetcs 6onee 3bPeKTUBHBIM.

TOYHBIX MPABUII, CJIEIYsT KOTOPBIM MIPU TPACCUPOBKE IIUH TIUTAHUS MOXKHO OBLIO Obl
MOJTHOCTHIO M30€KATDH TAHHON TIPOOIEMDI, OTHAKO, ¥ KAXKIOTO YCHITUTEST UMEETCST CBOST
co6CTBEHHAsT CXeMa, YTO HeOOXOAMMO YUUTHIBATH MPU (PU3UUECKOM PACTIONOKEHUH
TOKOIIPOBOJAIIMX IINH [UTanud. TeMm He MeHee, OCHOBHBIE IIPaBUJIa MOXKHO M3JIOKUTD
CITEAYIOIUM 0OPa3OM.

[Tpeske Bcero HEOOXOAUMO 06ECTIEUNBATH CKPYITYJIE3HOE CBEICHNE K MUHUMYMY
IJIOIIA/IM, OXBAThIBAEMOIl TIpu U3THOE MPOBOJHUKAMHU (BUTKAMW) BXOJAHBIX Ileneil
U 1ierneit 06paTHON CBS3H; TIPOKIABIBATE KAsK/YI0 CUTHAIBHYIO TIETh KaK MOJKHO GJIHIKe
K 3a3eMJIstiolieMy 00paTHOMY TIPOBOLY. Bo-BTOPBIX, HEOOXOAMMO MPEXK/E BCErO CBe-
CTH K MUHUMYMY CIOCOOHOCTH TIPOBOJOB IMUTAHWS WU3JIy4aTh MArHUTHBIE MOJIS;
B TPETHUX, OCTABJISITH KaK MOKHO GOJIbITIEe TIPOCTPAHCTBO MEKIY 9TUMU JIBYMST 00J1a-



6.4. UCKAXKEHMSI Ne 7 [195]

craamu. OGBIYHBIA BO3LYIIHBIA TPOMEKYTOK T10 IIEHOBBIM 3aTpaTaM BCET/a IPEBOCX0-
JUT JII000€e dKpaHUPOBAHMUE.

Ha puc. 6.9 1poieMOHCTpUpOBaH IPOCTOM, YTO Ha3bIBaeTCs B 100, c1ocob perienust
Hp06ﬂeMbI. HpOBOﬂa NCTOYHUKA [TUTAaHUA 1 3EMJIN JIA TOTO, IITO6E)I YMEHbIINTD N3JTyde-
HUe, IVIOTHO TIepeKpyYeHbl BMecTe. Ha rpakTrke Takoii METO/| He TIPEJICTABJISIETCS TAKUM
yok 1 9 PEKTUBHBIM 110 TON IIPUYUHE, UTO HE KaKETCS BIIOJIHE OY€BUIHBIM, OIHAKO, DK
STOM BKJIIOYAET B ce0sI O4eBUAHBIE TPOOIEMBL, CBI3aHHBIE ¢ 00ECIIEYEHNEM COBEPILIEHHO
TOYHOIO B3aUMOJIEHCTBHS MEKLY TPeMsl IepeKpydeHHbIMU IIpoBoHuKaMu. Ha puc. 6.9
MOKA3aHO, 4TO IIPOBOJA MCTOYHNKA IIMTAHMA CBUTHI BMECTE, OJHAKO, IIPOJIO/KEHBI Ha
JI0CTATOYHO OOJIBIIOM PACCTOSIHUU OT 3eMJISTHOTO ITpoBoa. I1pu aToMm criocobe Gy et 1mpo-
NCXOANTDb N3yd€eHne, O/THaKO, €CJIN TOKU B /IBYX ITPOBOJIHNKAX OT NCTOYHUKA ITUTAHWA
KOMIIEHCUPYIOT APYT ApyTra, obecredrBast XOPOIIyio CHHYCOMAAIbHYI0 (POPMY CHIHAJIA Ha
BXOJI€, TO OHU OYyT BECTHU ce6s TOYHO TaK 5Ke B OTHOMIEHUY FeHEPUPYEMbIX MarHUTHBIX
nsaydennii. IIpu UCIOIB30BAaHUN JAHHOTO IIPUEMA B CTEPEO(MOHNYECKNAX YCUIUTENAX
CYILIECTBYET OIPE/IEICHHDI PUCK BOSHUKHOBEHUSI IEPEKPECTHDIX MOMEX MEK/LY KaHa-
JIaMU, OJTHAKO, OH IEHICTBUTETLHO OKa3bIBAETCST BeChMa 3((EKTUBHBIM B PSAJIE CTydaecs
UL pelieHus 1pobJieMbl HaBeIEHHbIX UCKaKEHHUIA.

6.4. UckaxxeHus Ne 7: uckaxkeHus, cBA3aHHbIe C TOYKON NOAKIIOYEeHUS
obOpaTHoM oTpuL,aTenbHoM 06paTHOM CBSA3M

MHeHue, 4To OTpHUIaTeIbHast OOpaTHAs CBSA3b SBJSETCS MOUIHEHIINM TEXHUYECKUM
[IPUEMOM, YK€ CTajio M30UTOM, cTapoil GaHATIbHOCTBIO, OJIHAKO, OA0OHO OCTATBHBIM
CUIBHOAEHCTBYIONMINM CPEACTBAM, JOJIKHA IPUMEHATHCS ¢ U3BECTHOH OCTOPOKHOCTBIO,
ect HeobxoamMo nsbexath BU HecTaGUILHOCTH, COTIPOBOKIAEMOTT MUTIATIINMHE 3BY-
kamu B BY nunamuxke.

TR1

Ce—— Bhixoq Ce
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De Bbixop,
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TR2 [ TR2

HenpaswunbHo MpaBunbHO

Puc. 6.10. Nckaxenna N2 7. HenpasunbHbii 1 BepHbIM cnocob Beibopa
TOYKM NOAKMIOYEHUS KPUTMHECKOU OBPATHOM CBA3M
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Puc. 6.11. Uckaxenuns N2 7: HarnsgHoe nposiBnetue. BepxHsis kpusas
Ha rpaduke (nomevenHas kak «HenpasunbHo») aeMoHCTpUpYeT pesynb-
TAT NOCNEAOBATENLHOMO NOAKIIOYEHMUS [ONONHUTENLHOMO NPOBOAHMKA
(Mmetowero Bonbluoe NoNepeyHOe CeYeHMs M BCEro-HABCEro AnuHY 6 Mm)
MeXay TOYKaMM BbIXOAA M TOYKOH, B KOTOPOM MOAKNIOYAETCS OTPULIATENb-
Has obpaTHas cea3b

OzHako cyliecTByeT Apyras, 1 6oJiee U30IIpeHHasl, JJOBYIIKa, CBI3aHHAs C IIPUMe-
HeHueM o01ell oTpuIaTeIbHO 00paTHON cBs3u. BeixoaHoii kackazn Kinacca B npezncra-
BJiseT COOOH TeJBII BOJOBOPOT BBICOKOAMILIUTYIHBIX TOKOB, IPETEPIEBIINX
OJIHOTIOJTYTIEPUOTHOE BBITIPSIMJIEHUE, U €CJIU TOYKA, B KOTOPOU OCYIIECTBJISIETCST OTBET-
BJIeHHE 00PATHON CBsSI3M, BhIOpaHa cJierka HEKOPPEKTHO, TO 3TH TOKU OYAYT «OTpaB-
JIATb» CUTHAI oOpaTHON CBA3M, IpeBpalllas €ro B BeChbMa MCKAKEHHYIO BEPCUIO
BBIXOZHOIO HAIPSKEHUsI, BHOCS, TAKMM 00pasoM, BeCbMa CYIIECTBEHHbIE HCKAKEHNUSL.
auuast ipobiema npownmocTprpoBata Ha puc. 6.10. ITpu paccMaTprBaeMbIX YPOBHSX
TOKOB BCE€ IPOBO/Ia M TOKOITPOBOISAIINE JIOPOKKY TTEYATHBIX TIJIAT JOJIKHBI pACCMaTpPU-
BaThCsI B KAUECTBE BJIEMEHTOB, 00JI/IATOIINX KOHEUHBIM COMPOTUBJICHUEM, OTKY/IA CJie-
IYET, 4TO BCAKUMI pas, Korga Obl o ObLT OTKPHIT Tpausuctop TR1, Touka C ne 6yner
HaXOJUTBCS TIOJ] TOUHO TAKWM jKe TIOTeHIIUaIoM, 4yTo U Touka D. Eciu oTBeTBIIeHNE
00OpaTHOU CBsI3U TPOU3BOAUTCS B TOUKe D, TO B 3TOI TOUKE OYET MOJYI€eH YHCTHIH CUT-
HaJI, OJ{HaKO, CUTHAJI, TOJy4eHHbIH B Touke C, GyIeT MMeTh COCTABJISAIONLYIO OJHOIIOJY-
MIEPUO/THO BBITIPSIMIIEHHOTO CUHYCOMIAIBHOTO CUTHAJIA OJIar01apst HAJIMIHIIO KOHEUHOTO
COTIPOTUBJIEHUST HA yuacTKe 1ienu Mexxay Toukamu C u D. [leficTBUTEIbHBIN BBIXOIHON
CUTHAJI OYJIET MCKaKeH, HO IIellb 00PaTHON CBSI3U HUYETO HE MOKET U3MEHUTH, TaK KaK
He B COCTOSTHIK IIPOM3BECTH KOPPEKIINIO JAHHOM OMIMOKH.

Ha puc. 6.11 mpuBozsiTcs mosrydeHHbIe Ha MTPAKTUKE PE3YJIbTAThI /IS YCUJIUTEI,
nepenaoiiero moiHoctb 100 Bt B Harpysky 8 Om, Ha KOTOPOM JIOTIOJIHUTEJIbHbBIE NCKA-
JKEHUS IOCTATOUHO JIIOGOIBITHO 3aTEHSIIOT IIEPBOHAYAIBHYIO KPUBYIO [I0 MEpPE e€e MOoIbe-
Ma € YBEJIMYEHUEM YaCTOTBL. YYACTOK C YBEJIUYCHHBIM 3HAUEHUEM COTPOTUBJIECHUS
Mmexy Toukamu C u D Ha cxeme, KOTOPBII 1 OTIPeIesisiy TI0JTyYeHHbIe UCKAKEHW S, TIPEe]I-
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Puc. 6.12. Uckaxenns N2 7, BbisBaHHbIe BHIBOPOM aNbTEPHATUBHOM
TONKM NOAKNIOHEHHS OTPULATENBHOM 0BPATHOM CBA3M BHYTPU BLIXOAHOTO
Kackapa knacca B emecto BbixogHoro nposoaHnka. CyMMapHbii Koag-
ULMEHT HENMHEMHBIX MCKAXeHUHM Bo3pacTaeT oT 3HaveHns 0,00097 %
po 0,0027 %, korpa To4YKa NOAKNIOYEHMS OTPULATENBHOM 0BPATHOM
cBs3u BbIGUpAnack Bcero A Ha pacctosHun 10 MM OT MecTa noaknio-
YEHMWs [OCTATOYHO MACCMBHOTO BbIBOAA pe3suctopa. Pesynbrar npeacra-
Bnset 64-kpaTHoe ycpegHeH1e

CTaBJIsLI cOOOM BCETO JIMIIB TIPOBOAHUK OOJIBIIIOTO CEUEHUS, UMEIOIIU TMHY 6 MM 1
KCIIOJIb3YEMBIii TP TPOU3BO/ICTBE TPOBOJIOYHBIX PE3UCTOPOB.

Ha puc. 6.12 mpencraBsiena pasHoOCTHAST XapaKTePUCTUKA CyMMapHOTO Koadhduiiu-
€HTa HEeJIMHEWHDBIX UCKasKeHUH (B YMCTOM, OCTATOUHOM BUJIE) JIJIS UCKasKEHU HOMep 7,
KOTOPbIE€ BHOCHJINCH 32 CYET HEMPABUILHOTO BHIGOPA TOYKHU TIOAKIIOYEHUST OTPHIIA-
TebHOU 06paTHO ¢Bstau. CyMMapHBIi K0O3(DMUITMEHT HeTMHEITHBIX UCKaKEHUH BO3-
pactan ot 3uauenus 0,00097 % mo 0,0027 % mnpocto mMOTOMY, YTO CUTHAJ
OTPHIIATETbHON 06PATHOI CBsI3M Opasicsl OT HEeHaJIEKAIIEro MeCTa OJIHOTO U3 BBIXO/-
HBIX OMUTTEPHBIX pe3rcTopoB. Cieayer 06paTuTh BHUMAHUE, YTO TIOJTYIEHHBIN Pe3yib-
TaT He ABJSJICS BHIGOPOM HEHA/TIEKATIEH CTOPOHBI PE3UCTOPA, TaK KaK MCKAKEHIS B
HTOM CJIydae MOTJIU Obl ObITh 3HAUUTETIHHO OOJIbIIE, OTBO/I IEJIAJICST BCETO JIUIITH Ha Pac-
crogaru 10 MM OT 10CTaTOYHO MACCUBHOTO BbIBO/IA PE3UCTOPA, PACHIOJIOKEHHOTO B JIeHi-
CTBUTETHHO BBIXOZHON TOUKE.

W3 Bcex nckakeHni, KOTOPBIM MOABEPIKEHO BCE CEMENUCTBO YCUIUTEEH MOITHOCTU
kiacca B, uckaxkenust mox Homepamu 5, 6 U 7 BBITJISIAT OCTATOYHO MOXOKUMU, €CIIN
CYIUTD TIO TOMY, KaK OHU MPOSIBJISIOTCS HA PA3HOCTHOUN XapaKTEePUCTUKE CyMMapHOTO
koadduLrenTa HeJMHEHHBIX MCKAKEHUH, UTO CKOpee BCEro, He SABJSeTCs YAUBUTEb-
HBIM, TaK KaK BCE OHU SIBJISTIOTCS PE3YJIBTATOM JI0OABIECHIUST OJIHOIOTYTIEPUOIHBIX (TIOJTY-
BOJTHOBBIX ) NCKQ)KEHUI B CUTHAJL.
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YerpauuTh ZaHHbI B MCKaKEHUI JOCTATOYHO JIETKO, 0COOEHHO II0C/Ie TOrO, KaK
BO3HUKJIA 032004€HHOCTD UX TT0sBaeHreM. OTBOJ CUTHAJIA OTPUIIATEIbHOM 06paTHON
CBSA3U OT TOUKU D He aBJIsieTCs BIIOJTHE PeKOMEHIyeMbIM, TaK Kak Touka D He mipezcTa-
BJIsIeT cOGOM TOUKY B UMCTO MaTeMaTHYECKOM IIOHUMAHUU 9TOTO CJI0BA, a UMEET OIIpe-
JleJIEHHbIe TTPOCTPAHCTBEHHbIE pa3Mephbl, BHYTPU KOTOPBIX TOKOBBIE MCKAKEHUS He
BHIOJIHE OompesiesieHbl. [loaromy Touka E Ha BEIXOZIHOM IIPOBO/IE TIPEICTABIISIETCS TOPa3-
110 TIPE/IMTOYTUTENIbHee, TAaK KaK OTHOTIOJIYTIEPUO/IHO BBITIPSIMJIEHHBIE TOKH He TIPOTeKa-
10T 110 9TOMY YYaCTKY IIeTTH.

6.5. NckakeHua Ne 8: eMKOCTHbIe CKa)XKeHUd

Korna aBTop /aHHON KHWUTU MHCAJ TIEPBOHAYATBHYIO CEPUIO CTATEH, MOCBSIEHHYTO
HCKAKEHUSIM B YCUITUTESIX [4], OH yKa3as ceMb TUIIOB HCKAXKEHUI, KOTOPbIE OTIPe/Ieisi-
10T JINHEITHOCTD XapaKTePUCTUKU yeuanuTesist. OZIHAKO UX KOJTMYECTBO BO3POCJIO 710 BOCH-
MU 13-3a J00aBJIEHUST UCKAKEHUH, BHI3BAHHBIX TPUMEHEHUEM 3JIEKTPOJUTHIECKIX
KOHJIEHCATOPOB. DTO yBeJIUYEHUE He UMeeT HUKAKOTO OTHOIIEHUST K CyOhEKTUBUCTCKOI
TEOPUH OTHOCUTETHHO MUCTHYECKIX U HETIOIAIONINXCS U3MePeHUsIM 2(p(heKTOB, U XOTS
paccMaTpUBaeMOe sIBJIEHUE U SIBJISIETCS BIIOJIHE PEATbHO CYIIECTBYIOIINUM, CO3/IaeTCsl
BIIEYATIIEHHUE, UTO 0 PSY TIPUIUH OHO OCTAETCS MOYTH HEU3BECTHBIM CPEIN pa3paboT-
YUKOB 3BYKOBOCIIPOM3BO/IATIIEH ariapaTyphl.

CraHzapTHBIE 2JIEKTPOIUTHYECKUE KOHIEHCATOPBI B AIIOMIUHUEBBIX KOPITYCAX SIBJISI-
I0TCSI UCTOYHUKAMU MUCKa)KEHUI BHE 3aBUCUMOCTH OT TOTO, T/ie OHU MTPUMEHSIOTCS, TaK
KaK Ha HUX BO3HUKAIOT 3HAYUTE/bHBIE TI0 BEJIUYIHE HATIPSIKEHMS TIePEMEHHOTO TOKA.
ITO OOBIYHO TIPOUCXOAUT MTPH UX MCIHOJIb30BAHUN B KAUeCTBE PasBs3bIBAONINX U OJ10-
KHUPYIOIHX 3JIEMEHTOB 110 TIOCTOSTHHON COCTABJISIONIEl TIPU BO30YKAEHUN 3HAUUTEb-
HBIX TI0 BeJTMYIHE PE3UCTUBHBIX HArpy3ok. Ha puc. 6.13 mpuBoanTes TecToBas cxema, a
Ha puc. 6.14 IpUBOAATCS Pe3yIbTaThl UBMEPEHUI PE3YJIbTUPYIONIMX UCKAKEHUH JIJIs1
KoHzeHcaTopa eMKocTbio 47 MM 1 pabounm Hanpsikenuem 25 B, nepenaroiero +25
nbwm (7,75 B cpennexBagpatndeckoro 3uauenust ) B Harpy3ky 680 Om, Torza Kak Ha prc.
6.15 mokasaH TOT y4aCTOK XapaKTePUCTUKH, IJle TOJbKO-TOJbKO HAYMHAETCS HU3KOYA-
CTOTHBIN ee cuaj. VckakeHus npeacTasisior coO0i cMech BTOPOI U TPeTheil rapMOHM-

B . K nameputento
XOAHOM o | | ° HESIMHEHbIX
curHan !

o]

NCKaXeHWN

R

Puc. 6.13. OueHb npoctas cxema, AEMOHCTPUPYIOLAS UCKAXEHMS,
BbI3bIBAEMBIE NEKTPONMTUYECKMM KOHAEHCATOPOM. Mamepsembli ypo-
BEHb MCKAXKEHMM HaumHaeTes ¢ yactotel 100 Iy,
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AUDIO PRECISION thd THD+N(%) vs FREQ(Hz) 30 NOV 95 15:55:48
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Puc. 6.14. 3aBUcHMOCTb YPOBHS MCKOXEHMIM OT YOCTOTbI, AEMOH-
CTPUPYIOLLaS Pe3Koe YBenu4YeH1e CyMMApHOro KoadpuLUEHTa Henu-
HEMHBIX MCKAXKEHWIM NOCNEe AOCTUXEHUS MOPOrOBOro 3HAYEHMS

KU, OHU PE3KO BO3PACTAIOT C YMEHBINIEHUEM YaCTOTBI, B CPE/ITHEM YBEJIUYEHUE COCTABJISI-
et BesimunHy Mexkay 12 u 18 n1b/oxrasy.

Haubo1b1as onacHOCTh 9TOr0 MeXaHU3Ma 3aK/II0YaeTCst B TOM, 4TO HauboJiee cepbes-
Hble UCKa)KEHUST HAUMHAIOTCS TOT/IA, KOT/AA CIajl YaCTOTHON XapaKTePUCTUKHU TOJHKO
MOJKET HauaTh U3MePSIThCsl. B JTaHHOM ciiydae cyMMapHbIi KOaGUIINEeHT HeTMHEHBIX
nckaskeHnit qocruraet sHaderns 0,01 %, korja crag YacTOTHON XapaKTePUCTUKHU TOJIb-
ko nocrturaet 0,2 nb. Hanpsskenne Ha KoHzeHcaTope pocturaet 2,6 B aMmiuTyiHoro
3HAYEHUSI, ¥ 9TO 3HAYEHME HAIIPSIKEHMSI SIBJISIETCs TOPas/io 60Jiee BECOMbBIM IIPEeLYIIPEK-
JeHreM 00 OIACHOCTH, Ye€M CTeleHb CIIa/la XapaKTePUCTUKH.

JlasbHeiime TeCThbl TOKA3aJIH, YTO MCKAKEHUST YBETMUUBAIOTCST TIPUMEPHO BTPOE TIPH
YIBOCHWH HAIIPSKEHUST, 9TO 3HAUEHUE CJIeTKA UBMEHSIETCS ISl KOHJIEHCATOPOB, UMET0-
KX Pa3IMYHble PabOune HAIIPSKEHMS.

MexaHnu3M BOSHUKHOBEHUSI 9THX UCKAKEHUI B KOH/IEHCATOPE He BIOJIHE siceH. /[na-
JIEKTPUYECKHE IOTEPU, CKOPEE BCETO, MOTYT ObITh UCKJIIOYEHDI, TAK KAK OHU HEM3MEHHO
(1 caemoBaTeIbHO, MPEUMYINECTBEHHO YCIEIHO) MOJETUPYIOTCS MyTeM BBeIeHUs
JIMHEWHBIX 2JIEMEHTOB, B BUJIE PE3UCTOPOB U KOHJIEHCATOPOB, B 9KBUBAJEHTHYIO CXEMY
3aMenteHna Kogencaropa. OOpaTHoe CMelleHne He IIPeICTaBIsIeT Cepbe3HOl mpobIie-
MBI, JIJIs KOHZEHCATOPOB, CMeleHne Ha KOTOPBIX AocTturano +15 B, mabmoxanocs cia-
60e yBeJnueHre, a He CHUKeHUE UCKaKeHU . B aJIeKTpoInTHUecKX KOoHIeHcaTopax ¢
HETOJISIPU30BAHHBIM JIUAJIEKTPUKOM TIPOSIBJISIETCSI TOUHO TaKoM ke 3 deKT, TOIBKO Ipn
6oJiee BBICOKIX TIEPEMEHHBIX HATPSLKEHMSIX, JaBast, KaK MPABIJIO, TOYHO TAKYIO JKe BeJII-
YMHY UCKKEHNI Ha YacTOTe, COCTABJISIONIEN TIPUMEPHO OJIHY JECSTYIO 3HAYEHUST, XapaK-
TEPHOTO JJIsi OOBIYHOTO KOHIEHCATOPa, MMEIOIIEro TaKyIO JKe TIOCTOSIHHYI0 BPEMEH!;
CTOMMOCTD K€ ¥ Pa3Mepbl 9TUX KOMIIOHEHTOB 00BIYHO UCKJIIOUAIOT BAPUAHT UX HEIIPH-
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AUDIO PRECISION FRQRSP AMPL(dBr) vs FREQ(Hz) 30 NOV 95 16:12:43
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Puc. 6.15. HuutoxHo maneii HY cnag, cesisaHHbIN ¢ yBenM4YeHneM ucka-
XEHWH, NpuBefeHHbIX Ha puc. 6.11

MeHEeHUsI, CIOCOOHBIN BOCTIPENATCTBOBATE JaHHOMY 3 derTy. OOBIUHO HAUTYUIIUM
pelleHneM SBISIETCST TIPOCTO MOIEPKaHNe YBEJTMUEHHOTO 3HAYEHHUST EMKOCTH JIO TeX
nop, noka HY moabem ncka)keHU He MCUE3HET C JIEBOU YaCTU 3aBUCUMOCTH [IJIS CyM-
MapHOTO KoadduImeHTa HeJTMHENHBIX NCKaskeHni. He3HaunTerbHBIN cria] aMIJIATY /-
HO-YaCTOTHOW XapaKTEPUCTUKU B aKyCTHMYECKOM JMAla30He He SBJSETCS B JAHHOM
cJy4ae I0CTaTOYHBbIM KPUTEPUEM.

DJIEKTPOTUTIHUECKUE KOHJICHCATOPBI JIyUIIle BCETO MOIXOAT JIJIst CUCTEM (DUITbTPOBa-
HUA TIOCTOSIHHOTO TOKA, & TAKKE B KAYECTBE 3JIEMEHTOB CBSI3M [IJIs1 CUTHAJIOB, KOT/Ia TIepe-
MeHHOe HalpsKeHre Ha HUX OyzeT mpenebpeskuTeabHo Masio. Ecim Ha KoHzeHcaTope
CBSI3M JIEHCTBUTEILHO TPUCYTCTBYET MIEPEMEHHOE HATIPSIKEHIE U TPH 9TOM OH paboTa-
eT Ha 0OBIYHYTO PE3UCTUBHYIO HATPY3KY, TO B 9TOM CJIy4ae OH JIOJKEH BBICTYTIATh B Kave-
cTBe (UJbTPa BEPXHWX 4YacTOT. Takoe pellleHWe HUKOTAA He TPeNCTaBJSIOCH
UleaTbHBIM /7T Pa3paboTurKa-TIPaKTHKA, TaK KaK Y 3JEKTPOJIUTIHYECKUX KOHIEHCATO-
POB Bcer/a 0ueHb OOJIbIINE AOTYCKH Ha BEJIMUMHY eMKOCTH, YTO HE MTO3BOJISIET CO3/IaTh
TOYHbIe (DUIIBTPBI, K TOMY K€ KaK CTaJIO TIOHATHO, OHU TaKKe SABJIAIOTCS JOCTATOYHO
CUJIbHBIMU UCTOYHUKAMU UCKaKEHU.

CiiezioBaTeThHO, CTAHOBUTCS KpaliHe HeKeJaTeTbHBIM 33/IaBaTh HUKHIOO TPAHUILY
[OJIOCHI IPOIYCKAHWS, TPOCTO OPUEHTUPYSICH Ha PAbOTY B KauecTBe (pUIbTPa BEPXHUX
YACTOT 3TEKTPOTUTUIECKOTO KOHEHCATOPA U COOTBETCTBYIONINX PE3UCTOPOB CXEMBI.
Irta HYHKIM T0JKHA BBITIOTHATBCS € UCTIOIH30BAHUEM HEATIEKTPOTUTHIECKOTO KOH-
JIEHCATOPa, UMETOIIETO HACTOIHLKO GOJIBIITYI0 EMKOCTD, HACKOIBLKO 9TO OKAa3bIBAETCST KO-
HOMUYECKU [eJIeCOOOPA3HBIM JIJISI TOTO, YTOObI MAKCUMAJIBHO CHU3UTH BEJIUYHHY
CBA3aHHOTO C HUM COIIPOTHBJICHHUS U 32 CUET 3TOI0 YMEHBIINUTD MOJHOE KOMILJIEKCHOE
COIPOTHUBJIEHIE CXEMBI, CBO/IsI K MUHUMYMY, TAKUM 00Pa3oM, OITACHOCTh BO3HUKHOBE-
HUS ITYMOB U TIEPEKPECTHBIX TTOMEX.

Wckaxennst, BbI3BaHHbIE TTPUMEHEHNEM KOHJIEHCATOPOB B YCUJIMTEJSIX MOTITHOCTH,
BO3HUKAIOT ¢ HauOOJIbIIENH BEPOSTHOCTHIO B OJIOKUPYIOIINX KOHAEHCATOPAX Iernei
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obparHoil cBs3u (MPU YCIOBUH, YTO PACCMATPUBAECTCS YCHIUTENTh CO CBA3BIO TI0
[IOCTOSIHHOI cocTaBisgioniei ). BxoaHoii 60kupyomuii KongeHcaTop 00b4HO paboTa-
€T Ha BBICOKOE TIOJHOE KOMIIJIEKCHOE COITPOTUBJIEHHUE, OJHAKO, TIJIEY0 0OPATHOI CBSI3M
JOJKHO UMETh Kak 6oJiee BO3MOKHO HU3KOE COMTPOTUBJICHHUE JJISI TOTO, YTOOBI CBECTH K
MUHUMYMY KaK IIIyMBbI, TaK U CMeIeHre MOCTOSHHON cocTaisionieil. Konmencatop
06paTHOM CBSI3H, CIEI0BATENBHO, IOJIKEH UMETD C OJIHON CTOPOHBI CPABHUTETBHO OOTb-
Y0 BEJIMYUHY U, C IPYTOH, He OBITH JOCTATOYHO GOJIBIIUM J[JIs TOTO, YTOOBI Ha 4aCTOT-
HOIl XapaKTePUCTHKE CyMMapPHOTO KO3(DPUITIEHTa NCKAKEHNH YCUITUTEIST He TIOSTBIIICS
xapakrepHbIil mogbeM Ha HY yuactke. [IpumMep paHHO# cuTyanuu moapoOHO paccMa-
TpuBaercd B pazuene 4.11.

Cunraercst 0OBIYHBIM TIOKA3bIBATH JJISI YCUIUTEIsI YBEJIUMIECHIE NCKaKEeHII B KOHIIE
HY obsactu, oHAKO, He CYIIECTBYET IPUUYKMHBI, [IOYEMY TaKOE SIBJIEHUE HAOMIOAETCSI.
Vckaskenust, CBsI3aHHBIE ¢ KOHAEHCATOPAMU, OOBIYHO CYMTAIOTCS TaKO# MPUYNHOM,
OJTHAKO, UCKAKEHST HOMeP 5 (MCKaKeHUsT PA3BSI30K IIMH TUTAHUS ) TAKIKE MOTYT [aBATh
CBOU BKJIaJl. ITH MCKAKEHUSI MOTYT OBITh Pa3jlesleHbl, TaK KaK MCKaKeHUsT HOMEP 5
00BIYHO HAPACTAIOT CO CKOPOCTHIO TOJIBKO 6 1B /0OKTaBy ¢ yBeJMUEHUEM YaCTOTBI, B OTJIH-
qyue oT ckopoctu yBenunvenusi 12 — 18 nb/okraBy.

Yennurenu, y KOTOPBIX CBSA3b MO BBIXO/Y OCYIIECTBJISIETCS 110 TIEPEMEHHOM coCcTa-
BJISTIONIEN, B HACTOSIIIIEE BPEMST IOCTATOUHO PEIKH, BO3MOIKHO, 113-32 TOTO, YTO UCKAXKe-
HUS B BBIXOJHOM KOHJEHCATOPE MPEACTABIAIOT BECbMa CEPbE3HYIO TPOBIEMY,
BCTPEUAIOIIYIOCS B CepeiiHe Auarasona, a Takxke Ha HY yuactie. Bosee moapoOHo 1aH-
Hast ipobJieMa paccMaTpUBaeTcst B pasjesie 2.5.

6.6. Mpumep KOHCTPYKLUK: ycunuTenb Mo HocTbio 50 BT knacca B

Ha puc. 6.16 npuBoauTcst prMep paspabOTKU CXeMbl YCUIIATENIS Kiaacca B, mpeHasHa-
YEHHOTO JIJIS BRICOKOKAUeCTBEHHOTO BOCIIPOM3BEIEHUS B IOMAIITHUX YCI0BUSIX. Bompekn
CBOEMY OTHOCUTEJBHO 3aypPATHOMY BUIY BbI6paHHbIe ITapaMETPbI CXEMbI O6eCH€‘-II/IBaIOT
ropaszio 6oJiee BBICOKUE XapaKTePUCTUKM I10 YPOBHIO MCKasKEHUI 110 CPABHEHKIO € OObIY-
HBIME XapaKTeprucTukamu. [ToTeHInaNbHO JaHHas cXeMa sIBJIsIeTCst Oe3yIpPeyHoil, HO
TaKO# pe3ysbTaT Oy/IET IOCTUTHYT TOJBKO B TOM CJIydae, eCJiu OyIyT MPEAIPUHSTHI 0CO-
Oble MepbI IIPH IIPOKJIAABIBAHNY IIPOBOAOB U BHIOJIHEHNN MOHTaKHOBIX PAOOT.

HpI/I UCIOJb30BAHNN 3HAYECHUN HaHpH}KeHI/IIL/,I TMUTAaHWA 1 TIPU 3HAYCHUAX HOMUHAJIOB,
yKa3aHHbIX Ha IIPUHIMITHAIBHON CXeMe, yCUIUTe b padBrBaeT MomHocTh 50 Bt mipu pabo-
Te Ha Harpy3Ky 8 OM 1 TIpu BXOJTHOM CUTHaJIE, cocTanlstionieM 1 B cpennexBasparnuecko-
r0 3HAUEeHUS1. B IPebIIYIIIX rIaBax KHUTH aBTOP MCIOIb30BAJl TEPMUH «0e3yTPEYHbIiT»
B OTHOIIEHUUN YCUJIUTEJISI, B KOTOPOM BO3JIEMCTBHSI BCEX MEXaHU3MOB MCKAKEHUH, 32
HCKJTIOUEHHEM TeX, KOTOpbIe HenzOeKHO Tpucyinu ycunuteno Kimacca B, 6buin bl cBe-
JIeHbl K MUHUMyMy. [laHHas cXeMa COOTBETCTBYET BCEM YCJIOBHSIM, YTOObI IIPETEHI0BATh
Ha 3BaHue 0e3ynpevHoil (K KaKOBOI KaTeropry OTHOCHUMCST, 6e3 BCSIKMX COMHEHUH, 1 MbI
BCe), OZIHAKO, IOCTIZKEHIE TAKOTO Pe3yIbTaTa 3aBUCUT OT TOH TIATETHHOCTH, C KOTOPO
OYIyT BBIIIOJIHEHBI BCE TIPOBOHBIE COCANHEHMsI U BBINOJHEH MOHTaXK cXeMbl. [1pu aToM
BCE PEKOMEH/IAIINY He SIBJISTFOTCS TOUHOM PEIENTyPOii, Harmogobue Tol, KOTopast pUBo-
JIUTCSI B KYJIMHAPHBIX PEIeNTax; B YaCTHOCTH, HAIIPUMED, MEPbI 110 3aIUTe OT IIPEBbIIIIe-
HUST TOKOB U CMEIIEHVSI TI0 TTOCTOSTHHOM COCTABIISIIONIEH TIOTIPOCTY OIMYIIEHDI.
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BxopaHow kackag,

Puc. 6.16. MpuHumnuansHas cxema yeunurens knacca B mowroctsio 50
Br. Homepa TpaH3ncTopoB coBNAAQIOT ¢ HOMEPAMM, MCMONb3OBAHHBIMAU
Ans 0603HAYEHMS HA CXEME MCXOAHOTO YCUNUTENs B rnase 3
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B raiaBe 11 paccMaTpuBaiOTCs BADUAHTBI TOTIOJIOTHU BBIXOIHBIX KACKA/IOB, TAK)KE TaM
JIeJTAeTCS BBIBO/I, YTO MOIITHBIE TIOJIEBBIE TPAH3ZUCTOPHI SBJISIOTCS HEYTEIUTETHHO JI0PO-
TOCTOSIIIUMU, Hea(h(HEKTUBHBIME U BI0OABOK 00/IAIAf0IIUMU GOJIBIION HEJTMHEHHOCTDIO.
CurieroBaTeibHO, UCTIOIB3YIOTCS GUTOJISIPHBIE TPAH3UCTOPBL. JIyuliieii cxemMoii B crydae
UCTIOJIb30BAHUS OUTIOJISIPHBIX TPAHZUCTOPOB SIBJISIETCS CXeMa SMUTTEPHOTO TOBTOPUTE-
a1 tma 11, o6ecrieunBaoIero HaMMEeHbIIHE BBIXOJHBIE XapaKTEePUCTUKI NCKAsKEHUIT
[IPU BBIKJTIOYEHUH, JOMOJHEHHAs KOMILJIEMEHTapHOI (B3aUMO/IOMOJHSAONIE) obpar-
HOU CBSI3b10, 00ECTIEUMBAIOIIEH HAUTYUIITYI0 HCXOAHYIO TMHEHHOCTD.

BriGparHas KOHDUIYpaIUs CXeMbl IPEACTABJISET SMUTTEPHBII ToBTOpUTEb THIA 11,
KOTOPBII 00J1/Ia€T PEUMYIIIECTBOM CHUKEHUST HETHHEHOCTH XapaKTEPUCTHK ITPH Tiepe-
XOJI€ B 3aKPBITOE COCTOsTHUE (MCKaxeHust HoMmep 3¢) barogaps aeiicTsuio pesucropa R15
[IPH Mojiaue 0OPATHOTO CMETIEHSI HA BBIXO/IHBIE OMUTTEPHO-GA30BbIE TIEPEXOIbI TIPH UX
sanmpanun. BoaMoskHOe Hey100CTBO 3aKII0YAETCs B TOM, UTO CTAOUIILHOCTD CTATUYECKO-
TO PEsKMMa MOKET OKa3aThCs XysKe 110 CPABHEHHIO C BAPUAHTOM BBIXOIHOM TOTIOJIOTUH, B
KOTOPOU HCIIOJIB3YETCsT KOMILIEMEHTapHAst 00PATHAST CBsI3b, TAK KAK OTCYTCTBYET MECTHASI
o6paTHast CBSI3b, NPUIBAHHAS UZPAMD BCROMOZAMENBHYIO POIb JITIST UI3MEHEHWH HATTPsIKe-
Hust Oaza-smMuTTeP Vbe B BBIXOAHBIX MPpUOOPaXx 1Mo/l HArpy3Koi. VI3MeHeHUsT TeMItepary-
PBI IPH HKCILTYATAIU K B IOMAITHUAX YCJIOBUSAX OY/IyT HE3HAUMTEIBHBIMU, TIOITOMY MOTYT
[IPUMEHSITHCS COOTBETCTBYIOIINE METOIbI 00eCTIeYeH ST CTAOUIBHOCTH 32 CUET MCIIOJIb30-
BaHUsI COOTBETCTBYIOIIHNX TEILIOBBIX PAZIMATOPOB U TEPMOKOMIIEHCATOPOB.

Bouia BeiGpana obias (riobanbHas ) oTpulaTe/ibHasg oGpaTHas CBsI3b ¢ Koo duUIeH-
toM (yposrem) 30 nb Ha yacrore 20 k', KoTOpas KoJEKHA OyAeT 00eCIIeYnTh OTINYHbIE
rpanuibl BU crabuabHocTi. BXxogHol KacKaza (MCTOYHUK TOKa Ha TpaHsucrope TR1 u
nmuddepentmanbaas napa TR2, TR3) sBasercs sBHO (CUITBHO) BBIPOKIAECHHBIM 32 CUET
pesucTopoB R2, R3, 4T00bI IPEIITCTBOBATD MOSIBIEHUIO UCKAKeHUi HoMep 3, 00yci1o-
BJICHHBIX TPEThEH rapMOHUKOM, MOATOMY € I1eJIbI0 00eCIeunTh TAKOBOI ahdeKT mprme-
HSIETCSI CBEJlEHWE K MUHUMYMY BKJIaJla OT COOCTBEHHBIX M3MEHEHUN MapaMeTpoB
TPAH3UCTOPA 32 CYET UCIIOMB30BAHUS HEOOBIYHO BBICOKOTO 3HAYEHHST OCTATOYHOTO TOKA
4 MA[VIN.3]. Tpausucropst TR11, TR12 06pasytor (cxemy cTaOMIU3AINHN ) THITA «TOKO-
BOE 3epPKaJIo», KOTOpast 06eciednBaeT TOUHbIH GATAHC KOJJIEKTOPHBIX TOKOB TPAH3UCTO-
pos TR2, TR3, npegorspamnias, Takum oOpa3oM, BOSHUKHOBEHME UCKaKEeHUI BTOPOT
rapMOHUKH. TpaH3uCTOPbI OKOHEYHOTO McTouHuKa nutanust TR1, TR14 obecrieunBator
GasucHbl KOa(pUIMEHT 11o1aBaeHus ucrounnka nuranus, PSRR, na 10 16 Bbimie o
CPaBHEHUIO ¢ OOBIYHBIM BAPUAHTOM Ha JIBYX JIHO/IAX, HECMOTPSI HA TO, YTO OH SIBJISIETCSI
KJIACCHYECKUM MTPU COOTBETCTBYIONIEM MOAG0pE BenurHbI KoHpencatopa C11.

Bxozroit pesuctop R1 u pe3uctop oTBeTBICHMS 06paTHOI cBsian R8 mMeroT paBHbIe
COIPOTHUBJIEHUS], U HACTOJBKO HU3KHUE, HACKOJIBKO 3TO BO3MOXKHO, UCXOJIs1 U3 TpehoBa-
HUiT 00eCIIeunTh BBICOKOE BXOAHOE MOJTHOE KOMILIEKCHOE conpoTrBeHue. I1o aToii mpu-
YIHE PACCorjacoBaHue 0Ga30BBIX TOKOB, BBI3BAHHOE OTKJOHEHUSIMU B BEJIUYHHE
koaunmentos ycunenus 6era, 6yayT MPUBOAUTH K MUHUMATLHOMY CMEIEHUIO
[IOCTOSTHHOM COCTABJIAIONIEN; 9TO He MOBJIMET Ha paccorjacoBatme Hanpsikeruii Vbe
tpansuctopoB TR2—TR3, koTopoe nposiiisieTcs: HEOCPENCTBEHHO HA BBIXO/IE, OJTHAKO,
UX BJIMSTHUE TOPA3/0 MEHbIIIe, YeM BiausHue ToKoB Ib. /laske B TOM cirydae, Korja TpaH-
suctopsl TR2, TR3 aBisioTcs BBICOKOBOJBTHBIMU C HU3KUM 3HaYeHUEeM K03 duImen-
Ta ycuiaeHust 6eta, BBIXOAHOE CMEIIeHe MOKHO ObITh B mpeaenax + 50 MB, uto
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SIBJIIETCST BEChbMA HETLTOXUM PE3yJIbTATOM, ¥ YCTPAHSIET HeOOXOIMMOCTD MTPEIBAPUTEh-
HOU YCTaHOBKHU OajlaHCa M CXEMBbI CJICKEHUST (ABTOMAaTHUYECKOTO YIIPABJIEHUS U CIIEKe-
HUs) TIOCTOSHHOTO CMellleHust. Masass BeJIMYMHA CONpPOTUBJIEHUsT pe3ucTopa R8
OTIpEIETISIET TAKKE MaJIoe 3HAUEHIE COTIPOTUBJIEHUS 715t peauctopa R9, KoTopwiii yiryd-
IIIAeT [IyMOBBIE XaPAKTEPUCTUKH.

[Tpusenennoe 3nauenne emxoct C2 (220 Mk®d) cOBMECTHO € BEJIMYUHON PE3UCTO-
pa R9 ompenensieT can XapakTePUCTUKHU 10 HU3KOW 4acTOTE, KOTOPBIN COCTABJSET —
3 nb magacrore 1,4 I'. [lenbio aBigeTcst He HEONTPaB/AHHO CUJIbHO PACTSIHYTAsI XapakK-
TEPUCTUKA B 00JIaCTH CBEPXHU3KHUX YaCTOT, a mpepoTepaiierre HU moabema mckaxe-
HUI, BBI3BAHHBIX HEJIMHEIHOCTHIO XapPAKTEPUCTUKU KoHaeHcaTtopa. Kommemcarop
c emkrocthio 100 Mx®D yxyamraer 3HaueHe CyMMapHOTO K09 hUIlneHTa HeTnHEHHBIX
nckakennit Ha yactote 10 ' ¢ menee yem 0,0006 % mo suauerus 0,0011 %, uto aBTOp
CUNTAET HEMIPUEMJIIEMBIM 3CTETUYECKH, €CIIH JJasKe TaKue MCKaKEHUST U He BOCIIPUHU-
MatoTcst Ha ciryX. OrpaHudeHue 1o 1moJioce ObLIO BBITOJHEHO paHee, 6e3 UCI0JIb30Ba-
HUS 3JEKTPOJUTUYECKUX KOHAEHCATOPOB. 3amuTHblil nuon D1 mpeporspamiaer
noBpeskaeHre KoupeHcaropa C2 B cirydae, eciv yCUIUTETh OKAKETCS TIOABEP;KEHHBIM
HEUCIIPABHOCTH, KOTOPAsl 3aCTABUT €r0 MEePENTH B PEeKUM HACHIIEHUST; XOTS TaKoe
pasBUTHE COOBITUH U KAsKETCS MATIOBEPOSITHBIM, HO BBI3BIBAET MCKAKEHNUS, KOTOPBIE HE
MoryT ObITh usMepetst | 5]. Kougercatop C7 obecrieqnBaeT HEKOTOPYO CTAOMIU3AIIIIO
oriepekeHus 1o (ase 1 OrpaHNYUBAET MIUPUHY TIOJIOCY TIPOITYCKAHUS MTPH 3aMKHYTON
nenu; pesuctop R20 npeporspaiiaer aTo, nepeksiodas Tpansuctop TR3.

XapaKkTepUCTUKY KaCKa/la YCHIUTEST HATPSIKEHUS YTy UIIAoTCs 32 CYET MCIOTIb30Ba-
HUSI 9MUTTEPHOTO TIOBTOPUTEJIST B T KOMITEHcann MuJuiepa; Takum 00pasoM, Jeid-
CTBUE MECTHOI OTPHUIATENBHON 0OPAaTHOM CBsI3H, 00eCIIeunBaIONIell INHEIHOCTD KacKaaa
YCUJTUTETST HATIPSIKEHST, YCUITUBAETCST, TIPEIKIIE BCETO, 32 CUET YBETMIEHHUS OOTIETo K0ah-
(putenTa yCHsIeHNS TI0 TOKY, 2 He 32 CUET YBEJUIEHUS OJTHOTO KOMIIIIEKCHOTO COTIPO-
TUBJIEHUS KOJIJIEKTOPA IIPH MCII0Jb30BAHUK KACKOIHOI CXeMbl. JTa JOTIOJIHUTEIbHAS
MECTHast OTpHIlaTeIbHast 0OpaTHast CBsI3b 9((DEKTUBHO CHUKAET UCKAKEHMST HOMED 2
(HeJIMHENHOCTD KacKa/la yCUJIUTENST HallpsKeHus ). /lanbHeliinme nccyeoBanms mokasa-
JIFL, YTO YBETUYEHHE TAKUM CTOCOO0M KOa((bHITHEHTa YCUTEHHUS TI0 TOKY B KACKAJIE YCU-
JIEHUST HATTPSIKEHUST 00eCIeqnBaeT TOPasio MEHbIee 3HAYEHNE KOJIIEKTOPHOTO TIOJTHOTO
KOMIIJIEKCHOTO COMTPOTUBJICHHSI [0 CPABHEHHUIO C UCTIOJIb30BAaHNEM KaCKOIHON CXeMbl OJ1a-
roJ1apst KCIOJIb30BAaHUIO O0JIee CUITbHOM MECTHON 0OPATHOI CBSI3HU, B CHITY YETO OTIIalaeT
HEeoGXOIMMOCTh UCTIOIB30BaHKst 6y(hepHOTO KacKa/a /st Kackajla yCUIIUTE st HATTPsIKe-
HUS C IIEJTbIO CHIDKEHWS NCKaKeHN T HoMep 4 (MCTIOIb30BaHNE B KAUeCTBE KOJIEKTOPHOM
HATPY3KU KACKAMA YCUJINUTENsS HANPSYKEHUS HEJIUHEHHOT0 BXOAHOTO KOMILJIEKCHOTO
COTIPOTUBIIEHUSI BLIXOAHOTO Kackaaa). EMkocth Cdom socTiraet cpaBHUTETHHO GOJTBINO-
ro sHauenus, pauoro 100 nd, yTobObl TOAABIATH COOCTBEHHbIE EMKOCTH TPAH3UCTOPA U
[apasuTHbIE EMKOCTH CXEMBbI, TI03BOJISISI CIEIATh PACUET CXEMBI ITpejicKkazyeMbiM. Paccum-
TaHHOE 3HAUYE€HUE CKOPOCTH HapaCTaHWS BBIXOTHOTO HANPsLKeHMS cocTaBisieT 40 B /Mxc.
Kosnekroprast Harpyska Kackajia yCUJIUTesT HATIPSIKEHUs TIPeICTABIISIeT CTAHAAPTHBIN
HCTOYHUK TOKA JIJIST TOTO, 4TOOB! M30€KATh HEOTIPEIETEHHOCTH aBTOMATUYECKO YCTaHOB-
KU CUCTEMbI B UCXO/IHOE COCTOsTHUE (CAMOHACTPONKY ).

Tax Kak IpaKTUUYECKU BCA BeINYnHA Koa(GUIMEHTA HeJIMHETHbIX NCKaKeHUI Oe3y-
MIPEYHOTO YCUJIUTEIIS OTIPEeNIesISieTCs TPOIlecCaMy, BOSHUKAIOIUMU TIPH MIePexXo/ie Yepes
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HyJIeBOe 3HaueHue (TOYKY KPOCCOBepa), 04eHb BasKHOE 3HAYEHIE [TPUoOpeTaeT mojiep-
JKaHue i paboyueil TOUKU ONMTUMAIbHBIX yeaoBuil. CTabuIbHOCTD pabodeil TOYKY Tpe-
OyeT HCIOJb30BAHUSI T€HEPATOPa CMEIIEHS], TTO3BOJISIIONIEr0 UCKIIOYUTh BJIUSHUE
n3MeHeHu Hanpsikenust Vbe 4eThipex mocieoBaTe bHO BKIAOUEHHBIX P-N-TIEPEXOI0B;
a IMEHHO, JIBYX 3a/IAf0IIIX (JIPaifBEPOB) U IBYX BBIXOAHBIX PUOOPOB. [ereparop cMerre-
Hust Ha Tpansucrope TRE mpescraBisieT cCTaHIaPTHBIN YMHOKUTEb Hapskerust Vbe,
HEKOJIbKO U3MEHEHHBII C TIEJTbIO C/IEJIATh €ro HaNpsKeHne GoJiee CTaOUIbHBIM ITPU H3Me-
HEHUSX MTPOTEKAIOIIETO Yepe3 Hero Toka. Takne u3MeHeHns BO3HUKAIOT M3-3a TOTO, YTO
cmetenneM Ha TRS He yaercst MOJTHOCTHIO UCKIIIOYUTD BIUSTHUE U3MEHEHUI HA TITMHAX
MTATAHWS; €70 BBIXOAHOM TOK TaK:Ke TTePBOHAYAILHO CMEIAeTCs N3-32 HarpeBa M M3MeHe-
HUH aMuTTEpHO-6a30B0T0 HanpsikeHust Vbe tpansucropa TRS. TloaaepkuBath cTabuiib-
HOU pabouyio TOUKY YCUJIUTES Kiaacca B 10CcTaTOuHO CIIOKHO Take B CaMbIX JIYUIITIX
CUTYaIMsIX, U TOITOMY UMEET CMbICJI UCKJIIOUUTh BIMSHUE HA CTAOMIU3AIUIO DTUX
JOTOJTHUTENBHBIX (hakTopoB. OCHOBHasI cXeMa YMHOKUTEJIST HanpsixkeHus: Vbe nmeer
nmuddepenimanibioe conmpoTupieHue mopsiaka 20 OM; APYTrUME CJIOBaAMH, €T0 HATTPSTKe-
Hue nsMensiercst Ha 1 MB nipu m3Menernu Toka mokost Ha 50 MKA. BBeenue pesucropa
R14 npuBOANT K M3MEHEHWIO XaPaKTEPUCTUKH K BU/Y CO CJ1ab0 BBIPAKEHHBIM MTHKOM U
KOTOPast MOJKET OKA3aThCsI UIEATTbHO TIIIOCKOM JIJIsT KAKOTO-HUOY/Ib OITPEIE/IEHHOTO 3Ha-
yenwust Toka (puc. 6.17). TIpu BeiGope 3HaueHust conpoTusiernst R14 pastbiv 22 OM Mak-
cUMaJsibHOE 3HAYEHME HATIPS)KeHNd (TOUKa 9KCTPpEeMyMa) pacioJiaraeTcs Mpu 3Ha4eHun
TOKa 6 MA, ¥ TOK TTOKOSI B 9TOM CJTyJae IOJIKEH OTKIOHSATHCS OT ITOTO 3HAYeHMsT Gosree
geMm Ha 500 MKA 117151 u3MeHeHus HanpspKeHus cMernenns Ha 1 MB. Benrnuuna comnporus-
Jienus pesucropa R14 nomkna nu3MeHATbCS MPU UCIIONIb30BAHUM PA3JIMYHBIX TOKOBBIX

BIASGEN3.CIR Class-B transistor bias generatorw current-compensate R.
Date/Time run: 11/18/93 22:54:12 Temperature: 25,0

R14
00m
1558 -
1508 -
16 Om
PR e
18 Om
1458 /(/—"""/ -
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Puc. 6.17. MNonyyenHsie ¢ ucnonszosannem MMC-opuentuposaxHoro
METOAA MOAENMUPOBAHMS 3ABUCMMOCTH U3MEHEHWS AMMNIUTYRHOTO 3HAYe-
HUS HANPSAXEHUs TOKOKOMNEHCUPOBAHHOTO rEHEPATOPA CMELLEHMS




6.6. IPUMEP KOHCTPYKLUUU: YCUJIUTEJTb MOLLIHOCTbIO 50 BT KJIACCAB [207

pesxxumoB Tpansucropa TR15; nanpumep, Besmuwna corporusiennst 16 Om ycranasim-
BaeT MaKCUMaJbHOEe 3HaUeHNe HanpstkeHue pu Toke 8 MA. I1pu ncnosbpzoBanum Ha
Bbixozie TO3, TpaH3UCTOP reHepaTopa CMEIIEH JI0JIKEeH, CKOPee, HAXOAUThC B KOH-
TaKTe C JOHBIIIKOM UJIA KOPILYCOM OJTHOTO U3 BBIXOAHBIX TIPHOOPOB, a HE C TEMJIOBBIM
PaaMaTOPOM, TaK KaK TUM 00eCIedrBaeT CaMblil KpaTdaiimmii u 6e3 moTepb myTh I
KOPPEKIIUH TT0 TEMTIEPATYPHON 0OPATHOM CBSI3ML.

BrixonHol Kackas MpecTaBIseT CTAaHAAPTHBIN CIBOEHHBIN SMUTTEPHBIN TTOBTOPH-
TeJIb, He CUNTAasT COEIUHEHS, BBITOJTHEHHOTO PE3UCTOPOM R15, Mesk 1y yIpaBJsionuMu
SMUTTEpaMK 0e3 MOAKIIOUEHUST K BRIXOAHON 1iHe, ITo obeciiedynBaeT Oosee ObICTpoe
U C MEHBIIMMU UCKOKEHUSIMU OTKJIIOUEHUE BBIXO/IA HA BBICOKUX YaCTOTAX; UCKAKEHMS,
BO3HUKAOIINE MPU MEPEKTIOYEHU TTIPUOOPOB, MOTYT JaBaTh CYIIECTBEHHBIH BKJIA/
B CyMMapHbIil KoahGUIMeHT HeJMHEHHBIX NCKAKeHUIT Ha yacToTaX, HaunHasg ¢ 10 kI,
KOHKPETHAsI BeJIMYMHA KOTOPBIX ONpeessieTcsT TUIIOM TpaHanucTopa. Kounerncatop C4,
UCTIOJIB3YOIIUICS [T YBEJUUEHUST OBICTPOIEHCTBUSI, 3aMETHO YJIyUIIAET XapaKTepu-
cTUKM T1poriecca nepekodenus. Kongencarop C6 copmectHo ¢ pesucropom R18 ob6pa-
3ytort 1temb 3o6ens [Zobel] (koTopyio nHOrIa oueMy-TO Has3bIBaloOT stueiikoil Bayuepa
[Boucherot]), Torma kak nHAYKTHBHOCTD L1, IMapajuiebHO KOTOPOM BKIIIOYEH PE3UCTOP
R19, nzonmmpyet ycnnnresnb OT eMKOCTHOHM COCTABJISIONIEN HATPY3KH.

Ha puc. 6.18 nemoncTpupyercs BIUsIHUE UCKAKEHUN HA YCUJIUTENb C MOITHOCTHIO
50 Br u marpyskoit 8 Om: onu Bodpacraior npumepto ¢ 0,001 % na gacrore 1 k't 10
suavenns 0,006 % na gactore 10 kIt [lluputa moI0CH IPOITYCKAHUS TIPU NU3MEPEHISIX
OKa3bIBAET CUJIbHOE BJIMSHUE HA YACTOTHYIO 3aBUCUMOCTb CYMMapHOTO Koo duiinenTa
WCKaXeHN, TaK KaK IPUCYTCTBYIONIHE MaJble NCKAKEHNS OMPEEIIIOTCS TTEPEX0I0M

AUDIO PRECISION CLASSB THD+N(%) vs FREQ(Hz)
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Puc. 6.18. Ycunurens knacca B: yactotHas 3aeucuMocTs CyMMapHOTo
KO3 PULMEHTO HENMHEMHBIX UCKOXEHUH yeunuTens ¢ MowHocTsio 50 Br
u Harpy3koit 8 OM, nonoca NponyckaHWs NPy U3MEPEHUAX COCTABNSET
301 80«ly
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yepes HyJieBoe 3HaueHue (TOUKY KPOoCCcoBepa) U 09TOMY UMEIOT O0Jiee BBICOKHUIT ITOpsi-
1ok, [ToabemM XapakTepUCTUKU TTPOUCXOJUT CO CKOPOCThI0 615 /0KTaBy, ¢ YacToTOM
k09 uIeHT 00paTHON CBA3KH YMEHBIIAETCS, I0ITOMY BeChbMa II0YYUTENbHO HAGIIO-
JIaTh TITYMOBBIE BCIIJIECKU, BOSHUKAIOIINE TIPH TIEPEXojie Yepe3 HyJIeBoe 3HaUeHue; OHN
110JJ06HO 3ByKaM MYy3bIKU ['eH/iesist, IPOPBIBAIOIIMMCS CKBO3b BOEHHbIE MapIIH, HabJIro-
JAIOTCS TIPU YBeJIMYeHUH YacTOThl n3aMepenuii coimie 1 kI, [Tpu atom cienyer otme-
TUTh, YTO He HabomaeTcst Ge3yAePKHOTO TO[beMa B BETUMYHHE CYMMapHOTO
koo duIMeHTa HEeJUHEHHBbIX HCKA)KEHUH B 00/acTH YJIbTPAa3BYKOBBIX YaCTOT.

3urzaroo6pasHbie BIGPOCHI B HUBKOYACTOTHON 00JIaCTH 3aBUCUMOCTH TIPEICTABIISI-
10T MTOTPEITHOCTH NU3MEPEHIH, HECOMHEHHO, BbI3BaHHbBIE BBICOKOKAYECTBEHHO aKyCTH-
YeCKOW CHCTEMOM, TIBITAIOIIEHCS 3BJIeUb TOMEXH Jlake M3 BU3YaJbHO YKCTOTO GEI0ro
mryma. Huske gactorsr 700 Tip pasHOCTHBIN YPOBEHD IlyMa MPEACTABIISLI OEJIbIH yM
C yPOBHEM, 9KBUBaJIeHTHBIM TipuMepio 3Hadenuio 0,0006 % (n1a, 1a, UMEHHO Tak — TPU
HyJist niocsie 3arstoi!) npu mosoce nponyckanus 30 kI, geiicTBUTEIbHOE 3HAYEHUE
CyMMapHOro KoadduimenTa HeJTMHEMHbIX NCKayKeHUI B TOI 00J1aCTH J0JKHO OBITH
peHeOPEsKUMO (MUKPOCKOTIMIECKH ) MAJIO.

CoBeplieHCTBY HET TIpefiesia, oaToMy Ha puc. 6.19 npuBoasaTcs npeaBapuTeIbHbIC
Pe3yJIbTaThl IPUMEHEHUS IBYXITOJIIOCHON KOPPEKIIUKA B OCHOBHOU CXeMe YCHUJIUTEJIST:
eMKoCTh KoHeHcaTopa C4 mo-tipexkHemy octaetcst paBroit 100 md, Toraa Kak eMKOCTD
konzencaropa CP2 cocrasiisiia 220 nd, a conportusienue pesucropa Rp — 1 kOm (cMm.
puc. 7.1). dra gonoaHUTEIbHAST 00Iast OTPHUIIATEbHAS 0OpaTHAST CBSI3b JEHCTBYeET
HCKJIIOYUTENHHO XOPOIIO: CHUKEHUE CYMMapHOTO KoahduiinenTa HeTMHEHHBIX HCKa-
skernit Ha gacrore 10 xI'p mocturaet 0,0015 %, Torma Kak 0 3HaUEHUH JaHHOTO ITapame-
tpa Ha yactore 1 K[l MOXHO TOJMbKO ramaTh. IIpw aTOM He BO3HMKAIO HUKAKUX
HEOOBIYHBIX IIPU3HAKOB, FOBOPSIIIX O BO3MOKHOI HEeCTaOMIbHOCTH, OJHAKO, KaK U BO
BCEX CJIy4asiX, HeOOBIUHASI cXeMa KOPPEKIUU TpebyeT caMoil TIIATEIbHOI MTPOBEPKH.
B pesyibrare 0b110 00HAPYKEHO, UTO «OE3YIIPEUHBII YCUIUTEIb> C ABYXIIOIIOCHON KOP-
PEKIINelt MOYTH BIIOTHYO TI0O3BOJIHIT IPUOIMBUTHCS K OJITOKIaHHOM 11eI — K YCUJTH-
TEJTI0, B KOTOPOM OTCYTCTBYIOT MCKaKEHMSI.

Cxema OCHOBHOTO «0e3yIIPEeYHOTO YCUIUTE s>, BBIIIOJHEHHOTO Ha OCHOBE OMUTTEP-
HOTO MOBTOPHTEJIs, ObLIA TIOBTOPEHA B TPEX BAPUAHTAX C TPEMSI PA3THUUHBIMU BBIXO/I-
HBIMU KacKajJlaMH: B BHJIe TPOCTOTO KBAa3MKOMILIEMEHTAPHOTO, KBAa3UCXEMbI
BaxceHjesia U cXeMbl ¢ KOMILJIEMEHTAPHOI 00paTHON CBsI3b0. Pe3ysibTarhl Kak JJist
00BIYHOM, TaK ¥ IJIS ABYXIIOJIOCHON KOpPeKLUU IpuBoaaTes Ha puc. 6.20, 6.21 u 6.22.
B cxeme ¢ TpOCTHIM KBa3UKOMILJIEMEHTAPHBIM BBIXOIOM, KaK U OKHU/IAJI0Ch, TeHEPUPY-
ercs 6oJIbllle UCKaKEHWIl, CBI3aHHBIX C IIePEX0J0M Yepes HyJieBoe 3HayeHue (TOUKy
KPOCCOBEpPA), a BApUAHT KBa3WCXeMbl bakceHasia oka3auicss HEHAMHOTO JIydIlie, BO3-
MOKHO, U3-32 TPOIOJIKAIOIIEN MPUCYTCTBOBATH ACUMMETPUYHOCTH B 00JIACTH TIEPEXO-
Jia yepe3 HyJieBoe 3Hauenue. [Ipumenenne KoMIieMeHTapHOU (JIOTIOTHSIONIEN TaPHOIT )
00paTHON CBSI3U TIO3BOJIAIIO TIOJIYUUTH Aaxke Oojiee HUBKUI YPOBEHb UCKAKEHUH IO
CPaBHEHUIO € UCXOHON cXeMOI BLIXOJHOTO KacKajia Ha aMUTTepHOM noBTopuTtese 11, ¢
npuBeieHHBIMU Ha puc. 6.19 pesysbratamu JJ1s1 OHOTIOMIOCHONW KOppeKinu. B atom
cJIydae yJydiieHue st CJydast ABYXIMOJIOCHONW KOPPEKIMY OBLIIO HE3HAUUTEIHHBIM,
[I09TOMY KPHBbI€, UTOOBI HE 3arPOMOKIATh PUCYHOK, ObLIU ONYLIEHBI.
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AUDIO PRECISION CLASSB THD+N(%) vs FREQ(Hz)

0,1
P OBbl4HbIi
0,010
C mByms
1 nonocammn
d /
////—
0,001
0,0005
20Ty 100 'y 1ky 10 ky 50 kly,
Puc. 6.19. Brneuatnsiowee ynyyweHte cymmapHoro koapguumeHta
HEeNMHEMHBIX MCKAXEHMM npu ucnonb3osauuu B yeunutene Knacca B
ABYXMOJIOCHOM KOPPEKLIMM, ECIIU BCE CEMb U3 PACCMOTPEHHBIX MEXAHM3-
MOB, ACIOLMX CBOM BKIIAA B UCKOAXKEHMS, MPABUIIbHO MHTEPNPETUPOBAHBI:
MCKaXEHMs, MMetoLume nopsipkoBbie Homepa ¢ 1 no 4 onpepensiotcs npa-
BM/bHOCTbIO PACYETA NAPAMETPOB CXEMBI, OHAKO, TPM OCTABLUMXCS MEXA-
HM3MO MCKOXEHMM oOnpepensioTcs npexpe Bcero  GakTopamu
bU3NYECKOTO MCMOMHEHUS, O UMEHHO, MOHTOXHOM CXEMOM U CXEMOM
BbIMOSIHEHMS 3A3EMIIEHMUS
THD+N(%) vs FREQ(Hz) 18 NOV 93 15:38:23
0,1
OBbl4HbIi
C nBymst
nontocamu
0,010
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//
0,001 H
0,0005
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Puc. 6.20. Ycunurens knacca B ¢ npocTbiM KBA3MKOMNAEMEHTAPHBIM
BbIXOAOM. HUXHSAS KPMBAS OTHOCHTCA K CAIY4QI0 NPUMEHEHMS ABYXNOMIO-
CHOWM KOppPeKLMM
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THD+N(%) vs FREQ(Hz) 18 NOV 93 15:49:05
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Puc. 6.21. Yeunurens knacca B ¢ kKBa3uKOMNIEMEHTAPHBIM BbIXOJOM M
pononHutenbHeIM aMogom bakcerpana (Baxandall) Ha Beixoge. HuxHss
KPMBAsS OTHOCMTCS K CIyHQIO MPUMEHEHMS IBYXMOJIOCHON KOPPEKLUM
THD+N(%) vs FREQ(Hz) 18 NOW 93 17:06:47
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Puc. 6.22. Yeunutens knacca B ¢ BbIXOAHBIM KOCKAAOM, OXBAYEHHbIM
KOMNNeMeHTapHOM (ononHsiowei napHoit) obparHoi ceasbio. Mcnons-
3yeTcs Tonbko 0bblHAs KOppPeKLys
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Tabnmua 6.1. Xapaktepuctukn yeunmutens knacca B

50 Bt cpenHeKBaipaTHUECKOE 3HAYCHUE

BbIxogHas MOIIHOCTH Ha HATPY3KY 8 Om

Menee 0,0006 % Ha yactote 1 k['11 1
YpoBeHb HCKAKEHU T momutHoct 50 BT Ha Harpysky 8 Om
Menee 0,006 % nma gactote 10 kI'11

CxopocTh HApacTaHUs

BBIXO0/IHOT0 [Mpubnusurensruo 35 B/mMkc
HANPSI/KeHU S
YpoBeHb 1IyMOB 91 nb Ha BbIXOIE

EIN (3¢ dexTnBHOCTH 11O
BXO/Y)

YacroTHas
XapaKTepUCTHKA

117 nb (oTHOCUTENIBEHO BXO/a)

+0, -0,5 nb B muamazone ot 20 I'x 1o 20 kI'x

(Boabinas yacth AP-3aBucHMOCTEN B JaHHON KHUTE OblIa TOJyYeHa IPU TeCTUPOBAHUK YCH-
JIATEJIST, CXOJIHOTO € TIPUBEICHHBIM Ha pric. 6.16, Ho nMeioriero 6oree BHICOKIE HAMPSIKEHHST [TATA-
HUSI U, CJIEZI0BATENBHO, GOJTee BBICOKYIO MOITHOCTh. OCHOBHBIE OTJIMYNST 3AKTI0YATUCEH B TOM, YTO
UCII0JIb30BAIACH KACKO/IHAS CXeMa KaCcKa/la YCUJIMTEsI HATPSIKEHMsI COBMeCTHO ¢ Oydepom, a
TaKsKe BBIXOJ, OXBa4EHHBIH KOMILIEMEHTAPHOH (JOMOIHAIONEN TapHoii) 06paTHON CBA3BIO C
1[eJIBI0 CBECTH K MUHUMYMY OTBJIeKaoIue (OT CYTH JieJia) U3MEHEHUsI B [OJIOKeHUN paboveit
touku. [Ipn BbInosHEeHUN N3MEPEHNil /11 ypOBHEN MOIITHOCTH, TIpeBblalonux snadenne 100 Br
u 1ipu Harpyske 8 OM, UCIOJIb30BAJICS BAPUAHT CXEMBI C JIBYMS MAPaJlJIeIbHO BKIIOUYEHHBIMU
BBIXOIHBIMU YCTPOHCTBAM. )

6.7. CNUCOK UCNonb3oBaHHbIX UCTOYHNKOB

1. Ball, G Distorting Power Supplies Electronics & Wireless World, Dec 1990, ctp.
1084

2. Cherry, A New Distortion Mechanism in Class-B Amplifiers Journ. Audio Eng. Soc.
May 1981, ctp. 327

3. Baxandall, P Private communication, 1995

4. Self, D Distortion In Power Amplifiers Series in Electronics & Wireless World,
Aug 93 to March 94.

5. Self, D An Advanced Preamplifier Wireless World, Nov 1976, ctp. 43



maBa 7. Koppekuus, ckopocTb HapacTaHUA
BbIXOAHOI0 HanpsH)KeH1s N yCTon4nBoCTb

7.1. YacToTHas koppeKkums. ObLme nonoxxeHus

ITportiecc KOPPEKITNN B YCIJIUTEE TIPEACTABISIET TOAOG0D TAKUX 3HAYEHUH K0aDdHuIm-
€HTa YCUJIEHUST PA30OMKHYTOTO KOHTYPa U (Da3bl, IPU KOTOPDIX AAHHBIN YCUIUTENb COX-
pamsiT GBI HEU3MEHHYIO YCTONINBOCTD TIPU 3aMKHYTOM KOHTYpe 00111eit 060paTHOM CBSI3M
(OC).

Cpaszy HeoOXOIMMO OTMETHUTh, YTO UCIIOJIB3YEMBII TEPMUH KOPPEKYUsL SIBJIAETCS HEC-
KOJIBKO COMBAIOTITIIM C TOJIKY, €CJIH UMETh B BU/Y COMEP/KaHNe TaHHOM TIaBbl KHUTH.
OOGBIYHO TEPMUH MOJIPA3YMEBAET, UTO PE3YJILTAT OJIHOTO HETATHBHOTO BO3/IEUCTBUST ypa-
BHOBEIITMBAETCS JIPYTHM, BBI3BIBAIOIINM COBEPIIEHHO ITPOTHUBOINOIOKHYIO PEAKINIO,
TOT/IA KaK Ha CAaMOM JieJIe 3TOT TePMUH O3HAUaeT MPoIiece NOATOHKH KoadduiinenTa ycu-
JICHVSI PA30MKHYTOTO KOHTYPa 1 (hasbl yCHIUTEIS TAKUM 00pa3oM, 4TOGBI €ro BeTHYHA
0CTaBaIaCh BIOJHE YIOBJIETBOPUTENHHO CTAOUIBHOMN, KOT/Ia GYIET 3AMKHYTA TIET O0TITEeit
OC. Ucmosp3oBanue 9TOr0 TEPMUHA YXOIUT KOPHIMU B IAJIEKOE TIPOIILIOE, K TEM JTHSM,
KOT/Ia BCE YCTPOHCTBA aBTOMATHIECKOTO CIEKEHNST U KOHTPOJISI OBLITHN €lle MeXaHuJe-
CKUMH U TIOYTH HABEPHAKA BKJIIOYAJIN B cebst yCTPONUCTBO B BUJE Perystopa Yaiita,
TIPEICTABJISIONIETO YYTh JIN HE BEPIIUHY WHKEHEPHOM MBICIIH.

JIo6oit ycnmnTenb TpebyeT BBEIEHUST KOPPEKIIUU B CUJIY TOTO, YTO €r0 Ga30BbIil
K03((DUIMEHT YCUIIEHNST OCTAETCS BBICOKUM Ha YacTOTaX, IPU KOTOPBIX COOCTBEHHBIIT
CBUT cuTHAJIA TT0 (haze focturaeT 3HaveHus 180°. B 5TUX ycI0BUSX HA BBICOKHUX 9aCTO-
tax otpuiiarenbuas OC mpeBpaniaercs: B HOJOXKUTEIbHYIO U IPUBOAUT K BOSHUKHOBE-
HUIO PeKUMA TeHepanni, KOTOPBIH B YCHIUTEJISIX MOIITHOCTH MOSKET OKa3aThCsI IIPOCTO
katacTpodrdeckM. Crocob6oM MpeIOTBPAIIEHNST TAKOTO PA3BUTUST COOBITHH SBIISIETCST
obecriedenme Toro, 4To6bl KOIMMOUITMEHT YCUIIEHVST T[T 10 3HAYCHUST, MEHBIIETO, YEM
eJIMHNIIA, [Tepejl TEM, KaK C/IBUT CUTHAaJIA 110 ¢ha3e JocTuraeT 3Hadenusi, papuoro 180°, B
pesyJIbTare 4ero Mporecc reHeparni He CMOKeT pasdBuBaThest. Koppekiust, tTakum o6pa-
30M, CTAHOBUTCSI CYIIECTBEHHO HEOOXOIMMOT TPOCTO TOTOMY, UTO OHA JIeIaeT YCUITI-
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TeTh yeTOWYUBBIM. CyIECTBYET, OJHAKO, €Ille O/[HA IPUUNHA, TaK KaK UCITOJIb3yeMbIil
Ha TPAKTHUKE CIIOCO0 KOPPEKIIUU OKA3bIBAET CUJIBHOE BJIMSIHIE HA BEJIMUMHY MCKaXKe-
Huii B 3amkuyTol e OC.

YpoBeHb UCKaKEHUI B YCUJIUTEIE ONIPENIEISIeTCS He TOTBKO JMHEWHHOCTBIO XapaKTe-
puctuku pazomknyToii mernu OC, HO Takske KoahUIMeHTOM yCUIeHU eiCTBYIONIEN
orpuniaresibioil OC pu yCJIOBUY, UTO 9Ta LEIb 3aMKHYTa; B IIOAABJISONIEM GOJIBIITIH-
CTBE MPAKTUYECKN BAKHBIX CJIydaeB yABoeHNE Ko duIlneHTa yCuIeHns OTPUTATEb-
nvoit OC BiBoe cHMKaeT ypoBeHb nckakeHuit. [loaTomy nipu fasbHeliniemM U310KeHun
MaTepuasa aBTOp KHUTHU MTOJIaraeT, YTO CHIKEeHNE Koa(hdUIMenTa yCuieHus: pAa30MKHY-
toii er OC IpoOUCXOAUT cO CKOPOCTHIO 6 1B /oKTaBy Oarogapst HAJTUYUIO €AUHCTBEH-
HOTO JIOMHHAHTHOTO TIOJIfOCA; TPU 3TOM 3HadeHWe KoadhuimenTa ycuieHus
orpunarenbtoit OC B 006J1acTH BLICOKUX YACTOT, OCTaBasCh Ha JOIYCTUMOM YPOBHE,
ycraHaauBaiach Ob1 u3 yeaosus BU yeroitunsoctu yensurens. Kak 6v110 patee moka-
3aHO, 3TO IPUBO/INT B «OE3yMPETHOM YCUIUTENE> K HCKAKEHUSIM, BOSHUKAOIIUM TOYTH
LeJIMKOM 13-32 9P (HEKTOB, CBA3aHHbIX C IIepecedeHreM HYJIeBOr0 YPOBH 13-3a UX GoJiee
BBICOKOTO TIOPSIZIKA U, CIEZI0BATETHHO, YacTOThl. HU3KOYaCTOTHBIE YCUIUTENH, B KOTO-
PBIX IpuMeHsieTcs Gojiee coBepileHHas KOPPeKIKs, BCTpedaloTcs Heyacto. Tem He
MeHee, Ha CAMOM JIeJie [IJISI 9TOTO CYNIECTBYIOT OINpe/ieJIEHHbIE TEXHUYECKIE TIPUEMBI,
KOTOpBIE OY/IyT OMUCAHBI HUKE.

B 3T01i KHUTE TOCTOSTHHO MTO/IPAa3yMeBAETCsT ACCOIUAIIUS C TPAJAUIIMOHHBIMHU TOTIOJIO-
rUYecKUMU (TPUHIUTTHATBHBIMI ) CXeMaMU, TaK Kak He BbI3bIBAeT COMHEHUI, 4TO Yallle
BCETo IPUMEHsIeMble Ha MTPaKTUKe U 00IenpU3HaHHbIE CXEMBbI JOKa3aJIi BCEM CBOUM
MIPE/ITIECTBYIONIMM OMBITOM, YTO Y HUX TIPAKTUYECKU OTCYTCTBYIOT HEU3BECTHBIE ACIIEK-
TbI B UX IIPUMEHEHUH, 1 OHU CIIOCOOHBI 00€CIIEYNTh OYeHb BLICOKYIO JIMHEIHOCTD XapaK-
TEPUCTUKH. A TAKOW MOJIXO/I MOIPA3yMEBAET KJIACCHUECKOE TPEXKACKAIHOE TTOCTPOEHNE
CXEMBI C UCTIOJIb30BAHNEM Ha BXOJIE YCUIUTEIS TOKA, YIIPABJISEMOTO HapsyKeHueM (-
BXOJIa C BBICOKOI KPYTH3HOU XapaKTEPUCTUKH ), KACKA/IA YCUJIUTEIST HAITPSKEH ST, yIIpa-
BJISIEMOTO TOKOM, ¥ BBIXOJIHOTO KacKajla ¢ eIMHUYHBIM KOI(hDPUITUEHTOM YCUTICHUS.
OtpuuarenbHas 0OpaTHAs CB3b SBJIAETCS OOIIEil 11 BCeX KacKagoB, KOTopasl, OfHa-
KO, HEHaBSI3UMBO IePeaeTcsl ¢ MCHob3oBaHreM KoHaercaTopa Cdom takum o6pasom,
9TOOBI C YBETUIEHIEM YACTOTHI OKA3aThest JTOKaTbHOU OC UCKITIOUNTEIBHO [JIs KACKA-
Jla YCUJTUTEJIST HAalTpsiKeHusT. Takke BOBMOKHBI U JIPYTHE BAPUAHTBI TOCTPOEHUST CXEM:
NIBYXKACKA/IHBIN YCUJIUTENTh C UCIIOJIH30BAaHUEM HA BXOJIEe YCUJIUTEST TOKA, YIIpaBJisie-
MOTO HAIPSIKEHUEM, ¥ BBIXOJIHOTO KacKaja ¢ eIMHNIHBIM KO3(hMUITUEHTOM YCUTEHHS
TaKsKe [IPEACTaBJIAETCs BIIOJIHE peasbHbiM (00b14HO BbinosHsgercsa Ha KMOII onepaim-
OHHBIX YCUJIUTESIX), OMHAKO OH, BEPOSITHEE BCETO, HE SIBJISIETCST TIOJTHOCTHIO COOTBET-
CTBYIONUM TIOCTABJIEHHBIM IEJISIM C TOUYKHU 3PEHUS BEJTMUNHBI TOJTHOTO KOMIIJIEKCHOTO
COTIPOTHUBJICHUST YCUTUTEJS MOITHOCTHU. /[pyroii BapuaHT MOCTPOEHUS CXEMBI C BXO/I-
HBIM KaCKaJIOM C YCUJIEHUEM I10 HAINPSIKEHUIO OMUChIBaeTcs B riiaBe 11; Takike MOXKHO
obpatuthest K pabore Orana (Otala) [1], B KOTOpO# oMicaH 9KCTPaBaraHTHBIN YeThI-
PEXKaCKaHbBIN YCUINUTEND, B KOTOPOM UCIIOJIb3YETCsT MaJloe 3HaYeHNe YCUJIEHIST PA30M-
KHYTOil 1emnu, papHoe 52 nb (6arogaps HACTORYMBOMY KCIIOJIB30BAHUIO JIOKAJIbHOI
OC), u K0a(pHUIUEHT YCUIEHUS C BEJIUYUHOMN, paBHOI TobKO 20 1B mis o6mmeit OC.
TeMm He MeHee, 60JIbIIIast YaCTh TOI [VIaBbI IIOCBSIIEHA TPAAUIUOHHBIM TPEXKACKAIHBIM
BapUaHTaM CXEMBI.



214| TJABA 7. KOPPEKLUUA, CKOPOCTb HAPACTAHUS BbIXOAHOIO HAMPS)XEHUS

7.2. KoppeKuusi LOMUHAHTHOIO Nostoca

Koppexius (4acToThl, MOJIOKEHHUS ) JOMUHAHTHOTO MOJIIOCA IPEACTABJISIET COOOH Mpo-
CTEUIHii coryvail, XoTs ee feficTBUE eBa pasandumo. HeoOX0auMo mpocTo B3sITh HU3-
muii (o mopsgaky) mnosioc (¢ yacroroit P1) u caenath ero AOMUHUPYIONINM, T.€.
HACTOJIBKO HU3KUM TI0 YaCTOTE MO0 CPABHEHUIO CO CJAEAYIONIMM TI0 MOPSAKY TTOJTI0COM
P2, uto obiiiee ycusenue tenu o6paTHON ¢BsA3M (T.e. yCUJIEHNE ¢ PAaSOMKHYTOI 06paT-
HOH CBSI3b10, KOTOPOE YMEHBIIIIOCH 32 CUET 0CTabJICHNUS B 1IeI 00PaTHOI CBSI3M) CHU-
3UJI0CH Obl HUZKE 3HAUEHUSI, PABHOTO €IMHUILE, 10 TOTO, KAK YBEJMUYECHHE YIJIa C/IBUTA
currana 1o (ase Moryio 65 IPUBECTH K peskuMy rereparin B BU obmactu. B coywae
€JIMHCTBEHHOTO Tosioca ((PYHKIIUM) yCUIeHHWe TOJIKHO CHUIKATHCS CO CKOPOCTBHIO
6 1B ,/0KTaBy, COOTBETCTBYSI MOCTOSTHHOMY (DasoBoMy caBuTy, paBHoMmy 90°. Taknm o6pa-
30M, HEOOXOMMBIET 3amac 1o (asze coctaBut 90°, obecreunBast XOPOIIYIO YCTONUMBOCTb.

Ha puc. 7.1 npuBoauTcst BApMaHT TPAJUIIMOHHOTO MeTo1a MuJiiepa 1o (popmupona-
HUIO IOMIHAHTHOTO TIOJTT0ca (TPAaHUYHOM YacTOTHI HaYaJIa crajia XapakKTepucTukm). I'pa-
HUYHAST 4aCTOTa Ha KoJUIeKTope TpaHsuctopa TR4 moHmKaercst myTeM 106aBIeHsT
BHEIIHEro KoHeHcaTopa Musuiepa, nmerorero eMkoctb Cdom, K TOi eMKOCTH, KOTOpast
M3HAYATBHO CYMIECTBYET KaK COOCTBEHHAST EMKOCTh KOJITIEKTOPHO-6a30BOTO TTEepexo/a
Cbc TpanHsucTopa B Kackaje yCuauTess HanpskeHnst. [IoMruMo JaHHOTO, O/[HAKO, BO3-
HUKAeT elre Psiji IPUHOCSIINX BBITOY 9 (DEKTOB; BBe/ICHUE IOTIOTHUTENbHON eMKOCTH
Cdom npuBOAUT K pacIIeNIeHIIO MoJ0ca (DYHKIMU, TIPU KOTOPOM 10JII0C ((DYHKITNN )
Ha KoJuleKkTope Tpanaucropa TR2 cmelaeTcs Bbllile 110 4acToTe, TOr/[A KaK 3HaUYeHHe
yacrorbl P1 cMemaercs BHu3 — GoJiee Bcero HeoOXOAUMbBIN pe3yJibTaT A1t o0ecIiedeHnst
ycroitunBocT yeuautessa. OHOBpeMeHHO ¢ 3TUM MecTHad orpuiiarenabHas OC, aeti-
cTBytoIas yepes kongeHncarop Cdom, obecreunBaer 6ojiee BBICOKYHO JIMHEHHOCTh
KacKa/la YCUJIUTEJIS HAIIPSIKEeHUS.

Ecymi npuHSATH, 4TO KPyTH3HA HAa BXOJIE 3a[aHa BIIOJIHE TPABIOTIOJ0OHBIM 3HAYEHHEM
5 MA/B, a u3 coobpakeHUIl yCTONUMBOCTH MaKCUMaJIbHOE 3HaUeHHe Koa(duiinenTa
yCUJIeHUsI Pa3OMKHYTOM 1enu Ha yactoTe 20 kI Oyaer npunaTo pasubiM 50 1B, TO

OKOHEYHBII
Kackan,

. ©
TR2 TR3
Cx ) @
CIlJ
TR4
R4
C AByMSA noarcamn
a) 6) 8) r)

Puc. 7.1. (a) TpapuumoHnHbii MeTos Munnepa co3aaHus BOMUHAHTHOMO
nonioca. (6) LLlyHTupylowas koppekums sensetcs ropaspo meHee b dek-
TUBHBIM METOAOM — YBENUYEHUE KONNEKTOPHOM EMKOCTU KACKAAQ Y CHAK-
Tens HaNpPSXXeHWs OTHOCHTENbHO 3emny. (B) Brntouatowas (MHKM03MBHAS)
koppekuus Munnepa. (r) OeyxnoniocHas koppekuus
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COTJIACHO PacyeTy ¢ NCIT0Tb30BaHNeM ypaBHenni 3.1 — 3.3, mpuBeienHbIX B pasene 3.1
kuury, sesmuraa Cdom Oy et paBha 125 nd. Jroro 3HaveHust Goiee, 4eM JOCTATOTHO,
4TOObI IOAABUTH COOCTBEHHYIO EMKOCTh TPAH3UCTOPA KaCKaJa yCUIUTE IS HAIIPSIKEHIs],
6oJiee TOTO, Ha MPAKTUKE JOCTATOUHO YACTO WMCIIOJIb3YETCsT MIMEHHO TaKOe 3HAYCHUE
E€MKOCTH.

Bennyuna nukoBoro (MJM aMIIUTYHOTO 3HAYEHWST) TOKA, KOTOPBIN MOCTYIAET
U TIepeIaeTcst U3 KOHJleHcaTopa Ha BbIX0/| TPy 3Hayenun Hanpspkenus 20 B (cpennek-
BaApaTHYHOro 3HayeHus Ha yacrore 20 kI'1r), Oyzer cocraisarh 447 MKkA. Tak kak BXoz-
HOW KacKaJl 0JKeH OTPebJIsATh TOK, IpoTeKauil uepes koHaeHcatop Cdom B TO
BpeMsI, KOT/Ia KOJIJIEKTOPHAsS Harpy3Ka KacKajla yCUIUTe sl HAIPSIKEH ST TTUTAET €ro, 1,
€ TOYHOCTBIO 10 HAOOOPOT, BXOAHON KacKa/l IOJKEH MTUTaTh KOHIEHCATOP, KOT/Ia KacKa/l
YCUJIUTE/ISI HAIIPSIKEH S BBICTYIIAET B KauecTBe HOTPeOUTe s, CYIIeCTBYET YeThIPe BO3-
MOKHbIE IPUYMHBI, KOTOPBIMI MOKET ObITh OTPaHIYeHa CKOPOCTh HapacTaHKsl HaIIps-
JKEHUsI 3a CYET HeaJeKBATHOU CIIOCOOHOCTU MOTPEOJISITh TPOXOASIIUI TOK; €CJn
BXOJHOI KacKaJl CIPOEKTUPOBAH IIPABUIbHO, TO OOBIYHBIM JUMUATUPYIOIUM GaKTOPOM
OyZIeT SIBJSATHCS CIIOCOOHOCTH OTIAUM TOKA KaCKa[0M YCUJIUTE ST HapsiKeHust. B maH-
HOM IIpHMepe COBEPIIEHHO He OyAeT IPeACTaBIATh IPOOJIeM TMKOBbINA TOK BEJTUYNHON
MeHee 5 MA, a 3HaueHKe MaKCHMaJIbHOU YacToThl aJist unslewed Bbixoma Gyaer umerhb
JOCTaTOYHOE yI00HOe 3HaueHue, pesbiiaonee 20 kI,

7.3. Koppekuusa Ha oTcTaBaHue no ¢ase

Ha puc. 7.16 npuBoauTcs ropasao MeHee yIOBJIeTBOPUTENbHBIN CII0CO0 BbIMOJHEHUS
KOPPEKITNH — YBEJINYEHNE eMKOCTH OTHOCUTEIBHO 3eMJIN KOJJIEKTOPA KaCKaJa yCHIIN-
TeJisl HanpsikeHus. Takoil c11oco0 0ObIYHO HA3bIBAETCSA METOIOM IIYHTUPYIOIIE KOp-
peKIuu uian KOppekiuell Ha 3anasjapiBanue (orcraBanue) 1o (asze, wim, Kak
IIpeAoUnTaI XapakTepusosath ero Iurep Bexcenmgamn (Peter Baxandall) [2]: «Mero,
BO BCEX OTHOIIEHUSX IBHO He ONITHMAJIbHBIN>. Kak yike ObLIO IPOAEMOHCTPUPOBAHO B
paszesne 4.20 KHUTH, UCTIOTH30BaHUE PE3UCTUBHON HATPY3KH KOJIJIEKTOPA KacKaa yCu-
JINTEJIST HANIPSIKEHUsI OTHOCUTEIBHO 3€MJTH SIBJISIETCSI BECbMa CKBEPHBIM BADUAHTOM JIJIST
CHUIKEHUST HUBKOYACTOTHOTO Koadduimenta ycunenns pazomkuyToii ettt OC. Cosep-
IIIEHHO aHAJIOTUYHbIE ADTYMEHTBI TTOKA3bIBAIOT, YTO UCIIOJIb30BaHNE EMKOCTHOM HArpy3-
KI OTHOCHTEJIbHO 3€MJIU B HEJISIX KOPPEKIIMN TIPEACTABIISIET COOOH aske ele XyAlnit
BapuaHT. J[Jis1 TOro 4to6bl yMEHbIUTH KO3 GuineHT yeunenus pasoMkuytoii e OC
na yacrore 20 k[ 1o 3naverus 50 1B, BemunHa eMKOCTH ITYHTHPYIONIETO KOHIEH A~
TOPA, KaK 1 B TIPEBIAYIIEM CJydae, T0JUKHA cocTaBiaTh 43,6 nMD, 3navenue, KOTopoe
SIBJISIETCST BEJIMYNHOM COBCEM JIPYTOTO TIOPSI/IKA 110 CPABHEHUIO C BEJIMUUHON eMKOCTH
125 n®. Bemnna BXOAIIETO U BLIXOJANIETO ToKa KongeHcaTopa Cl, g IIp1 BeTnInHe
nanpsokenns 20 B cpennexBaapaTiaHoro snavenyst u yactore 20 kI cocraBut 155 MA
aMITIUTYIHOTO (MJIM TIMKOBOTO ) 3HAUECHUS, UTO MOTPEOYET IPUHSITHST CIIEeIMabHBIX CXe-
MHBIX Mep /It ero obeciiedeHust. TOT BeCbMa BasKHBIN Pe3yJIbTaT IIOJIyYeH IPOCTHIMU
pacueTaMi, a TaKKe MMOATBEPKIEH Pe3yIbTaTaMUi MOJIETUPOBAHUS C UCIIOJb30BAHUEM
mporpammbl SPICE. BxogHoii kackaj 6osiee He Oy/IeT CO3/[aBaTh OTPAHUYEHHSI HA CKO-
POCTb HapacTaHKs, KOTOPble OyAYT B IaHHON CUTYyal[Mi 3aBUCETh TOJIBKO OT KacKaja
VCUTUTEJIS HATTPSIKEHUSI.
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Kackan ycnuresis HanpsiKeHus, pabOTaloNMi IPU TaKUX YCJIOBUSAX, Oyaer obma-
JaTh IJI0XO0M JIMHEHHOCTBIO XapaKTePUCTUKHU. VI3MEHEHUs] KOJIEKTOPHOTO Toka ¢
Kackajla yCUJIUTE IS HalPSIKEHUS, BBI3BAHHBIE JIOTIOJMHUTEIbHBIMYA 3HAYUTETbHBIMU YBE-
JIMYEHUSAMU HArpy3KH, Oy/1yT BbI3bIBATh JAOMOJHUTEIbHbIE HCKAKEHUS, U OYIeT OTCYT-
crBoBath orpuriatenbias OC, mogaBaeMast yepes KoHpeHcaTop Musiepa u crocobHast
KOPPEKTHPOBATh TaKMe U3MeHeH M. UTo elle MOKeT A0MOJHUTETbHO YXY/IIIUTh CUTYya-
IO, TAK HTO TO, YTO, BEPOSITHEE BCETO, 3HAYEHKE YAaCTOThI JIOMUHAHTHOTO moJoca P1
JOJKHO Oyz1eT GbITh YMEHBIIIEHO M0 CPAaBHEHHIO ¢ BAPUAHTOM KoppeKinn MuJiiepa as
TOTO, 4TOOBI 0OECTIEYNTh TOUHO TAKKE K€ TPAHUIIBI YCTOWUMBOCTH, TAK KaK B 9TOM CJIy-
dae Oy/leT OTCYTCTBOBATD PACIIEIJIEHIE OIIOCOB /IS YBEIMYEHNS 3HAYEH ST YaCTOTBI
HOJII0CA Ha KOJUIEKTOPEe BXOAHOTO KacKajaa. CieoBaTebHO, BEJIMYNHA eMKOCTH KOH-
nencaropa Clag MOXKET HMOHA00UTHCS Taxe etie Goubine, yeM 43 HD, 4to nmpuBeneT K
ertte GOJIBITMM 3HAYEHUSAM TOKA.

Taxaxamm (Takahashi) [3] ony6iikoBas 3amedareibHY 0 paboTy IO JAHHOMY ITOBO-
1y, yKa3aB B Hell Ha OJ[UH C1II0co0 reHepari HeHOPMATbHOTO 3HAYEHUST KOPPEKTUPYIO-
IEro TOKa, HEeOOXOAMMOTO JUJIsi XOPOIlel CKOPOCTH HapacTaHus. EJWHCTBEHHBIM
OTCYTCTBYIOMUM (haKTOM SIBJISIETCS OOBSICHEHNE TPUYMHBI TOTO, TOYEMY JKe, COOCTBEH-
HO TOBOPSA, ObLI BBIOPaH UMEHHO TaKOH ¢rioco HIyHTUPYIONIEH KOPPEKIIUH.

7.4.BnusiHne BbIXOAHOro Kackaaa: MHKMo3nBHasa koppekuusa Munnepa

MeTo/1 KOppeKIUK ¢ UCTI0JIb30BAHUEM KOHJIeHcaTOpa MuJiiepa 10CTaTOuHO 3JIeTaHT-
HO pellaeT OAHOBPEMEHHO HECKOJIBKO IIPOOJIEM, IOITOMY PelleHUe UCIIOIb30BaTh ero
sIBJIsieTCST ecTecTBeHHBIM. OTHAKO BOIPOC, BKJIIOUATH JIM BBIXOJHOW KACKaJl B I€Ib
obparHoii cBsi3u Musuiepa, SIBJIsIeTCsl 1aJieKO He TaKUM MPOCThIM. Takoe BKIIOYEHME
kackazia (cM. puc. 7.1B) npeaocTaBisger IPUBJIeKaTelbHYI0 BO3MOKHOCTh TOTO, YTO0OBI
mectHasg OC Moruia 6bI 00eCIeYnT JMHEHHOCTh KaK KacKajla yCUJIMTEIs HAlIPSKEeH N,
TaK 1 BBIXOJIHOTO KaCcKa/a, TOIa KaK IIPKU 9TOM He OKa3bIBaJI0Ch Obl BAMSAHUS Ha BXO-
HOI KacKaJ| TP yBEJIWYEHUH YaCTOTHI M CHHUKEHUN KoadduiineHTa ycuaeHus obiiei
orpunarenbioii OC. Takas uges kaxercs elle 6ojiee MPUBJIEKATeIbHOI, TaK KaK OHa
MorJia Obl 3HAYMTENbHO yBearnunuTh 0611yi0 OC, criocobHyIo 00ecnednTh BbICOKYIO
JIMHEWHOCTH BBIXOJIHOTO Kacka/a Kjaacca B, uaHayabHO 1peapaciosoKeHHOro UMeTh
BBICOKHUI YPOBEHb NCKAKEHU.

Be3s comHens, B TaKWX pacCysKIEHUSIX €CTh U3BECTHAS TTPaB/Ia, KaK U TIOKA3aJl aBTOP
KHUTH B cBoell pabote [4], B koTopoii pacipocrpanenue aeiicteug Cdom Ha BBIXOLHON
KaCKaJl, & TAK)Ke W Ha KaCKaJ[ yCUJIUTEIIST HATIPSIKEHM S, TTO3BOJIMIIO CHU3UTD AMILITATY/I-
Hoe (NMKOBOe) 3HaueHue (HO He CPeJHEKBAJ[paTUUYHOE 3HAUYeHUe) Koadduimenrta
HeJIMHEeNHbIX nckaxkennil Ha yacrore 1 kI'n co snauenus 0,05 % no snavenus 0,02 %.
O/HaKo, KaK cyrTaeT HeOOXOAUMBIM OTMETUTh aBTOP KHUTH, BBIXOAHOI KacKajl COBep-
IIEHHO OCO3HAHHO HAXOJUJICS TI0JI MEHBINUM (110 CPABHEHHIO C ONTUMAJbHBIM) CMe-
HIeHreM, YTOObI 0OECIIeYNTh BOSHUKHOBEHNE IIMYKOB IIPY TIEPEX0/Ie HAIIPSAKEHUS Yepes
HYJIEBOW yPOBEHD TIOTOMY, YTO MTPHU ONTUMAJbHOM 3HAYEHNN HATIPSKEHUST CMEIIeHHST
YJLYUIIeHUSsT, XOTS TaKKe BIIOJIHE peajibHbIe, ObLIN CIMIIKOM HE3HAUNTEIbHbI JISI TOTO,
4T0OBI OBITH MO0 YOeAUTENbHBIMU, JTUOO0 ObITh Majo3HaYaIUuMu. Jpyroii 1 BecbmMa
CYIIECTBEHHBIII MOMEHT 3aKJII0UAETCS TAKKE B TOM, UTO B JIAHHOU MOJIENN YCUJIUTES



7.5. BIOXKEHHbIE MET/IM OBPATHOM CBA3U [2717

HCIIOJIb30BAJIMCh B KaueCTBE BBIXOAHBIX TPaH3UCTOPHI THIa TO-2, Tak Kak 110 coOCTBEH-
HOMY OIIBITY aBTOPa KHUTHU JI0Oast TEXHMKA COBEPUIEHHO He CIoCOOHA HOPMaJIbHO
(DYHKIMOHUPOBATH IIPU UCIIOIb30BAHNU PEAIbHBIX MOLIHBIX GUIIOJIIPHBIX TPAH3UCTO-
POB, CTPEMSIIUXCS HACTOWYNBO BbI3bIBaTh BY rerepaiinio. ITo siBJISIETCS TAKIKe JI0TT0J-
HUTETHHBIM 0KA3aTENbCTBOM, YTO MHKIIO3UBHASI KOPPEKITNS B TE€X CJYUAsIX, KOT/Ia OHA
MOJKeT 00eCIIeYnTh YCTOMYMBOCTD, BCe-TaKU SIBJISIETCS TOPas3ao MeHee a(hheKTUBHOI,
KOIJ[a UMeelb JeJI0 ¢ OOBIYHBIMU UCKAKEHUSIMU, BbI3BAHHBIMU [IPU IIEPEXO/ie Yepes
HyJIEBOE 3HAUEHUE, 110 CPABHEHUIO C ITYKAMM, BIIOJHE 00JyMaHHO BHOCUMBIME B CXEMY
3a CUET MEHBIIIEr0 10 3HAYEHNIO CMEI[EHMSI.

Wcnosb3oBatue mectroii orputiaresbioil OC st obectiedeHus TMHEHHOCTH KacKa-
JIa YCHJIUTEJIsT HAlIPSKEHUsT TPeOYeT UCIIOMb30BAHUST CUITBHOM CBSI3U ¢ MUHUMAJIbHBIM
JOTIOJTHUTENBHBIM (Pa30BBIM CIBUTOM 3a TIPEJIEIbI, KOTOPBIE OTPEIESIOTCS B IOMHU-
HaHTHOM MoJiioce Koraencaropom Cdom.

SBisieTcs AOMYCTUMbBIM UCIIOJIB30BATh B I[ENN ITOMN JIOKAJIBHOM CBI3U KACKOJ WJIN
MaJIOCUTHAJIBHBIN AMUTTEPHBIN TOBTOPUTEb, OJIHAKO, IPEJACTABISIETCS, UTO MEJJIN-
TEJTbHBIN BBIXOHOHM KacKajl HAYHET OTO/IBUTATH yauy OYeHb JTATEKO, MOJIOCHI BBIXO/I-
HOTO KacKajia OKa3bIBAalOTCS BOBJIEYEHHBIMU B IEIIb 00PAaTHOI CBSI3U, KOTOpask TepsieT
cpoto sapucumyto BY ycroitunsocts. 5ob Yupiep (Bob Widlar) [5] ykasai, uro nmose-
JleHU€e BBIXO/IHOTO KaCKa/la B yCTPONCTBAX, KOTOPbIE JOJIKHbI TPU3HABATHCS HAJIEKHbI-
MU, JIOJIZKHO YeTKO KOHTPOJIMPOBAThCs HA yacToTax BIIOTH /10 100 MT'11, omnako, Takoe
TpeGoBaHUE He MTPEACTABISETCS BIIOJHE PEaJbHBIM B IMCKPETHBIX KACKAAX YCUICHIISI
MOTITHOCTH C U3MEHSIEMON BETMUNHON HATrPY3KH.

W X0oTs1 aBTOP JAHHOW KHWTH 0 CHX MOP caM He 00HAPY KU [TOJE3HOCTH TIPUMEHE-
HUS MHKJIIO3MBHOM Koppekuyuyu MuJuiepa, y ApyTruxX MOXKeT ObITh COBEPLUIEHHO HHOEe
MHEHME 10 9TOMY BOIIPOCY, ¥ €CJIU KOMY-JIMO0 YAACTCS TIPOJIUTh JOMOJIHUTEIbHBIN CBET
Ha 9TOT BOIIPOC, ABTOP KHUTU OyeT Ype3BbIUAlHO 3aUHTEPECOBAH ITHM.

7.5. BnoXxeHHble NeTnv o6paTHOM CBS3U

BiiosxkenHas (1in rHesoBast) oOpaTHas CBSA3b PEACTABISIET TAKyIO CBsI3b, KOTOpast
[I03BOJIIET YCUJINUTD BodzeiicTeue orpunaresibioii OC Ha BbIXOAHOI Kackaz 6e3 yBe-
andenus koaddunuenra ycuaenus obuieit obparHoii ceasu. Ha Bbixomge mmeercs
JOMOJHUTEIbHBIN KacKaJl YCUJICHUST HAIIPSIZKEHUS ¥ 1IeIb MECTHON 00paTHOMN CBSI3U
OXBaThIBaeT JiBa 3TuX Kackaja. /lanuas orpunarensuas OC, oxBarbiBaiolas Takon
COCTAaBHOU BBIXOAHOM OJIOK, yMEHbIIAeT UCKAKEHI B BBIXOJAHOM OJIOKE ¥ HMEET pac-
[IUPEHHYTO YaCTOTHYIO XaPAKTEPUCTUKY, € TeM YTOOBI 0bectieunTnh GoJiee Ge30MmacHoe ee
BKJIIOUEHHME B Iielb 001eii orpunaresbaoii OC.

[Ipeanonoxum, uto 610k Al (puc. 7.2a) npeacrapiasieT MaJTOCUTHAIbHBII YCUIUTE b,
He UMEIOINN MCKaKeHHiT, 06ecednBaloIInii TOJHOE YCUIeHe PAa3OMKHYTON IIenu
00paTHOH CBA3U 1 II09TOMY BKJIIOYAIOMINI B ceOst JOMMHAHTHBII oJmoc. Biok A3 npex-
CTaBJIIeT BBIXOAHOM KacKal ¢ eJUHUYHBIM YCUJIEHUEM CO CBOMM COOCTBEHHBIM JOMM-
HAHTHBIM TT0JTI0COM Ha yacToTe 1 MI'Tl 1 ypoBHEM HeJIMHENHBIX NCKAYKEHN I, paBHBIM 1
% TIpU JAHHBIX YCIOBUSX. ITOT JOMUHAHTHBIN TTOJTIOC ¢ YacToToit 1 M I yctanaBanBa-
€T JKeCTKIe OrpaHUYeHMs Ha BeJuduHy obiieil orpuriatesbHoil OC, KoTOpast MOKET
OBITH IPUIIOKEHA O3 OMACHOCTH TToTepu yeroiturBocTy . Ha puc. 7.26 mokasaH BapuaHT
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Puc. 7.2a. CranpapTHas ogHOKOHTYpHAas obuwas otpuuatensHas OC

T A, S — A@
©

Puc. 7.26. Bnoxennas OC

BhITIOJTHEH U BioskeHHOM OC; BBE/IEH HOTIOTHUTEIbHBIN OJIOK yeuneHust A2, ¢ BBele-
HUEM MECTHOI 00paTHOI CBsI3U B BBIXOJHOM Kackaze. Y 0s1oka A2 koadduineHT ycu-
JIEHWSI UMEET JIOCTaTOYHO CKPOMHOe 3HaueHue, paBHoe 20 nb, moaTtoMy mmeeTcs
JIOCTATOYHO BBICOKAsT BEPOSITHOCTh COXPAHEHUST YCTOMYMBOCTH, Kor/a arta mermb OC
3aMbIKaeTCs, YToOBI CyMMapHbIil KoadduireHT yeunerus 6J10kos A3 u A2 npuHuMaI
3HayeHue, papHoe exunuie. Kosdduumenr yeunenns orpunaresnptoit OC 6moka A2
npuauMaet 3HaueHue 20 1B, ymeHbI1asg ypoBeHb HEJIMHENHBIX NCKAKEHU 10 3HAUe-
nus 0,1 % u cMelnast BBEPX 10 4acTOTe MOJIOKeHNE JOMUHAHTHOTO MOJIIOCA K 3HAYEHUIO
10 MI'1, 4TO MOKET [TO3BOJUTH UCII0Ab30BaTh OoJee cunbayio Ha 20 16 0011yIo oTpu-
narensuyio OC B 00uieM KOHTYpe, 0XBaThIBaloIeM Takxke 1 610k Al. Takum cmoco-
60OM yaJI0Ch CHUBUTH MCKaKEHMs, KOTOPbIE CYLIECTBOBAJIMU 0 HPUIOKEHUs 0011el
otputatesbHoil OC, a TakKe 0JJHOBPEMEHHO C 3TUM yaJIOCh YBEJIUYUTD BEJTMUUHY
o011eit oTpUIaTeIbHOM 06PaTHON CBSI3U, KOTOPYIO MOKHO HCIIOJB30BATh C TOUKH 3pe-
HUSI TapaHTUPOBAHHOTO COXPAaHEHUs YCTOMYMBOCTH, 00EIast P HTOM, YTO OKOHYA-
TeJIbHAsl JIMHEWHOCTDh MOJKET OBITh JOCTATOYHO BBICOKOW. J[pyroil TeopernyecKuit
npuMep npuBoauTcs B pabore Ieprwuu (Pernici) u ap. [7].

Peanbublil ipuMep MCIIOJIB30BAHUS JIAHHOTO TEXHUUECKOTO TTPUEMA B YCUIUTEISAX
MOITHOCTH HAWTH HE TaK-TO IIPOCTO, OJTHAKO OH OYEHb MIMPOKO MPUMEHSIETCS B oliepa-
[MOHHBIX yeusuresisx. KeraTu, y o4eHb MHOTHX Pa3pabOTUMKOB anmaparypbl BOSHUKIIO



7.6. ABYXMOJIOCHAS| KOPPEKLMS [279]

HeJOYMEHHUe, YTO UX TakK Topsado Jrobumsble (Buaumo, mogean OY) 5534 umeror takoe
HU3KO0e 3HaueHue Koa(duiirneHTa HeIMHEHHBIX MCKasKEHUH BIJIOTD JI0 BBICOKUX YaCTOT.
N3yuyenue ero COKPOBEHHBIX BHYTPEHHOCTEH OTKPBLIO HAJNYKME TPEX YCUIUTETHHBIX
KacKaJI0B C BHYTPeHHeH 1enbio Muirepa, 0XBaThIBAfONEH TPeTUH KacKa/l, M BHETITHEN
1erbio Mujiiepa, OXBaThIBaIOIEil BTOPOI U TPeTHil KacKabl; 00I1ast OTpuIlaTeIbHast
obpatHast CBA3b 0XBaThIBasa Bee 61oku nesnkom. [Tpuem koppekim Muiiepa 3a caeT
ucnosb3oBanus Broxkernoit OC poctur csoero arores B KMOII onepaiinoHHbIX ycu-
JINTEJISAX — B CYIECTBYIONIEM B HACTOsIIee BpeMs PEKOPHOM BapuaHTe [7] ucrosb3y-
eTcst TPHM BJIOKEHHBIX Ienn Muiiepa mioc ogHa obmiast orpunareabias OC
(HACTOSITESIHHO HE PEKOMEH/IYETCSI TIBITATHCST BOCIPOU3BECTH TTO00HOE B TOMAIITHUX
ycaoBusx). Bosee moapobHoe onncanune reopun BiaoxkeHHo OC MoskeT GbITh HallIEHO
B pabore Ckorra (Scott) u Cnupca (Spears) [8].

7.6. isyxnontocHas KoppeKkuus

[ BYXIIO/TIOCHAST KOPPEKIIHSI XOPOIIIO M3BECTHA B KAYECTBE ITPUEMA, TIO3BOJISTIONIETO «BBLKATHY
HAWJIYYITTHEe XapaKTePUCTUKY 13 oTieparionHoro yerutens [9], [10], omrako, on gocratou-
HO PEJIKO UCTIOJIB3YETCs B YCUITUTEISIX MOIITHOCTH; € IMHCTBEHHBII U3BECTHBII aBTOPY KHITH
npuMep HaiizieH B pabote Yumepa (Widlar) [5]. lomosHuresbHas BY nocrostHHast BpeMe-
HE BBOJIUTCSI B 1IelTh ¢ KoHzaeHcaropom Cdom, obecrieunBasi, TeM CaMbIM, XOJ] 3aBUCUMOCTH
YCHUJIEHNSI, XapaKTePHOI 111 pasoMkHyTol nerm OC, 1yist KOTOpoil cHauasia HabJrrofaeTcst
CKOPOCTbD CIaJIa XapaKTePUCTUKH, paBHasd 1ouT 12 1B /oKTaBy, O/IHAKO, KOTOpas, 10 Mepe
YBEJIMYEHUSI YaCTOThI, IOCTENIEHHO BO3BPaIlaeTcst K 3HaueHuio 6 1b/okraBy. 10 u3MeHe-
HIIE MOAGMPAETCS TAK, YTOOBI TIPOUCXOANTD KAK Pas Mepe/] TeM, KaK JOCTHYb JIMHUK ¢INHIY-
Horo Koadduimenta ycunenus. [10aroMy ycroiunBOCTh MOKET ObITh TOYHO TaKOM e, KakK
1 B CJTy4ae OOBITHOI CXEMBI ¢ IOMUHAHTHBIM TTOJTIOCOM, HO € YBETTMYEHHBIM 3HAYEHUEM KO-
(urenTta oTpuIaTebHON 0GPATHON CBSI3M Ha YacTH PabOUYero YacTOTHOTO J[HAIa30Ha.
Boutee 6bIcTphIi criazi Ko hUIEeHTa YCUICHNS 03HAYAET, YTO MAKCUMAJBHAS TI0 CHJIE
obparHasi CBsI3b MOKET ObITh IPUIIOKEHA 10 00J1acTy GoJiee BbICOKUX yacToT. Ha yacrornoi
XapaKTePUCTUKE 3aMKHYTON 0OGPATHOI CBSA3H B CEPEJINHE TIOJIOCHI OTCYTCTBYET MUK, KOTO-
PbIii MOKHO GbLTO ObI 3aHKCHUPOBATH TIPUOOPHBIMEI METOIAM.

Jliist mo6oro pazpaborynka ObLIO Obl COBEPIIEHHO CIIPABEJIMBO OLLYLIATh OECIIOKOI-
CTBO OTHOCHTENTBHO JTIOOBIX TIIATOB, KOTOPBIE MOTJIH GBI YBEINUUTH KOa(DGUIHEHT 0TpHTia-
tesbHol OC; yeuIuTe i MOMIHOCTY PAOOTAIOT TIPU PA3JIMUHBIX YCIOBHSIX, TOATOMY TPYIHO
OBITH YBEPEHHBIM, YTO CXeMa Beera GyIeT OCTaBaThCsl YCTONYUBOI TIPH JTIOOBIX 06CTOSI-
TEJBCTBAX. DTO 3aCTABISACT PazpaboTunKa ObITh HECKOIBKO KOHCEPBATUBHBIM B OTHOIIIE-
HUU JIEHCTBUST KOPPEKIIUH, & ABTOP KHUTH BCET/[A OTHOCUTCSI K PEIIEHHIO IAHHOM POOIEMbI
C HEeKVIM BHYTpeHHNM TperieToM. OIHAKO pe3yJIbTaThl Yallle BCEro OKa3bIBATNCH IIPOCTO IIpe-
BOCXOHBIMU €3 3aMETHOTO CHIZKeHUsI yeroiunBocti. Harmpumep, Ha puc. 7.4 IpUBOIUT-
CsT IOCTATOYHO XOPOIIUE Pe3yJIbTaT OT MCIOJIb30BAHMS JIAHHOTO IIPUEMA B OTHOIIEHUN
yCUIIUTESIsI Kacca B, cxema KOToporo npuBoguTcs Ha puc. 7.5.

[Tpocreiinmii crioco6 UCONB30BATH ABYXITOTIOCHYIO KOPPEKITUIO TPUBOIUTCS HA PUC.
7.1r, TaM jKe TPUBOISTCS CTAaHIAPTHbBIE 3HAUEHUS BEJTMUMH 2JIEMEHTOB cXeMbl. KoHieH-
carop C p1 IOJIKEH MMETh TOYHO TAKYIO JKe BEJIMIIHY eMKOCTH, KaKast ObL1a 6bI HE0OXO-
mMa ,ZUIH obecrieueHrst  yCTOWYMBOM BYXIOMIOCHON KOPPEKIMH, a €eMKOCTh
KOHJIEHCATOPA Cp2 J0JKHA ObLia Obl ObITh, 110 KpaliHeil Mepe, BBOe OOJIbIIIE; BeJTMUNHA
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2POLE2.CIR Conceptual transconductance+current-amp-VAS. 18 Nov 93
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Puc. 7.3. 3asucmocTb K03 PULMEHTA yCHNeHUs PA3OMKHYTOM Lienu ans
ABYXMNOMIOCHON KOPPEKLUMW MPU PeanbHbiX 3HAYEHWSX HOMMHANOB
3MEMEHTOB CXEMbl

COTIPOTUBJIEHUST PE3NCTOPA R 00bIuHO JieskuT B pegenax 1-10 kOm. B obmactu cpen-
HUX YaCTOT [OJIHOE KOMHJIGKCHOG conporusienue kouzercatopa C p2 CPABHIIMO C BEJIH-
YUHOW CONPOTUBJIEHUS Rp U JIONOJHUTENIbHAS TTOCTOSHHA BpeMeHI/I 3acTaBJsger
MECTHYIO JIOKAJILHYTO CBSI3b, OXBATBIBAIONIYIO KACKAJ] YCUJIUTES HATIPSKCHMST, Hapa-
cTaTh ¢ 4acToTOl H0JIee OBICTPO, CHIKAS YCUTIEHNE PA3OMKHYTOI 0OPATHON CBA3H TTIOYTH
co ckopocteio 12 15 /okraBy. B BU o6/acTu MoJiHOE KOMILJIEKCHOE COTIPOTUBJICHUE
pesucropa Rp CTaHOBUTCS BBICOKUM 110 CPABHEHUIO C 9TUM JKe apaMeTPOM KOH/[eHCa-
Topa C p2» HAKJIOH 3aBUCHMOCTH Koo uIMeHTa YCIIEHUS TOCTENEHHO TPUOIIHKAETCSE
K 3Haqu1/Ho 6 nb/oxTaBy, mocje yero moBeeHUE CTAHOBUTCS COBEPIIECHHO aHAJIOTHY-
HBIM TIOBEJICHUIO B CJTy4Yae KOPPEKIINY € IOMUHAHTHBIM TTIOJTIOCOM, TIPU KOTOPOI BEJTUYH-
Ha eMmkoctu Cdom cTaHOBUTCS PaHO €MKOCTH TOCJEA0BATETHHO BKJIIOUEHHBIX
KOHJIeHCaTOPOB. [lo TeX Mmop moka HaKJIOH IPO0JIXKAET BO3BPAIIATHCS K 3HAUEHUIO 6
nb/oxTaBy 1 0 TOTO, TIOKA HE TTPOM30MU/IET TTlepecedeHne ¢ JTMHNEeH eTMHNYHOTO yCHue-
HUSL, TIPEJICTABJISIETCS IOCTATOUHO BEPOSITHBIM, UTO HE CYIIECTBYET OUEBUIHBIX IPUYNH,
4yT00BI HApYIIAJI0oCh yeaosue yeroitunoctu Haiiksucra (Nyquist). Ha puc. 7.3 npuso-
JIUTCST PE3yJIbTAT MOJIEJIMPOBAHUS JIBYXIIOTIOCHOTO YCUJIEHUS TIPU PA3OMKHYTOH TIeTH
IUUTST ICTIOJTb3YEeMbIX Ha TIPAKTHKE HOMUHAJIOB JIEMEHTOB CXeMbl. BesinymHa eMKoCTH
koHsieHcaTopa C p2 JIOJIKHA, TIO KpaiiHell Mepe, BABOE TIPEBBIIATH BETUINHY €eMKOCTH
KOHJIeHCATOPa C p1» TOTOMY CKOPOCTD CHIKEHHST K03 dUIINEHTa YCUTEHUST YMeHbIIIa-
eTcst 06paTHO 710 JII/IHI/II/I 6 1B /0KTaBy /10 TOTO, Kak Oy/IeT MepeceyeHa JUHUS eUHIIHO-
ro 3Hadenusd koadbuimenta ycunenud. [lorennuanbnoe 3navenne koadduinenta
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AUDIO PRECISION CLASSB THD+N(%) vs FREQ(Hz)

0,2
0,1
L~
Montoc 6e3 komneHcaLym /
0,010
A
A

0,001 LT [Nontoc ¢ komnencauveit

0,0005
20y 100 Iy 1y 10 kI, 50 Ky

Puc. 7.4. CHuxeHWe UCKAXEHMM NPU ABYXNOMIOCHOM KOPPEKLMM

ycuseHust Bozpocyio 6osee e Ha 20 ab Ha yuactke ot 3 1o 30 kI'11, B obsactu, B KOTO-
poii Koo DUIMEHT HeJUHENHBIX UCKAKEHUN CTPEMUTCS BO3PACTH M3-32 CHUKEHUS
BesmurHbl oTpuiateabHoil OC. TTuK Ha KPUBOU YCUIIEHUS € PAa3OMKHYTOH 06paTHOI
CBA3bIO Ha 4aCTOTe 8 KrH BBITJIAAWUT B€CbMa COMHUTE/IbHBIM, O/JHAKO, aBTOPp KHUTU 10
CHIX TTOP He CMOT O0HAPYKUTH Kakue-au60 HebraronpusaTHbie 3hHEKTH B MOBEICHU
mipu 3amMKHyTO# 11enin OC.

Vmerorcst, 0fiHAKO, ¥ HEJIOCTATKU B IEMOHCTPUPYEMOM 3/1eCh MPUGIMKEHIH, KOTO-
pbie CHIKATOT 3(P(HEKTUBHOCTD YIAYUIICHUS TUHETHOCTH XapaKTePUCTHK. /|ByXImorio-
CHAsT KOPPEKIUSI MOKeT YMEHbIATh JMHEHHOCTh PABOMKHYTON 1[E€NU B TO JKe caMoe
BpEMsI, KOT/Ia OHa yBeIMYnBaeT KoahuimenT o6paTHON CBsI3U, KOTOPBIH cTapaeTcs
ocymiectBuTh Koppekiuio. B BU obactu ays kongencaropa C p2 XapaKkTepHO HI3KOE
IOJTHOE KOMIIJIEKCHOE COTIPOTUBJIEHNUE, UTO ITO3BOJISIET PESUCTOPY R BBICTYIIATh B POJIU
HETMOCPE/ICTBEHHON KOJIEKTOPHON HATPY3KU Ha 3€MJTIO KacKaja yCI/IJIHTeJIH HaTpsixe-
HUSI, 4 9TO, KaK yrKe ObLIO TOKAa3aHO, YXYAIIAET JHHENHOCTh KACKA/Ia YCUTUTEIST HATIPSI-
JKEHUSI.

Opnnako, eciu OTHOILIEHNE MeXKTy 3HadeHussMu emkoctu C p2 u compotuBienueM R
Mo106paHbI TPABUILHO, 0011Iee YMEHBIITEHIE HCKAKEHUT 6y11eT 3HAYUTETHHBIM U BECh-
Ma Tosie3HbIM. TTocJie TOTO Kak JABYXIIOOCHAST KOPPEKIHst ObLiia BBE/ICHA B CXEMY YCHU-
JIUTEJIs], TOKA3aHHOTO Ha PHUC. 7.5, IIYMOBBIE BBIGPOCHI, CBA3AHHbBIE C TIEPECEUCHUEM
HYJIEBOTO YPOBHSI, HA PAa3HOCTHOM 3aBUCUMOCTH KO3 (MUITHEHTA HETMHEWHBIX NCKaKe-
HUH TIOYTH ncyessiu, 6y[[y‘{I/I YaCTUYHO 3aMeleHHbIMI BTOPbIMU I'apPMOHUKaMM C HHU3~
KIM YPOBHEM, KOTOPBIE TIPAKTHUECKH TIOTHOCTHIO OTIPEEISIOTCS XapaKTepoM Harpy3Ku
KacKajia ycuauTess HanpsikeHus. CKOPOCTh HapacTaHUS BBIXOJIHOTO HAIPsKEeHUS (-
[IPY TIOJIOKUTETTBHOM (DPOHTE CUTHAJIA ) TAKKe HECKOTIBKO YMEHBIIUTCSI.

Bce BbIIEN3I0KEHHOE BBITJSANT BeCbMa MPUBJEKATETbHBIM METOJOM, TaK Kak
JIOCTATOYHO TIPOCTO MOSKET GBITH TPUMEHEHO B YKe CYIIECTBYIONIE KOHCTPYKIUH MTPO-
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CTBIM BBEJICHMEM B CXEMY /IBYX HEIOPOTUX 3JeMeHTOB. Ecii eMKOCTbh KOH/IeHcaTopa
Cp2 3HAYNTEJBHO TPEBBINIAET BEJIMUMHY €MKOCTH Cpl’ TO BBeJleHUE WM yAaJleHue
pesucropa Rp [I03BOJIAET IIPOU3BECTH HEIIOCPEACTBEHHOE CPaBHEHUE MEXK/IY ABYMS
BapuanTamu Koppeknnu. OIHaK0 HeoOXOMMMO TTPOSIBIISATH U3BECTHYIO OCTOPOKHOCTD,
TaK KaK ecJIu YCUJIUTEeIb cKIOHeH K BY mapa3uTHbIM SBJIEHUSAM, TO TaKOW BUJL KOPPEK-
LMY MOXKET UX YCUJIUTD.

J_CH

=T 47 mkd
R23 2,2 kOm
Cc4 -
47 MO T
C1
R8 10 Om
—] ooc
Bxon

Rg R20320 Om

YcTaHoBka VeMm

Cc2
220 mkd

D1 C1100 nd
1N4148 ”

TR12

TR1 TR11

BxonHol kackap,

Puc. 7.5. Yeunurens Knacca B, npusepenHsin B [nase 6 kuurun. B uensix
YNpOLEeHMs MOKCUMANBHOE 3HAYeHWe CKOPOCTH HAPACTAHWS onpeaens-
etcs uctouHmnkom Toka TR1 u BennumntHoi emkoctn koHgeHcatopa Cdom
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Mosunuusa
YCTaHOBKMN
KOHAeHcaTopa
NcTo4HuK
TOKa
ConpoTtusnexune
6800/100 EHE;%JA%:%S:: . abens MHAaYKTUBHOCTb

Ak 10 wom 132 MOwm S
, 3,3 MIH

o Harpyska
Oemndupyownin 8 0Om
10 0Om pesncTop
BbixogHble
;/;100 HD 3aXVMbI
BxonHoin Yeunutens OKOHEYHBbI ®
InddepeHUManbHbIil HaNPsSKEHUs  Kackag, vneTp
Kackag,
Yeunutens BbixogHas uenb Kabenb 1 Harpyska

Puc. 7.6. Cuctema ycunutens, coeamuuntenbHbix kabenei u Harpy3ku.
YnpolyeHHas cxema ycunutens co cxemMol 3o6ens, CrnaxmBaioLmMm
BbIXOAHBIM APOCCENEM M PE3UCTMBHOM HArpy3Koi. YepeaHeHHble 3Haye-
HUS MHBYKTMBHOCTM M COMPOTUBAEHUS NPUBEAEHBI A5 CTAHAAPTHOTO Coe-
A1HUTenbHOro kabens anMHOM 5 M

7.7.BbiXxogHble Lenun

OGbIuHBIE BBIXOIHbIE [EITN YCUIUTE/IS MOIITHOCTH [TOKa3aHbl Ha PUC. 7.6, Ha HUX JKe TPH-
BeJleHbl CTaHIaPTHbIE 3HAYEHUST HOMUHAJIOB 3J1eMeHTOB Tienieil. OHM BKJIIOYAIOT MapaJi-
JIEJIBHO BKJIIOYEHHYIO 1ienb 3o00enst (Zobel), HeoOXomuMyto s MOBBIIIEHMS
YCTOMYMBOCTU CXEMbI IIPU paboTe Ha MHAYKTUBHYIO HAIPY3KY, a TAKIKE [OCIeL0BaATE b
HO BKJIIOYEHHBII BRIXOZAHOMN TaCsIIIii APOCCEIb, HEOOXOAMMBIN AJIs YBEJINYEH s YCTOM -
YIBOCTHU CXEMBI TIPH paboTe HA EMKOCTHYIO HarpysKy.

7.7.1. TlonHoe BbIXxogHOE KOMMJIEKCHOE COMPOTUBIIEHME YCUnNuTens

Kak npuHsSTO 06BIYHO CUUTATH, OCHOBHOE BJIUSHUE, KOTOPOE OKA3BIBAET BBIXOAHOE
MTOJTHOE KOMIIJIEKCHOE COMPOTHUBJICHNE, 3aKII0UAETCS B €T0 BIAMSIHAN HA Koahdutm-
eHT ocyiabsiennust (3aTyXaHusi). ITO He Tak, KaK yske ObLIO pasbsCHEHO B riase 1.
Bormpexn o61enpuHsITO HEyMECTHOCTH AEMOHCTPAIIMY 9TOTO BOTIPOCA, aBTOP KHUTH
BCe JKe HaMepPeH OCTAHOBUTHCS Ha KoabdUImenTe ocaadIeHist UMEHHO B 9TOW 4acTH
KHUTH, 4TOOBI TPOJIEMOHCTPUPOBATD, KaK OCJIA0JSETCsT IEHCTBIHE HECOMHEHHO BIIeYar-
JIAIOTETO (haKTopa Mo Mepe TOTO, KaK B pabOTY BKIIOYAIOTCS BCe GOITIITEE KOTMIECTBO
3JIEMEHTOB aKyCTUYECKOI CHCTEMBI TPOMKOTOBOPUTEJEH U TIOIBOISTIINX Kabeieil.
Ha puc. 7.6 npuBeeHa ypoleHHas cxeMa yCUauTeNs ¢ renbio 3o6ems (Zobel),
IOCJIE/IOBATE/ILHO BKITOYEHHBIM BBIXOTHBIM JIPOCCEJIEM, a TAKKE YIIPOIIEHHON MOJIEJIBIO,
MPEJICTABIISIONEN COETNHUTETbHBIE KaheTH 1 T]POMKOTOBOPHUTEIh HATPY3KU. BerxomHoe
MIOJTHOE KOMIIJIEKCHOE COIIPOTUBJIIEHIE YCUIUTEIST, BBIOJTHEHHOTO Ha TTOJIYTTPOBOAHUKO-
BBIX MHTETPAJIbHBIX MUKPOCXEMaX, UMeeT OYeHb MaJIeHbKOe 3HAUeHNe, 1aXKe B CIIydasax
HCTIOJIb30BAHUST YMEPEHHOHU 1o BemunHe o01ieit orpurnareapaoit OC. ABTOp KHUTH
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OUT2 AMPL(dBr) vs FREQ(Hz) 20 NOV 96 21:46:03
60,00 0,6 Om
//
70,00 » d
P
-80,00 -~ 7’ 60 mOm
-90,00 ]
///
-100,00 6 MOM
-110,00
-120,00 0,6 MOM
20y 100 'y 1y 10 kT 50 Iy,

Puc. 7.7. YactotHas 30BUCMMOCTb BBIXOZHOTO MOSIHOTO KOMMEKCHOTO
CoONpOTHBREHMUS «BE3yNPEUHOro yCHIMTENS» C NOAKIIOYEHHbIM M OTKITIOYEH-
HbIM BBIXOAHBIM ApOCCENeM, MMeoLMM MHAYKkTHBHOCTL & MkTH. lobasne-
HMe ppoccens (BepXHsi 30BMCMMOCTb) YBENMYMBAET KOK BENUYUHY
BbIXOZHOTO KOMMNEKCHOro conpoTmenerms Ha nnockom HY yuactke (3a cuer
NOCneaoBATENLHO BKKOHOEMOrO CONPOTUBAEHMS), TAK M BO3pAcTaiolee
NosIHOE KOMMNIEKCHOE conpoTunerue Ha BY yuactke xapaktepuctiku

[IPOU3BEJI U3MEPEHHS «Oe3yIIPEUHOT0 YCUIUTEsI» Kacca B, CXOMHOTo ¢ MpUBeIeHHBIM
Ha puc. 7.5, y KOTOPOTro CTaHAapTHOe 3HaYeHe KoahdUInenTa yCuieHus: OTPUIATE b=
noit OC cocrasisiiio 29 1b wa wacrore 20 kI'1 1 Bo3pacraso co ckopoctsio 6 1b/okTa-
BY C yMeHbIlleHHMeM dYacToThl. Ha puc 7.7 mpuBoaMTCS 4YacTOTHAs 3aBUCUMOCTD
BBIXOJIHOTO MOJIHOTO KOMILJIEKCHOTO COTIPOTUBJIEHUS IS TOUKH U3MEPEHUsT A Tiepest
BBIXO/IHBIM JIpoccesieM. M3ameperust TponsBoAMIICh TpH Tiofade curaana 10 MA yepes
cornporusyenue 600 Om.

BeixomHOE MOJIHOE KOMIIJIEKCHOE COTIPOTHBJIEHNE HA HU3KOI 9acTOTE COCTABJISIET
npumepro 9 MOwm (Ha Harpyske 8 Om koabdunuent ocnabaenus cocrasisier 890).
Ecsmm paccMaTpuBaTh 9TO B MEPCHEKTUBE, TO OJMH METP TOJICTOTO Kabesist, MpelHa3Ha-
YEeHHOTO JIJIS MOAKIoueHrst 00opynoBanus tuia 32/02 (32 sxumbr guamerpom 0,2 Mm)
umeer conporusienne 16,9 MOM. CobcTBEHHOE COIPOTUB/IEHNE COEIMHUTENbHBIX Kade-
JIell B YCUJIUTEJIe MOKET PAaBHSATHCS WJW Jaske TPEBOCXOANTH HA HU3KMX YaCTOTaX
BBIXO/IHOE TI0JTHOE KOMILJIEKCHOE COIIPOTUBJIEHIE YCUIUTEIS.

CKOpPOCTb yBEJIMYEHUST BBIXOHOTO MTOJTHOTO KOMIIJIEKCHOTO COITPOTHBJIIEHUST COCTA-
BasigeT 6 1B /okTaBy 71 acToT, mpeBbinaonmx 3 kI, mo mepe cHmkeHus Koadduim-
eHTa ycusenus obmeil orpunarenpuoit OC, gocturas snadenuns 36 MOM Ha yacTtore
20 xI'n. Conpsizkennast wactoTa 3 KI['11 He coBIaziaeT ¢ YacTOTOM JOMUHAHTHOTO TIOJIOCA
YCUJIUTEJIST, KOTOPast 3HAYUTEIbHO HIDKE U HaX0AuTCst okoJio 3naverus 10 I

BbixozHoe MOJIHOE KOMILIEKCHOE cotpoTuBienne saMmknyToii tenu (OC) mist m060-
TO YCUJUTENST ONpPeNessieTCs 3HAUeHNEM IOJTHOTO KOMILIEKCHOTO COTPOTUBJIEHUS
PA3OMKHYTOII 11enn U KoahOUIMEHTOM YCUIEHUsST OTPUIIATEIbHOI 0OpaTHOI CBA3H.



7.7. BIXOAHbIE LENU [3225]

[TosrHOE KOMTIIEKCHOE BBIXOHOE COTIPOTUBJIEHUE HE SBISIETCS TIPOCTO MOJHBIM KOM-
IJIEKCHBIM BBIXO/IHBIM COIIPOTUBJIEHIEM OJHOTO JIMIITh BBIXOJHOTO KACKa/a, TaK Kak
MOCJIEHUN BO30YKIAETCST KACKAJOM YCUJIEHUST HATIPSKEHUST, TO TIO3TOMY B TOUKE A,
u300paKeHHOIT Ha puC. 7.6, HEOOXOANMO YUUTHIBATH 3HAUUTEIHLHOE 10 BEJIMUIHE 1 3aBU-
CHIMOE OT YaCTOThI COGCTBEHHOE COTPOTHBJICHNE NCTOUHMKA TOKa. Koraa craaapTHbie
KacKaJibl SMUTTEPHOTO MOBTOPUTEJISI U JOTIOJNHSONIEH mapHoi o6parHoil csisu, CFP,
BO30YKIAIOTCST OT HCTOUHWKA C HYJIEBBIM KOMIIJIEKCHBIM COMTPOTHBIIEHIEM, TO B 000UX
CJIydasix MOKHO TPy0O OIEHUTH 3HAUYEHUE TTOJHOTO KOMILJIEKCHOTO BBIXO[HOTO COIIPO-
TUBJIEHUsT KaK Haxoseecst B ipezenax 150—180 mOM. ITo 1pu ycI0BUHU, 4TO COMPO-
TUBJICHUSI 3MUTTEPHBIX pe3uctopoB Re cocramsior 0,1 Owm. YBennuenue
compotussieHns Re 10 0,22 OM yBesmunBaeT 3HaYeHNE TIOTHOTO KOMITJIEKCHOTO BBIXOJI-
HOTO corpoTuBeHns 10 BeandnHbl 230 — 280 MOwm, 1oKa3bpIBast, 4TO 3TU PE3NCTOPHI HA
MIPAKTHKE COCTABJIAIOT OCHOBHYIO YaCTh MOJTHOTO KOMIIJIEKCHOTO BBIXOTHOTO CONIPOTUB-
JleHust. BeIXoHbIEe YCTPOICTBA M NPEIOKOHEYHBIN KACcKa/la OKAa3bIBAIOT MIPU 9TOM
HeOOJIBIIIOE BIUSHUE,

Ecnm cpemnee 3HaueHme MOJHOTO KOMIIIEKCHOTO BBIXOJTHOTO COTIPOTUBJIEHUS TIPU
pazomkryTo 11enn (OC) coctaaser 200 MOwm, a koahdUIMEHT ycuieHus oTpuma-
teapHol OC Ha wactore 20 kI cocraaser 29 nb, nan yBemmumnsaercs B 28 pas, To
MOKHO GBITIO OBI OJKUIAT, YTO MOJTHOE KOMILJIEKCHOE BBIXOTHOE COMPOTUBIIEHIE TIPH
3aMKHYTOH 11enu GyJIeT COCTABJIATH PUOIUIUTENBHO BEIMYMHY, PABHYIO YACTHOMY OT
nenenus 200:28, t.e. 7 MOMm. Tak Kak B 1eliCTBUTEJIBHOCTHU 3TO 3HAYEHUE COCTABJISET
npumepro 33 MOM Ha JAHHOW YacTOTE, TO CTAHOBUTCST OYEBUIHBIM, UTO €TI0 OOCTOUT
HECKOJIBKO CJIOKHEE, YeM JIaeT MPOCTON U IPUOJIKEHHBIN aHai3. B peabHoM ycuim-
TeJie BBIXOJHON KacKa/l He MUTAETCS OT UICTOYHUKA C HYJIEBBIM COITPOTUBJICHIEM, a COB-
ceM HaobopoT, TMUTAETCS OT WCTOYHUKA C BBICOKMM COMPOTHBIEHUEM, KOTOPOE
CHUIKAETCS TIPOTIOPIIUOHAIBHO YacToTe. /[ paccMaTprBaeMoro aBTopom «besyrped-
HOTO ycujinTesisi» Kjaacca B ono camkaercst ot 3 kOwm Ha yactote 1 k[ 10 npumepHo
220 Om na yacrote 20 xI'11. [losiHOE KOMIIJIEKCHOE COTTPOTUBIICHE NCTOYHUKA BEJIMYU-
Hol 220 OM o6ecTieurBaeT MOTHOE KOMITJIEKCHOE BBIXOJIHOE COITPOTUBIICHUE TIPH PA3OM-
kuyTol e (OC) nopsizka 1 OM, KoTOpoe Tpu yMeHbIleHnn Ha KoadduimenT,
paBHBbIi 28 1ipu geiicTBUM 0011ei 06paTHOIT cBs3u, gaeT sHaueHne 35 MOM. DTo 3Have-
HUE OCTATOYHO XOPOIIO COBMAZAeT C BEJUYMHON, uamepsieMoii na gacrore 20 kI
B TOUKe B, mokasanHoii Ha cxeme puc. 7.6.

Bce ot u3mepsieMble 3HaUEHUS TIOJTHOTO KOMIIJIEKCHOTO BBIXOZIHOTO COTTPOTUBJICHUS
MIPU 3aMKHYTOM TIeNU SBJSIOTCS OY€Hb HU3KUMU 110 CPABHEHUIO C IPYTHUMU TTOJTHBIMU
KOMITJIEKCHBIME COTIPOTHBJICHUSIMU B CHCTEME YCUITUTE/b - COSIMHUTEIbHbIE KabeIu -
TPOMKOTOBOpHTEND. U, Kak 6y/IeT okas3aHo, B OOMBITHMHCTBE CIYIAeB MU MOKHO OY/IeT
pere6peysb.

B cxeme «6e3ynpevuHoro yCUIuTest», IIPUBEAEHHOTO B pasjeie 6.6 KHUTH, IMeeTcst
BBIXO/IHOM /Ipoccesib, UMeIoNuil NHAYKTUBHOCTD IpuMepHo 6 MkI'H. Ero 3azaya 3akitio-
YAEeTCsT B TOM, YTOOBI aOCOMIOTHO TaPAaHTUPOBATH YCTONYMBOCTD TIPH BCEX BO3MOKHDBIX
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€MKOCTHBIX Harpy3Kax, IT09TOMY WHAYKTUBHOCTH (CAMOMH/IYKITHS ) HAXOANUTCS B CAMOM
BEPXY JIOMYCTHMOTO Jinaiasona. JTo 3HaueHue orpaHmdeHo BY cpesom mpu pabore Ha
Harpy3Ky ¢ CaMbIM HU3KUM BO30Y K/Ia€MbIM COIIPOTHBJICHUEM. DTOT PEATbHO CYIIECTBYIO-
I 3JIEMEHT, cocTosmi 13 20 BUTKOB MEIHOTO MPOBOA ¢ AnaMeTpoM 1,5 MM, HaMo-
TaHHBIX Ha KapKace JUaMeTPOM 25,4 MM, IMEET COTIPOTHBJICHNE TI0 TTOCTOSTHHOMY TOKY,
pasroe 19 MOM. IT0 HeGOJIBINOE AOMOJHUTENIBHOE COITPOTUBJIEHUE TOJHUMAET ILITOCKUN
YUYACTOK Ha 3aBUCUMOCTH TIOJHOTO KOMILJIEKCHOTO COITPOTUBJICHIS /10 3HaYeHUst 24 MOM
U Ha mpakTuKe onpesesser HY 1moiHoe KOMIJIEKCHOE BBIXOIHOE COMTPOTUBIIEHUE, KOTO-
poe m3MepsieTcs Ha BbhiBoziax ycunutess (Touka C Ha cxeme). OHO TaksKe Pe3KO YMEHbITa-
eT «BooGpakaeMblii» Koadduiment ocabierus co sHaderns 890 o 330.

B neficTBUTENBHOCTY NHYKTUBHOCTD KATYIIIKN BBITAJKUBAET €Ille BbIllle BO3PACTa-
IONLYIO YaCTh HA 3aBUCHMOCTH MTOJTHOTO KOMTIJIEKCHOTO CONPOTUBIeHUS. [ToTHOE BBIXO/I-
HOE KOMILJIEKCHOE COTIPOTUBJIEHHE HAYMHAET BO3PACTATh B ATUX YCJIOBUSIX C YACTOTHI
700 I'ir c mocTossaEbIM 3HaUeHUEeM 6 1B /okTaBy, nocturas sHaderus 0,6 Om Ha yacToTe
20 k't (em. puc. 7.7).

7.7.2. OGecneyeHe MUHUMAaNbHOTO 3HaYeHUs NOJTHOro KOMMEKCHOro BXOOHOro
conpoTuBneHnsa yamnurensa

JlaHHBII TPOAYKT MJIOXO MPOIyMaH, HO He TI0 TOU MIPUYNHE, YTO B HEM OTITUMHU3NPOBA-
HbI JITHAMUYECKIE TTapaMeTPbl I POMKOTOBOPUTEIS, (XOTs, 11O TIPABJIE TOBOPSI, 9TOTO U He
C/IeJTaHO BOBCE), A TT0 TOW TIPUYMHE, YTO B HEM CBe/IeHbI K MUHIMYMY M3MEeHEH!ST 9acTOT-
HOU XapaKTepPUCTUKH, BbI3BAHHbBIE U3MEHEHUSIMU COMPOTUBJIEHNS KATYIIKNA TPOMKOTO-
Bopuresns. Bes comHenuii, 06pazynk TakoBOIo J0JKeH ObITh HEIIPEMEHHO PACCMOTPEH.

W3 pacemoTpenust puc. 7.7 cOBEpIIEHHO OUE€BHU/THO CJIEIYET, UYTO TMOJTHOE KOMILIIEKCHOE
BBIXOJIHOE COIPOTUBJIEHNE MCXOAHOIO YCUJIUTEJIS, CKOpee Bacero, OyIer MeHblIle, YeM
COIPOTHUBJIEHHE IPOCCEIST, B CHUITY Yero MOCEAHUIT JOJKEH ObITh PACCMOTPEH B EPBYIO
ouepezib. HeobxoauMo onpeeinTh MUHUMAIbHOE 3HAYEHKE MTOJHOTO KOMILIEKCHOTO
BBIXOTHOTO COITPOTUBJIEHUST U3 YCJIOBUN YCTOWYMBOCTH IIPU €eMKOCTHOH HarpyskKe, 1oTo-
MY 4TO MeHbIIlee TI0 BeJIMYNHe 3HaYeHNe NH/YKTUBHOCTA O3HAYAeT MeHbIllee KoJInve-
CTBO BUTKOB MIPOBO/Ia ¥ MEHbIIIee TI0 BeJIUYUHE CONpoTuBIcHUe. HekoTopbie moaxob
K pelIeHuIo JaHHOI npobJieMbl PaCCMOTPEHBI B cieayonieM pasaee. Cremyer, oaHa-
KO, OTMETUTb, YTO UHAYKTUBHOCTH OOBIYHOI OMHOCIONHON KaTyLIIKI 3aBUCKT OT KOJIU-
yecTBa BUTKOB BO BTOPOW CTENEHH, MO3TOMY yMEHbIIeHNEe WHAYKTUBHOCTH B/IBOE
YMEHBIIIAeT KOJTMYECTBO BUTKOB, a CJIeI0BATEIbHO, U TI0CIE/I0BATEbHO BKIIOYEHHOTO
COTIPOTUBJICHNS, TOJBKO HA BEIUUNHY, PaBHYIO 3HAUCHUTO KOPHS KBa[PAaTHOTO U3 IBYX.
[TpoBos :ke, M3 KOTOPOTO HAMATHIBAETCS KATYIIKA APOCCEJIs, IOJKEH MMETh MAaKCUMaJIb-
HO BO3MOJKHOE CeUeHue, opeiesisieMoe KOMIIPOMUCCOM MKy 1IeHOU U KaueCTBOM.

Taxke skenaTes’bHO CBECTH K MUHUMYMY COITPOTUBJIEHNE BHYTPEHHUX TIPOBOJIOB YCH-
JIUTENIS, a TAaKkKe YAEIUTh 0c000e BHUMaHKe JI0OBIM MCTOYHUKAM AOIOJIHUTEIbHOTO
COTIPOTUBJIEHNS], BHOCMOTO BBIXO/IHBIMU IITUHAMMU, TITEKePAMU JIJI5T TIOAKIIIOYeHIST aKy-
CTHYeCKOii cucteMbl 1 T.1. Korja HeraruBHoe BiMssHUE 9TUX (HAKTOPOB OyIeT yMeHb-
1IIeHO HACTOJIHKO, HACKOJBKO TTO3BOJISTIOT CTOUMOCTD U OIIBIT, TO, CKOPee BCETO, TOTHOE
KOMILJIEKCHOE COIIPOTHBJIEHNE PEAJbHOTO YCUIUTESE OYAeT COCTABJIATh CAMYIO MEHb-
IIYIO 9aCTh 13 001Iell BeIIYIHEL.
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7.7.3. Uenb 306ens

Bce ycummuTenn MOITHOCTH, 32 UCKIIOYEHUEM, TIOKAMYH, CAMbIX 2JIeMEHTAPHBIX, 715
MOBBITITEHNST YCTONIMBOCTH MMEIOT B CBOEH cxeMe 1enb 306e1s1. DTa caMast TIpocTast, HO,
MOKAIYH, U caMasi TANHCTBEHHAS T[elTb, BKJIIOUYAET B ceOst MOC/Ie[0BATEbHO BKIIOUEH-
HbIE PE3UCTOP U KOH/IEHCATOP MKy BBIXOAHOM IIMHOM 1 3eMJteil. OHa Beer/ia MOoIKJII0-
YaeTCsI CO CTOPOHBI BHyTPeHHeH (T.€. 10 APOCCeist ) TOUYKH BBIXOHOTO JIPOCCETIS, XOTS B
psijie cXeM UMeeTCst Bropasi cxeMa 300eJIst OCJIe BBIXO[HOTO JIPOCCEIsT; BCE TIOBITKU
MTOHSTH CMBICJI TTOCJIETHETO HOBOBBE/ICHUS He MTPOJIMBAIOT HA JAHHBIN BOTIPOC HU KaIlJIn
cBera. CONPOTUBIIEHNE PE3UCTOPA MOUYTH MPUOJIIIKAETCS K BEJIMUMHE MTOJHOTO KOM-
IJIEKCHOTO CONMPOTUBJIEHUST HATPY3KK 1 00BIYHO cocTasiisger ot 4,7 10 10 Om. EMkocTh
KOHJIeHcaTopa moutn Beeraa papasercss 100 Hd, moaTomMy Takoe MOCTOSTHCTBO B ATUX
3HAYEHUX B CBETE CYIIECTBYIONIETO HA IIPAKTUKE OTPOMHOTO PasHOOOPa3Us CXeM YCH-
JIATEJIEH MOTITHOCTH TTO3BOJISET TIPEATIONIOKUTD, YTO 9T BETMYNHBI He SBJISIOTCS TaKH-
MU YK U KpuTnueckuMmu. JleficTBUTENbHO, Pl UCCAEOBAHUN IO3BOJISIOT
[IPEIIIOJIOKUTD, YTO JlelcTBUTeNbHAS IIPUYMHA 3aKII04aeTCsl B TOM, YTO TaKue Tpajiu-
[IMOHHO UCIIOJIb3YyeMbIE BEJUYNHBI 3JIEMEHTOB I[N JIEHCTBUTENHBHO OYEHD OJIU3KU
K TpebyeMbIM.

Pa6ora nenu 306es1s1 (MHOT/IA TaKKe Ha3bIBaeMoil stueiikoit Boydepa) obcyskmaercst
HEYacTo, TP TOM OOBIYHO TOBOPUTCSI, YTO OHA HEOOXOAMMA ISt 3AIUTHI OT CJIUTITKOM
GOJBIION HHIYKTUBHOM COCTABJISIONIEH B PEaKTHBHOM COITPOTUBJIEHIH, TIPHCYTCTBYIO-
11eil Ha BBIXOJIE YCUJIUTEJIS, U3-32 BKJIAJa OT 3BYKOBOM KATYITKK TPOMKOTOBOPHUTEJIA.
[Tpu aTOM nOZIPa3yMeBaeTCs, 4TO 3TO MOXKET IPUBECTH K yBesanuenuio BY neycroituu-
BoCTH. /lOCTaTOUHO TIPOCTO YBU/ETHh HA YNCTO MHTYUTUBHOM YPOBHE, KAK eMKOCTHAS
HarpysKa yCUJIMTEJIS € OlIpe/leIeHHBIM 3HaYeHUEeM BBIXOIHOTO COIPOTUBIIEHNS MOXKET
npuBect K BY HEyCTONYMBOCTH, BHOCS JAOMOJHUTEIBHBINA CIBUT 1O (ha3e B KOHTYP
ob6ueit orpunaressroil OC, 0[HAKO, TOPa3/0 MEHEEe OYEBU/IHO, TIOUEMY MHLYKTHBHAS
HarpysKa MpUBOJNUT K BO3HUKHOBEHUIO CAMOIT TPOOJIEMBI; €CJIM eMKOCTHAS HArpy3Ka
YMEHBIIIAET IPAHUIIBI CTAOUITBHOCTH, TO IIPEICTABJISIETCS BIIOJIHE PA3yMHBIM TIPEIIOJIO-
JKUTh, UTO HHYKTHBHAS HATPY3Ka JAHHBIE TPAHUIIBI GY/IET PACTITUPSTE.

Vcxo/ist 13 BBIMIEU3JI0KEHHOTO, aBTOP KHUTH TOCYUTAT HEOOGXOIUMbIM BBITTOJHHUTh
PSII OKCIIEPUMEHTOB, B KOTOPBIX OH YA CTAaHAAPTHYTO 1eh 3066151, COCTOSIIYIO U3
pesuctopa ¢ conporusierrem 10 Om u korgercaropa 0,1 Mmx®D, u3 «6esynpevHoro ycu-
JTesst» Kiaacca B ¢ gonosmsionieii mapuoii oopaThoii cesasbio, CPF, Ha BbIxoie u cran-
JIapTHBIM 3HaYeHneM koadduinenta ycusnenns orpurniaresbroil OC, pasabim 32 n1b Ha
yactote 20 k['m. [Tpu Bemunbe peaucTuBHON Harpy3ku 8 OM cyMMapHbIii ko3¢ dutm-
€HT HEJMHEWHDBIX MCKAKEHUI U YCTOWYMBOCTD YCUIUTENS He U3MeHUInCh. OHaKo,
KOT/Ia TIOCJIEIOBATETbHO OBLT BKITIOUEH IPOCCETh ¢ MHAYKTUBHOCTHIO 0,47 MKIH, 4TOOBI
CMO/IEJIUPOBATH B MEPBOM TPUOIMKEHIUH MOHOOJIOUHBIH TPOMKOTOBOPUTEIb, ObIIH
MOJIYYeHbl [OKAa3aTeqbCTBA HEYCTONYNBOCTH BBIXOJHOTO KacKaaa B 00JACTH OYeHb
BBICOKMX YacTOT, HO COBEPIIEHHO OIpe/ieJIeHHO He BO3HUKAJIO HeycToitunBocTn Haii-
KBHCTA B Llenu obuieii orpunareabioit OC.

Takyke aBTOp KHUTH TIOMBITAJICS YMEHBINIUTh HATPY3KY, OKa3bIBAEMYIO Ha BHIXO]l
1enbio 306esst. OHAKO yBeJTMYeHHe TTOCIe0BATENbHO BKIIOYAEMOTO COITPOTUBIIEHIST
110 22 OM TIPeI0CTaBUIIO HEKOTOPbIE J0KA3aTEIbCTBA BOSHUKHOBEHMSI IIPOOJIEM C YCTOR-
YUBOCTBIO, M TOITOMY aBTOP ObLI BBIHYK/IEH IPUNATH K HEYTEITUTETHHOMY BBIBOJLY, 4TO
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CTaHapTHbBIE 3HAUEHUS TIETIU JIeXKaT 04eHb OJIM3KO K MCTUHHOMY 3HaueHuto. JlelicTBu-
TEJIbHO, TIPH UCTIOJIb30BAHIK CTAHAAPTHOM 1ermr 300€eJIs1, COCTOSIIEN U3 Pe3rcTopa ¢
compotuBsienneM 10 Om u KoHzpeHcaTtopa ¢ emkocThio 0,1 Mk®D, momomHUTENHHAS
Harpyska, mojikJaoyaeMas K ycunureno, Ha BU we siBisiercst GOJIBINON; /15T BRIXOHOTO
nanpskenus 1 B Ha yacrore 10 kT tens 3o6ens norpebasier 6,3 MA, ero BeinynHa
Bospacraert /10 12,4 MmA na yacrore 20 kI'11 (BrioJiHe HETLIIOXO0, €CJIM CPABHUBATH C TOKOM
125 MA BO BceM 4aCTOTHOM JMAIa30He [IJIsI PE3UCTOPA ¢ conporuierreM 8 Om). Itu
TOKU MOTYT OBITH TIPOCTO YBEJIUUIEHBI JI0 PEATTBHOTO BHIXO[HOTO YPOBHSI, UTO MTO3BOJIAT
OTpe/Ie/INTh HOMIUHATLHOE 3HAYEHHE MOTITHOCTH /ISt pe3rcTopa nenu 3o6est. Taknm
00pasoM, YCUIINTE b, UMEIOIINN Ha Bbixojie Hanpsskenue 20 B cpeHekBapaTuiecKo-
0 3HAYCHWS, TOJIKEH OBITh CIOCOOEH MPOIYCKaTh TOK BETNUUHON 248 MA cpeiHekBa-
nIpatnaHoro 3HadeHus Ha yactote 20 kI n paccemsars MomtHOCTS 0,62 BT. [loaTomy
MOKeT ObITh BEIOPAH 9JIEMEHT ¢ MOIIHOCTBIO paccestnust 1 Br.

Ha npaxrike MakcMMabHOE BO3JIEHCTBIE HA PE3UCTOP Teln 300e/1s1 OKa3hIBAETCsI BO
BpeMst BU HeyCcTORYNBOCTH, TAK KaK BO30YKIECHUE YCUIUTEJIST Yallle BCETo HabIo1aeT-
ca B nuanasone yactot 50—500 kT, [TosaToMy BHIOODP pe3rcTopa A0JIKEH IIPOU3BOIUTh-
cs1 TakK, 4TOOBI MPOTHBOCTOSTH TOMY XOTsI Obl B TeueHUe HEMPOJOJKUTETBHOTO
BPEMEHH, TIOKA OCTAJIbHBIE MEPBI HE CTAHYT OIYTUMO jieiicTBeHHbIME. [ToaTOMY BBIGOD
pe3ucTopa, PaCCYUTaAHHOTO Ha HOMUHAJIBLHOE 3HAYEHIE MOIIHOCTH OT 3 110 5 BT, saBi1s1-
€TCsT CaMbIM OOBITHBIM.

Yro6b! 3aBEPIINTH TAHHBIEN PA3/IEN, CJEAYeT OTMETHUTD, UTO MTPAKTHYECKH HET HUKA-
KUX COMHEHUH, 4TO 1ielb 306151 HeOOX0AMMO UCIIOAb30BaTh pH 000 HarpysKe,
KOTOpast XOTs ObI HAMOJOBUHY MMEET WHAYKTUBHBIN XapakTep. Pe3rcTop MoxeT GbITh
CTaH/IaPTHBIM ITPOBOJIOYHBIM, PACCUNTAHHBIM Ha MOIIIHOCTH paccestiust 5 BT uiu 6otee,
9TO MIPEJOTBPATHUT €T0 BhIropaHue 1pu Bo3uukHoBenun BY neycroitunBoctu ycuanre-
Jist. ITpOBOJIOYHBII PE3UCTOP MOKET CHUBHUTH 3((MEKTUBHOCTD PaboTHI 11emu 300e1s1 Ha
OYeHb BBICOKUX YaCTOTaX, OHAKO, Ha TIPAKTHUKE €T0 UCIIOJIb30BaHuE OOJIee YeM y/I0BJIe-
TBOPUTEJIBHO, 1eTTh 306e1s MPooKaeT 3 hEeKTUBHO OKa3bIBaTh CTAOMIN3UPYIOTIEe
BoO3JelicTBIE IPK paboTe ¢ MHAYKTUBHON HATPY3KOM.

7.7.4. BbixogHou gpoccesib

ToJbKO IS CAMBIX MPOCTBIX MOZIETICH YCUIUTENCH MOIHOCTH CYUTAETCST OOBIYHBIM
JIeJIOM HETIOCPEeICTBEHHOE TTOKII0YeHNEe BBIXOJHOTO KacKajia K BHEIIHEH HarpysKe.
Takoe HerocpescTBEHHOE MOAKIIOYEHIE BO3MOKHO OCYIIECTBIIATD, KaK MPaBUIO, 7S
yeuTesiell, y KoTopbix HeGoabioi koadduinent ycunernss OC 1 y KOTOPOTO 0CTa-
TOYHO OGOJIbIlIMEe TPpaHUIbI ycToHumBocTu HaiikBucTa, olpejessieMble PeaKTHBHON
Harpy3Kom.

Muorue 1o/l pazpabOTUNKU CXEM OTHOCHJIUCH € GOJIBINOI HACTOPOKEHHOCTHIO
K CUTYallld, KOT/J[a K UX YCUJIUTEJISM TOJIK/II0YaJach eMKOCTHAL 110 XapaKTepy Harpys-
Ka; XapaKTePHO CMITEHUE, KOTOPOE UCXOAUT K MOMEHTY CaMOTO MEePBOTO TpUMepa
KCIIOJIb30BAHUS Ha TIPAKTHUKE 3JIEKTPOCTATUYECKOTO TPOMKOTOBOpUTEid (hupmbl Ko
Akycruk (Quad Acoustic), KoTopoe BechMa HEIIPOAYMaHHO GbLIO CMOJEIUPOBAHO IIPO-
CTBHIM TIAPAJLIEILHBIM BKJIFOUEHIEM KOH/IEHCATOPa eMKOCTEI0 2 MKM ¢ TecTOBOI 1 06bI4-
HOW pe3WCTUBHON Harpyskoi, mmerotleir Beanunny 8 Owm. Ha camom ke jere,
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JIeHCTBUTEJIBHOE TTOJTHOE KOMILJIEKCHOE COIPOTUBJICHNE HATPY3KH, IIPe/ICTaBIgeMO
HJIEKTPOCTATUYECKUM TPOMKOTOBOPHUTEJIEM, IMEET TOPas/io 6oJiee CJIOKHBIN XapakTep,
YyeM IIPe/JIOKEHHBIM BapuaHT, B OCHOBHOM M3-3a IOBbBIIIAIONIEro Tpanchopmaropa,
HEOOXOAMMOTO JIJIST TOTO, YTOOBI Pa3BUTh HEOOXOANMOE HATIPSIKEHIE BO3OYKICHUS, IPU
9TOM HCIIOJIb30BAHUE JIUIIb TOJBKO OJHOTO KOH/IEHCATOPa ¢ eMKOCThIO 2 MKD MoxKeT
BBI3BIBATH HEYCTOWYNBOCTD YCUJIUTEIS, €CIU He OYAYT MPEATPUHITHI CIIEIUATbHBIE
3aIUTHBIC MEPBI.

Korzia mapasuieqbHO pe3ucTUBHOM HATPY3Ke MOAKIIOYAETCS OTIMCAHHBIM CTIOCOG0M
KOH/IEHCATOP ¥ TIPU 3TOM He UCTIOJIb3YETCs COTIACYIONNI BBIXOHOH JIPOCCETh, TO, KaK
06BIYHO OBIJIO TTOJAYUEHO HA TPAKTUKE, BEUUIHA EMKOCTH KOH/IEHCATOPA, BBI3IBAIOIIE-
IO MaKCUMAJIBHBII JeCTaOMIn3npyomuii ek, HaxouTcst Topaszo OJIMsKe K 3HaUe-
uuio 100 u®, a Bosce He 2 MmxD.

Haub6oJee ahpekTuBHON 3alMTHON MEPOI IIPOTHB TaKO (OPMBI HEYCTONYMBOCTH
SIBJISIETCSI KCTIOJIb30BaHIE HEOOJIBIIOTO IPOCCEIIS ¢ BO3AYITHBIM CEPICTHUKOM, OKIIIO-
YaeMOro MOCJIE/I0BATEIBHO ¢ BBIXOAOM yeuauTess. Takoil crnocob N30Jaupyer yCuiu-
TeJb OT TMAPAJIJIETHHO TIOAKIIOYEHHON eMKOCTH, He BBI3BIBAST PN 3TOM 3HAYNTEIbHBIX
[OTEPH B aKYCTHYECKOM YaCTOTHOM JMania3oHe. BeJnunHa WHIYKTUBHOCTH OOBIYHO
JiexkuT B Tipeenax 1—7 MkTH, BEPXHUIT TIPeIesT OTPENEIeTCs He0OX0IMMOCTBIO 130e-
JKaTh 3HAYUTEIHHOTO CI1a/1a XapaKTePUCTUKY Ha BBICOKOH YacToTe ITPU UCTIOJIb30BaAaHIN
Harpysku c¢ conporusienueMm 4 Owm. IIpu paccMoTpennn BapuaHTa Harpy30K BeJIMYU-
Hoil 2 OM BepxHee MpejieibHOe 3HaYeHNE JO0JIKHO ObITh YMEHBIIIEHO, KaK MUHIMYM,
BI[BOE.

OOBbIYHBIM METOIOM CUYUTAETCSI TECTUPOBAHUE MTEPEXOAHBIX XaPAKTEPUCTUK YCUJIH-
TeJId ¢ UCIIOJIb30BAHMEM CUTHAJIA ITPSIMOYTOJIBHON (hOPMBI M BBIXOTHON HATPY3KH, UMETO-
el mapaJsiesibHO BKJIOYEHHBIE 3JIeMEHTBI ¢ collpoTuBieHrueM 8 OM 1 eMKOCTBIO 2
MK®D, KoTopast HeOOXOAUMA JIJIST MOIETTUPOBAHUS YCJIOBHI TPUMEHEHMSI 9JIEKTPOCTATH -
YeCKOro rPOMKOTOBOPUTEJIS, IIPU 3TOM TaKKe YCJIOBUS pacCMATPUBAIOTCS B KaueCTBe
caMbIx TpeboBaTebHBIX. OTHAKO Ha BBIXOJIE YCUIIATEIST IPUCYTCTBYET APOCCEITb, U TIPU
Ha/IMYUU 3HAYUTENbHON EMKOCTHON COCTABIISIONIEN B HATPY3KE OHK BMECTe 00Pas3yioT
PEe30HAHCHBII KOHTYP, OLIpe/eIss HaIn4Ke IMKa Ha YaCTOTHON XapaKTepUCTUKe B BbICO-
KOYaCTOTHOI 06/1acTH, a TaksKe Ieperpys3ky (MaKCUMaJIbHBIN 110 aMILIUTYe BBIOPOC
HEYCTAHOBMBIIETOCS IIEPEXO/IHOTO IIpollecca) U 3aTyXalollnii IIepexo/[Hoi Ipoliece («-
3BOH» ) Ha KPYTHIX (DPOHTAX UMITYJIbCOB.

Takum 06paszoM, TO0GHbBIE TECTBI HA CAMOM JI€JIe BOBCE HE Q0T MCTUHHOW KapTUHBI
TIPU UCCIEIOBAaHNN YACTOTHOM XapaKTePUCTUKN yCuanTess. YTo kacaeTcs 3aTyXalonmx
[epexoHbIX Kojiebanuil («3B0Ha» ), KOTOPbIe IPAKTUYECKH BCeria Hab0MaoTcs Py
MPOBEICHUH UCIBITAHUN ¢ MOOOHON eMKOCTHO HArPY3KOH, VX MOSBICHNE CBI3AHO C
BO3HUKHOBEHUEM PE30HAHCA MEKTY BBIXO/THON WHIYKTUBHOCTBIO U UCTIOJIb3YEMbIM TIPH
TECTHUPOBAHUHU KOH/IEHCATOPOM U HE UMEET HUYETO 0OIIET0 CO CTAOMIBHOCTBIO YCUIIUTE-
sis1. 3aTyxarorne Koaebanust 00praHo HabIoaeTcs Ha gactotax okoiro 40 kI uim
OKOJIO TOTO, YTO SIBJISIETCSI CJMIITKOM MeJIJIEHHBIM MTPOIIECCOM, YTOOBI MOPHUIATH M3-3a
HUX JII000# YCUINTETh ¢ HOPMATLHO BBITTIOJHEHHOW Koppekiueit. Hamnume 3aTyxaio-
[IUX MEPEXOIHBIX KOMEOAaHU B YaCTOTHON XapaKTEPUCTUKE OTPEEJISIETCST BBIXOIHBI-
MU IIeMIMU, IaKe B TOM cJydae, eCJIv XapaKTePUCTUKU CaMOT0 YCUJIUTEIS N/ealbHBL.
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Ouenb XOPONIUM TIPUEMOM SIBJISIETCS UCIIOJIb30BAHUE racsaiero (JeMiupyIoliero)
pesucTopa ¢ HeOOJBbIINM 3HAYEHUEM COIPOTUBJICHMUS, BKIIOYAEMOTO IIapajliebHO
MHAYKTUBHOCTH, 9TO YMEHbIIIaeT J00pOTHOCTh Q) BO3HUKAIOIEro BhixoaHoro LC KoH-
Typa IIPU UCII0JIb30BAHNN EMKOCTHON HArPy3KH, & TAKJKe CHUKAET [eperpysKy (Makcu-
MaJIbHOE 3HAueHHWe AMILUIUTYbI BBIOPOCA MPU HEYCTAHOBUBIIEMCS TMEPEXOIHOM
Ipoliecce) U aMIUIMTY Ly KoJiebaH il 3aTyXalollero mepexoaHoro mpoiecca (<«3BOH» ).

Econ y ycwmresisi COBepIieHHO CO3HATETBHO 3aKOPOTUTD BBIXOIHOM IPOCCENb U TIPH-
JIOKUTh eMKOCTHYIO 10 XapaKTepy Harpy3Ky, TO, KaK IPABUJIO, 4ACTOTA BO30YKIEHILI
Oyner jexars B auarnasore 100—500 kI, Takoii pesKuM, eCiIi eMy TO3BOJUTH OCYIIeCT-
BJISITBCST, OKQ)KETCST Pa3pyLUIUTETbHBIM JIJIsi BBIXOAHBIX TPAaH3UCTOPOB. [Ipu ripoBeenun
OOBIYHBIX OIIBITOB C EMKOCTHOI HAIPY3KOii He HaOII04aeTCsl HITYEro MOX0Kero Ha «3BOH»>
B UMCTOM BHJIe. B JAaHHOM JKe cirydae COBEPIIEHHO He HAOJTIOIAeTCsI TAKOTO SIBICHMUST, KaK
OYEBHUJIHO BbIPAKEHHbIIT 3aTyXaIOIMIl «3BOH», TAK KaK 3aTyXalolie KojebaHus Ha 4acTo-
te 500 kI cKOpee BCero 03HAYAMT, YTO YCUIUTEh HAXOAUTCS OYKBaJIbHO B OJHOM
MaJIIOCEHbKOM IIIare OT Pa3pylIeHNs, BBI3BBAHHOIO BO30YKIE€HIEM.

[TombITKM M3YyUNTh 3TO SIBJIEHHUE HA MTPAKTUKE C MTOMOIIBIO CXEMbI, IIPUBEICHHON Ha
pHC. 7.5, OKa3aJINCh TIIETHBIMY M3-32 TOTO, YTO YCUIUTENb OKA3AJICS JOCTATOYHO YCTOM-
YKBBIM K BO30Y K AEHUIO, BBI3bIBAEMOMY €MKOCTHOM HAIPY3KOM, BO3MOKHO, IIOTOMY, YTO
koadduienT o01eil 0OpaTHON CBSA3U UMeJI CPaBHUTEIBHO cpejHee 3Hadenue. Kon-

OUTNETWK.CIR Output networks Cherry phase-compensated feedback. 16/8/95
8 Date/Time run: 01/19/96 21:02:57 Temperature: 25,0

40 B+

20 B+

0B -

-20 B+

-40B T T T T T T T
240 mkc 250 mkc 260 mxc 270 mke 280 mkc 290 mkc 300 mkc 310 mkc 320 mkc
Bpewms

Puc. 7.8. Bup nepexopHoM XQpaKTEPUCTUKM NPU U3MEHEHWM BENMYMHBI
MHAYKTMBHOCTH BLIXOAHOTO Apoccens. YBennueHne MHayKTUBHOCTH L cHu-
XOET YOCTOTY «3BOHAY, HE OKA3bIBAS 3HAYUTENBHOTO BAUSHUS HO AMMAIU-
TyAy MakcumanbHoro Beibpoca. Bpems HapacTaHus BxogHoro curHana
cocrasnsier 1 Mkc
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nercarop emkoctbio 100 1D, moAKII0OUYaEMbIi HETTOCPEACTBEHHO MapalIeTbHO BBIXO/-
HBIM KJIeMMaM, BbI3bIBaJl 3aTyxalolue kojebanus Ha yactore 420 kI, Torza Kak KOH-
nercatop ¢ eMkocTbio 470 1D Bbi3biBaJ «3B0H» Ha yacTtoTe 30 kI, a ¢ eMkoCcThIO 2 MKD
— nayacrore 125 kI,

B T0 Bpemst kak ombiThl ¢ Harpy3koit 8 Om u 2 MxD, onrcaHHble paHee, He TTO3BOJIN-
JIV BBISIBUTH HUKAKOI MHMDOPMAIIMK O TIEPEXOHON XapaKTePUCTHKE YCUTUTEIsI, B TPa-
JIUIIUN  UCCJIe/oBaTeNieil OCTaeTcsl YeTKO 3aredyaT/eHHbIM, W TPU 3TOM 4Yepecuyp
OTITUMHUCTUYHBIM, YTO BCET/IA CIIEAYET OKU/IATH €€ COBEPIIEHHO OUEBUIHOTO, SIBHO BbIPA-
SKEHHOTO IIPOSBJIEHUS, I03BOJIAIONIEr0 6e3 BCAKUX Kosiebanuil pacrnosHars ee. CHuxKe-
HUEe YPOBHSI BBIXOJHOTO «3BOHA» MMEET HEKOTOPYIO KOMMEPUYECKYIO TIEHHOCTbh, HAa HETO
OKa3bIBAIOT BJIMSTHUE HECKOJIbKO (haKTOPOB, TP BO3JEHCTBUU HAa KOTOPbIE BO3MOKHO
YCTPaHUTH BJIUsIHKE TIeperpy3ku (MaKCUMalbHOIO BBIOPOCA HEYCTaHOBHMBIIETOCS IIPO-
1ecca) u u3bexkarhb OTIYTUBAHUSI IOTEHIIMAIbHBIX TIOKYIATeIeI:

e BesuuynHa MHAYKTUBHOCTH BBIXOZHOTO Jipoccesis. Y BeJandeHne NHAYKTUBHOCTH
O/THOBPEMEHHO C COXPAaHEeHNeM HeNn3MEHHBIMU 3HAUYEHN BCEX J[PYTUX AJIEMEHTOB,
yMeHbIIaeT eperpysKy 1 BeJTMUNHY ITMKa Ha YaCTOTHOW XapaKTepUCTHKe, O/THAKO
PU 9TOM MUK CMelaercst B 06JacTh 6ojiee HU3KUX 9acTOT, TIOITOMY MOABEM

YACTOTHON XapaKTePUCTUKU HAYUHAET TIPOUCXOUTH B aKyCTHUECKOM [[MATIa30He.
Cwm. puc. 7.8 u 7.9.

OUTNET2.CIR Output network. 9/10/95
Date/Time run: 01/22/96 13:50:09 Temperature: 25,0
20

C Bo3pacraet

o

AN
I\

=30

T T T
3,0 Ky 10 Ky 30 Ky, 100 Ky, 300 Ky,
Yacrota

Puc. 7.9. Ysenuuenue BoIXOAHOM MHAYKTUBHOCTU YMEHBLIAET OCTPOTY NMKQ
M CMELLaeT ero nonoxexue B obnacts Gonee HU3KMUX 4ACTOT
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OUTNETWK.CIR Output Cherry phase-compensated feedback. 16/8/95

Date/Time run: 01/19/96 21:12:17 Temperature: 25,0
B

40B+

20B+

0B+

-20B

-40B T T T T T T T
240 mKc 250 mke 260 Mkc 270 mkc 280 mkc 290 mkc 300 mKc 310 mkc

Bpems

Puc. 7.10. BaunsHue uaMeHeHMs CONPOTUBAEHUS raCALLErO CONPOTHBIE-
HWS Ha nepexopHyto xapakTtepuctuky. ConpoTuenenue senmumHor 1 Om
MOYTU NONHOCTbIO YCTPAHSET NEPErPY3Ky (MOKCUMANbHYIO AMMAMTYAY
BbIGPOCA NPU HEYCTAHOBHBLLEMCS NpoLecce)

OUTNET2.CIR Output network. 9/10/95
0 Data/Time run: 01/22/96 13:43:33 Temperature: 25,0

Rnewmnd Boapacraer

e,

N\

-30 4

V4

/

-40 T T T
3,0 kT, 10 Ky, 30Ky 100 Ky 300 KTy

Yacrota

Puc. 7.11. BausHue nameHeHus CONPOTMBIEHMS rACSLLETO COMPOTHBIE-
HMsl HO NepexofHylo XapakTepucTiky. bonee HM3koe 3HayeHue conpo-
TMBIIEHMS YMEHBLUIAET BENUYUHY NMKa Ha yactote 40 k(i
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e BenmunHa CONMPOTUBIEHUS TACSIIETO PE3NCTOPA, BKJIOYAEMOTO IapaseTbHO
BBIXOIHOMY JIPOCCEJNI0. ¥ MEHBIIIEHNE €T0 BEJIMYUHBI YMEHbIIAeT J06POTHOCTH Q
BbIxoziHOTo LC pe3soHaHCHOTO KOHTYDA, a TaKKe YMEHbIIAeT neperpysky (Makcu-
MaJTbHBII BBIOPOC B HEYCTAHOBUBIIIEMCSI PESKUME) U «3BOH». BeslmunHa compoTus-
JIEHMSI COCTaBJIsIET, Kak 1paBuiio, okojio 10 OM, pe3rcTtop MOKeT ObITh 0OBIYHBIM
MPOBOJIOYHBIM, €T0 COOCTBEHHAS MHAYKTUBHOCTD HE MTPUBOAUT HU K KAKIM OCJIOK-
nerusam. Conporusienne 10 OM cHUKAET aMIUIMTY Ly MaKCHUMaJIbHOTO BBIOpOCa ¢
58 % 6e3 nemrndupoBanus 10 48 %, TP HTOM TaKKe 3HAYUTETIBHO CHIKACTCST «-
3BOH». OcCTpOTa BEJMYMHBI MUKOB HA YaCTOTHON XapaKTePUCTUKE YMEHBINAETCS,
“3MeHEHUE MTOJI0KEHUsI 110 YacToTe HeaHaunureabno. Cum. puc. 7.10 u 7.11. Besmun-
HAa COIPOTHUBJICHUST TaCSIIEro Pe3rcTopa MOKeT OBbITh PealbHO YMEHbBIIIEHA 10 TAKO-
ro HU3Koro 3navenus, kak 1 OM, Ipu yCa0BUH, YTO YCTOUYMBOCTDH YCUIUTEJIST B
06J1aCT eMKOCTHOI HATPY3KH OCTAETCsT HA/IEKHOM, & 9TO YMEHBIITAeT MaKCUMATTh-
HBII BBIOPOC B HEYCTAHOBUBINEMCST PEKUME ellle 3HauuTe bHee, ¢ 48 % 1m0 19%, u
MOJIHOCTBIO YCTPAHSIET «3BOH»; B 9TOM CJIy4Yae HabII0aeTCs IIPAKTHYECKU O[MHOY-
HBIHT BLIOPOC. SIBIISTETCS TN TaKas HATJSITHAST 3aBUCHMOCTD O0JIee TIPUBIIEKATENb-
HOU JIJIs1 IOTEHITNAJIBHOTO MOKYIIATENsl — BOIIPOC, KOHEYHO, UHTEPECHBIIL.

e Bennunna emMmkocT Harpys3Km. Ee yBe/n4yeHrne ¢ HEM3MEHHBIM 3HAaY€HUEM TlapaJji-
JIEJIHO BKJIIOUEHHOTO Pe3UCTOpa, PaBHbIM 8 OM, IPUBOAUT K GOJIbLIEH BeJIMUYIHE
neperpysku (aMIuiuTyze Boiopoca) u 6oJsiee HUBKOMY 3HAUCHUIO YaCTOTHI «3BOHA»,
Kose6anus KOTOPOro 3aTyxaloT Gojiee MeIeHHo. [IuKy Ha 4acTOTHON XapaKTepu-
CTHKe Kak 60Jiee 0CTpbIe, TaK 1 PACIIONOKEHBI HUKE 110 YaCTOTE, YTO HE MTPEACTaBIs-
€T TIPUBJIEKATEIbHYI0 KOMOMHAIMIO 3TUX XapakTepucTuk. OIHAKO 3TOT 3JIEMEHT
MPEICTABJISIET YaCTh CTAHAAPTHON TECTOBOM HArPY3KM U HOATOMY HAXOAMTCST BHE
30HBI BO3BMOKHOTO BEIOOPA €O CTOPOHBI KoHCTpYKTOpa. CMm. pric. 7.12 1 7.13.

e B J1eiicTBUTENHLHOCTH JK€ CAaMbIM BayKHBIM 13 BCeX (DAaKTOPOM, BIAUSIONIUM Ha MaK-
CUMaJIbHYIO aMILIUTYLy BbiOpoca (IIeperpysKy) U «3BOH», ABJISIETCS BPeMs Hapa-
CTaHUs TIOCTYTAIONIEr0 Ha BXOJ CUTHAJA TPSIMOYTOJbHON (OPMBI. ITO MHOIA
JIOTIOJTHUTETHHBIN (DaKTOP, KOTOPBIi, KaK TIPEICTABISETCS, OCTAETCSA TIOUTH HE U3Y-
yennpiM. Ha puc. 7.14 nokasaHo, 4To aMIUIMTY/la MAKCUMaJIbHOTO BbIOpOCA B HEY-
CTaHOBUBIIEMCSI PEKIMe, HAOII0aeMOro B cxXeMe, TIPUBEIEHHON Ha puc. 7.5,
cocrasyisieT 51 % 17151 BpeMeH! HapacTaHus nepeaHero (hpoHTa MMITYJIbCa, PABHO-
ro 1 MKc, HO cocraiisier Bcero 12 % miist Bpemenu Hapactanust 20 mxc. CraHOBUT-
cd SCHBIM, YTO Ha Pe3yJbTaTbl M3MEPEHUS TIEPEXOJHON XapaKTePUCTUKH,
MOJIyY€eHHBIE 110 IAHHON METO/INKE, MOTYT B 3HAUYUTEIBHON MEPe OKa3bIBaTh BJIUSI-
HUe XapaKTEePUCTUKN KaK UCIBITATEIbHOTO 000PYI0BaHIs, TaK U CKOPOCTh Hapa-
CTaHUs BBIXOJHOTO HampsbKeHWs. UTO B KOHEYHOM cYeTe He HCKJI0YaeT
BEPOSITHOCTH TIOJIy4aTh 9KCIIEPUMEHTATOPOM B X0/I€ HEKOTOPBIX MAHUITY IS
Pe3yJIbTat, KOTOPbIii 3apaHee ObLI ObI JKeTaTeJeH.

BBIXOIHOIT IPOCCEIb TOMKEH MMETh BO3AYIIHBII CEPAEYHUK, YTOOBI HCKIIOYITh BO3-
MOKHOCTh BO3HUKHOBEHWST IOMOJTHUTENbHBIX MCKAKEHN I, BBI3BAHHBIX HACHIIIIEHUEM
MarHUTHOTO MaTepuaja cepeunuka. /[poccenu ¢ heppuToBbIMU CEPACUHUKAMU, TIPE]I-
HaszHAYEeHHBbIE JIJIsT INATia30Ha 0YeHb BBICOKUX YaCTOT, 00ECIIEUNBAIOT JOCTATOUHYO CTa-
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OUTNETWK.CIR Output Cherry phase-compensated feedback. 16/8/95
Date/Time run: 01/19/96 21:12:17 Temperature: 25,0
60B

40B+

20B+

0B

-20B+

-40

B T T T T T T T
240 mKc 250 Mke 260 mkc 270 mkc 280 mkc 290 mkc 300 mkc 310mke
Bpewms

Puc. 7.12. YsenuueHne eMKOCTH KOHAEHCATOPA B HArPY3Ke YBENWYUBA-
€T BESIMYMHY MOKCUMAIBHOTO BbIBPOCA HEYCTAHOBUBLLErOCS NEPEXOAHO-
ro NPOLIECCA U YMEHBLIAET HACTOTY ero KonebaHuil

OUTNET2.CIR Output network. 9/10/95
) Data/Time run: 01/22/96 13:43:33 Temperature: 25,0

C Bo3pacTaer

40 *,

T T T
3,0 kY 10 Ky, 30 kMy 100 Ky 300 KTy,

Yacrota

Puc. 7.13. YeennueHne eMKOCTH KOHAEHCATOPA B HArPY3Ke YBEMYUBA-
€T OCTPOTY MOKCUMANBHOTO BbIBPOCA HEYCTAHOBMBLLErOCs IEPEXORHOMO
NpoLEecca 1 CMeLdeT ero nonoxeHue B obnacr 6onee HU3KMX HacToT
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OUTNET2.CIR Output network. 16/8/95
Date/Time run: 01/19/96 21:12:17 Temperature: 25,0

20 B+

0B

-20B T T T T
240 mKc 260 mkc 280 mKc 300 mKkc 320 mKc 340 mkc
Bpewms

Puc. 7.14. Haubonee BaxHbIM GAKTOPOM, OKA3BIBAIOLUMM BAUSHME HO
nepexofHbIe XapaKTEPUCTUKM, B AEUCTBUTENHOCTU SBNSETCS BPEMS HAPA-
CTOHMSI BXOJHOTO CUrHANA NPSAMOYToNbHOM $opMbl, 0COBEHHO 3TO aKTY-
anbHO AN AMNAMTYAB MakcumanbHoro Beibpoca (neperpysku). Ha
YOCTOTY 3ATYXAIOWMX KONEBAHNH, «3BOHAY, 3TOT GAKTOP He BAUSET

OUJIBHOCTH XapaKTEPUCTUK, OJHAKO, X JIUHEHHOCTD JOJKHA PACCMaTPUBATHCS KaK
BBI3bIBAIOIAS OIIPEeIeHHbIe cOMHeHUs. B 70-X rogax aABasnaToro Beka ObLIo MOJAHBIM
HCTTIOTE30BATE OJIMH U3 GOJBINIX 2TEKTPONTUTHYECKUX KOHJIEHCATOPOB HCTOUHNKA TTHTA-
HUSI B KQUeCcTBe KapKaca JIJIsl HAMOTKY KaTYIIKU WHAYKTUBHOCTH, UYTO, OJIHAKO, He MOJKET
paccMaTpuBaThCS B KauecTBeE 3aCIyKUBaIOIell BHUMaHUA ujien. MarHuTHble XapakTe-
PUCTHUKHU 3JIEKTPOTUTHYECKOTO KOHICHCATOPA, KaK CEPCYHUKA JIJI [POCCEis, TPOCTO
HEM3BECTHBI, & IMTHEHHOCTh MOKET OBITh CHIKEHA MPOCTO M3-3a TEILIA, PACCEMBAEMOTO
B KaTyIIKe IPOCCEJIs PU MPOXOXKAEHUN TOKA.

CornpoTuBieHust 0OMOTKHU IPOCCEIISA € BO3AYITHBIM CEPACYHIKOM U HHLYKTHBHOCTHIO
7 MxI'H, usroropsiennoi n3 20 BUTKOB MPOBOJIA ¢ AuamMeTpoM 1,5 MM (3TOro BIIOJIHE
MaTepUaJIbHOTO KOMIIOHEHTA CXEMbl, UMEIOIIETO IuaMeTp 3 CM U ITINHY 6 ¢M), OKa3biBa-
€TCsT BITOJIHE JIOCTATOYHO JIJISI TOTO, YTOOBI BBI3BATH H3MepsieMbie TPUOGOPHBIMU METOIa-
MU TOTE€PH MOIIHOCTH TIpu paboTe Ha HArpysKy ¢ comporuBieHueM 4 Owm
U IOMUHUPOBATH B BBIXOJIHOM MOJTHOM KOMITJIEKCHOM CONTPOTUBJICHNH, KaK OBLIO MOJIY-
YeHO B pe3yJibTaTaX M3MepeHUil Ha BbIBo/IaX ycuanTesst. CreoBaTeIbHO, TTPOBOJ IS
06MOTKY JIPOCCEIST IOJIKEH UMETh HACTOJIBKO GOJIBIION AUAMETP, HACKOJIBKO 9TO MOTYT
MO3BOJIUTH COOOPAKEHUSA OTHOCUTETHHO KOMIIPOMECCA MEXK/Y 1EHOI U KaueCTBOM.

MOITHOCTD PACCESTHUS JIJISt TACSIIIIETO PE3UCTOPA BBIOUPAETCS U3 CJEAYIONMX cO00pa-
skeruit. [Ins pesuctuBHON Harpysku 8 OM HampsyKeHMe HA BBIXOIHOM JIpOCCesie Mejl-
JIEHHO yBEJIMYMBAETCS C YACTOTOH, @ BeJIMYMHA MOIITHOCTH, PACCENBAEMOI Ha TacAIIeM
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pesucTope, JocTuraeT 3Hadenus TosibKo 1,2 MBT Ha yactore 20 k111 1719 BBIXOIHOTO HANPSTKEH WS
1 B cpeanexBagpaTHdecKoro 3HadeHys. ITOT IOACYET OTHOCUTCS K OOBIYHOMY 3HAYEHIIO
COTIPOTUBJIEHUS TACAIIET0 pe3ucTopa, paBuoro 10 Om. Eciiu ke BesinduHa COIPOTUBRIIE-
Hust camkaercst 10 1 OM, 4T0ObI MCKIIIOYKUTD «3BOH» IIPU paboTe Ha eMKOCTHYIO Harpys3-
Ky, Kak OBLIO OIMCAHO paHee, TO paccenBaeMasi MOIHOCTh BO3PACTAET Ha MOPSIIOK,
nocturad 3navennsa 12 mBrT.

Topasio GoJiee BEICOKHE 3HAYECHMST MOIITHOCTH PACCESTHISI BOSHUKAIOT B CJIydYae MCIOJIb-
30BaHUS TPAAUITUOHHON HArpy3KH B Bue conpoTusieruss 8 OM u emroctu 2 MKD.
Hampsi:keHre Ha BBIXOJHOM JpOCCeJie BO3PAacTaeT M3-3a Pe30HaHca ¢ KOHIEHCATOPOM
HarpysKH, 1 MOIITHOCTb, pacCenBaeMasi IIPU Pe30HAHCE B TACSIIIIEM PE3UCTOPE C COTTPOTUB-
snennem 10 Owm, cocrasisier 0,6 Bt muisa nanpsikennst 1 B cpennexBapatuaHoro 3Have-
HUsL. DTO 3HAYEHNUE, OJTHAKO, XapaKTEPHO JIJIST CBEPXBBICOKKUX yacToT (ropsiaka 50 kI ¢
npoccenieM 7 MKI'H) 1 UMeeT JI0CTaTOYHO PE3KUil UK, M0ITOMY CYIIECTBYET BeCcbMa
He00JIbIAs BEPOSATHOCTD TOTO, YTO MY3bIKAIbHBIA CUTHAI CMOKET BBI3BATH OOJIBIIOE
BbIJIeJIEHIE MOIIHOCTH B PE3UCTOPE IIPU HOPMaJIbHOM peskume paboTbl. O[HAKO, 4TO Kaca-
ercs neny 300es1s, HeOOX0AUMO IIPUHATH BO BHUMaHUE HEKOTOPbIE [AOIYILIEHUS IIPU
TECTUPOBAHUU CUTHAIOM CUHYCOMIATBHON (hOPMBI U TIOTEPH KOJIe6ATETHHOTO TIPOIIECCa,
MO9TOMY BEJIMYMHA MOIITHOCTH PACCESTHUSI [IJIsI TaCSIIIEro Pe3ucTopa OGbIYHO IPHHUMAET-
csamexay 1 u 5 Br. O6bIHOE MPOBOJIOYHOE COMPOTHBJIEHHE PabOTaeT JOCTATOYHO XOPO-
1110, He BbI3bIBasl HUKAKUX TPOGJIEM CBOEi COOCTBEHHON MHLYKTHBHOCTBIO.

7.1.5. BennumHa MHBYKTUBHOCTU BbIXOAHOIO Apoccens

Kax yske yKasbIBaJOCh paHee, BBIXOJHOM JPOCCEb, UCIIOJIb3YEMBIN BO BCeX padpaboTKax
aBTOPOM KHUTH, MMeJi 20 BUTKOB M BEJIMYUHY WHYKTUBHOCTU MTpuMepHO 6 MKIH. [Ipn
JTAIBHENIINX UCCIAEOBAHUSX JIPOCCENb OB YMEHbBIIEH BABOE, €0 MapaMeTPhl MOCTe
M3MEPEeHU COCTaBUJIN: MHAYKTUBHOCTH PaBHsIACh 2,3 MKI'H 1 CONIPOTUBJICHIE TOCTOSTH-
Homy TOoKy — 10,1 MOM. DTOT aj1leMeHT OocTaBasiCcsi HEM3MEHHBIM TIPU BCEX BEJTMYMHAX
€MKOCTH, OJTHAKO, He 06eCTIeYNBAI BBITIOJTHEHHE TOYHOTO TECTHPOBAHMST TIPH UCTIOIH30Ba-
HUM PeabHbIX rpoMKoroBopuTtesieit. Ceityac OH BBIMJISAE TOPa3no HoJee MOX0KUM Ha
«yCPEeIHEHHBIN» IPOCCEIh YCUIUTEJIs], YeM Ha CBOEI0 YBEJIMYEHHOTO cobpara.

AJIbTePHATUBHBIM METOJIOM JIOCTUKEHUS YCTOMYUBOCTH SIBJISIETCST UCIIOJIb30BAHNUE
BMECTO [[POCCEJis TIOCJIeN0BATEIBHO BKJIIOUEHHOTO pe3ucropa. /laxke mpu Harpyske
100 1O BBIXOAHOII IPOBOJIOYHBIIT pe3ucTop ¢ corporuienueM (0,1 OM ycrpatser «3B0H»
Ha BBIXOJIE YCUJUTEJI. ITOT METO/I JIETEBIE, HO TOPa3/io MeHee a(h(eKTUBEH 110 CpaBHe-
HUIO ¢ IpoccesieM, Tak Kak BMecTo corpotuBienus 10 MOwm , nmeroriierocsi B ipoccedie ¢
MHAYKTUBHOCTBIO 2,3 MKI'H, B cXeMy BBOAUTCS JONOJTHUTETbHOE conpoTuBiaeHne 100
MOM. KoaddurmenT ocrabiieHust ipu uctosb3oBanuu pesucropa 0,1 OM He MOKeT TIpe-
BbIIaTh 3HaUeHUsT 80. Bosee cepbe3Hoe Bo3pakeHNe 3aKTI0YAETCS B TOM, UYTO BBIXOTHAS
MOIIHOCTD Ha COMPOTHBIeHNN 4 OM Gy/IeT 3HAYNTENTBHO YMEHBITIEHA: YCUIIUTENb C BHIXO/I-
Holl MorHocThio 200 BT 1 Harpyskoil 4 OM Oy/eT HUSBeIeH K YCUIIUTENIO ¢ BBIXOIHON
MortrtHocTbIo 190 BT, uTo He mpeicTaBIseTcs 10CTATOUHO IPUEMIIEMBIM PE3YIbTATOM ITPU
TIATEIBHOM PACCMOTPEHUH, XOTsI CHIIKEHUE B Pa3inyaeMoM (OpPraHaMHu CJIyXa) YPOBHe
MOIIHOCTH ¥ OKA3bIBAETCST HE3HAUNTETBHbIM.
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7.7.6. ekt coeanHUTENbHbIX Kabener

Ecsn paccMaTpuBarh CUCTEMY, COCTOSIIIYIO U3 YCHJIUTEISI, COEIMHUTETbHBIX Kabesieil
1 aKyCTHYECKOI CUCTEMBI, B KAYECTBE eIMHOM, TO 06IIIee MOTHOE KOMIJIEKCHOE COTTPOTUB-
JIEHUE COEeINHUTEbHBIX Kabesell ¢ Harpyskoil 8 OM OKasbIBaeT CJIeyIOIIee BIUSHIE:

o [locTosIHHOE yMEHBITIEHVE AMITJTUTY/Ibl CUTHAJIA, BBI3BAHHOE COITPOTHBJICHUEM COETMHI-
TENBHOTO Kabesist, KOTopoe 06pas3yeT JAeNTe b HATIPSKEH ST COBMECTHO € HATPY3KOH 8
OwM. Pe3ncTrBHAsT COCTABISATIONIAS BHIXO/A YCHIUTEIST OOBIYHO STBJISIETCST HE3HAYNTE b~
HOM.

o Cr1aji XapaKTepUCTUKN Ha BbICOKOH 4acTOTe U3-3a MHIYKTUBHOCTH COCAMHUTEIBHBIX
kabeJiel, 06pasyolieil coBMecTHO ¢ Harpyskoii 8 OM LR GuibTp HUKHUX 4acToT.
BbIxoziHast MHAYKTUBHOCTD yCUUTeIst (HEOOXOAMMAst, YTOObI 06ECTIeYnTh YCTONYN-
BOCTD TIPU paboTe ¢ EMKOCTHO HATPY3KOiT) T0OABIISIETCST HETIOCPENCTBEHHO K YKA3aH-
HOW, yBeTmurBast 0011ee MoCJIe/I0BATE/IbHOE COTIPOTUBIEHNE. BesmurHa myHTupyomnein
€MKOCTH JTI060T0 HOPMATILHOTO COEIMHUTETTLHOTO Kabesisi T]POMKOTOBOPHUTEJIST, KK TIpa-
BIJIO, OUeHb MaJla ¥ He MOKeT OKa3aTh 3HAYNTEILHOTO BINSHIS Ha YACTOTHYIO XapakK-
TEPUCTHKY UJTH EIIE YTO-HUOY/Ib.

OCHOBHBIMU KPUTEPUSAMMU TP BBIOOPE COEMHUTENbHBIX Kabesiell rpOMKOTOBOPHUTE/IEH
SIBJISIFOTCSI, CJIEZIOBATETHHO, BETMINHBI TIOCIIEZI0BATETHHOTO CONPOTUBJICHUST U MHTYKTHBHO-
cru. Ecim 3Hauenust atux napamerpos Jieskat Huske snadernii 100 MOm u 3 MxTH, To 1100b1e
s deKThl OyayT HE3BHAYUTEILHBIMIL. DTHM TPEOOBAHUAM MOKET YIOBJIETBOPATH CUIIOBOI
Ka0eJTb, PACCYMTAHHBII HA HOMUHAJIBHBIN TOK 13 A, 0COOEHHO B TOM CJIy4ae, €CJIN UCTOJb3Y-
10TCST BCE TPH SKUJTBL.

Ecin ycummreb MogKIoYaeTest K 0ObIMHOMY IPOMKOTOBOPUTEIIO IPOBOIOM, KOTOPBII
006J1a12€T HE TOJIBKO YICTO PESUCTUBHBIM COIIPOTUBICHIEM, TO OYAYT IPOSIBIIATCS CIAYIO-
e 3¢ PEKTHI:

e Ha yacToTHOIT 3aBICUMOCTY HANIPSI’KEHMST HA BBIBOZIAX IPOMKOTOBOPUTEJIST TIPOSIBJIS-
0TCST HeGOTBIITIE MAKCUMYMBI U TIPOBAITBI TI0 MEPE TOTO, KaK HeEPABHOMEPHOE TIOJTHOE
KOMILJIEKCHOE COMPOTUBJIEHHE IPOMKOTOBOPHTEJIST HATPYKAET KOMOMHAIIUIO U3 TTOCJIe-
JIOBaTeIbHO BKJIFOYEHHBIX COIIPOTHUBIIEHNI 13 TIOJTHOTO KOMILIEKCHOTO COIIPOTUBIIECHUST
VCUJTUTETIST U COTIPOTHBIIEHTST COIMHUTEBHOTO KaOeJIs.

e [lepemeHHOE 110 BeTMUIHE CONPOTUBJIEHNE HATPY3KU OKA3bIBAET BJIMSTHUE HA XapaKTe-
pucTHKA ncKakenuit yeummrestd. BU mckaskeHms nepeceveHns HyJIeBOTO YPOBHST yMe-
HBIIIAIOTCSI, €CJIU COIPOTUBJIEHNE HATPY3KU BO3pAcTaeT Bbilie 3HaveHus 8 OMm, He
MU3MEHSAIONAsACS 110 BeJmuuHe Harpyska 68 OM ysesmuusaer BY nckaskenus Bolie
YPOBHSI, XapaKTEPHOTO IS HEHATPYKEHHOTO yerriTelist. [[Jist 60Jiee BBICOKOM 110 cpaB-
HEHMIO co 3HaYeHneM 8 OM Harpy3KH, ICKaKeHNsT TlepeceveH st HyJIEBOTO YPOBHST MOTYT
TPOJIOJIKATH BO3PACTATH, HO OOBIYHO ITOT MPOTIECC MACKUPYETCS HACTYTIIIEHUEM HeJTH-
HEWHOCTU cUJIbHOTO curHasa [16].

e TIpoBasTbt GOTBITION MHTEHCHBHOCTH B 3aBCUMOCTH OT TTOTHOTO KOMTITIEKCHOTO COTTPO-
THBJICHUSI MOTY T HEOKU/IAHHO TPUBECTU K CPAGATHIBAHUEO CXEMBI 3AIIIUTDI OT TIEPETPY3-
Ki. AMIUTYaBl curHaga Gosbiie B obmact HY, moaToMy MpOBAJIbI TIOJTHOTO
KOMILJIEKCHOTO COTIPOTUBJIEHHST B ATOH 0OJIACTH MOTEHTINATBHO GOJIEe BEPOSITHBL, YTOOBI
BBI3BATh IPOTEKAHNE 3HAYNUTENBHOTO 10 BEJTMYNHE TOKA U IPUBECTHU B IEliCTBUE
CHCTEMY 3alUTHL.
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Puc. 7.15. a) BaaumHoe BnusHMe BbIXOAHBIX KOTYLLEK MHAYKTUBHOCTH B
cTepeodOHMYECKOM ycunuTene MowHocTH. 6) DkcnepumeHTanbHas
cxema. B KaTylwKe UHOYKTUBHOCTU «A» NPOTEKAEeT TOK C NOCTOAHHbIM
3¢ PeKTUBHBIM 3HQYEHMEM, HO BBIBOAOX «MNPUHMMAIOLLEN» KOTYLUKM
MHAYKTMBHOCTH «B» n3MepseTcs HaBegeHHOE HanpsaxeHne

PacctosiHue
Mexay
obmoTkamm
-

Puc. 7.16. BsaumHoe pacnonoxenue AByX KaTyweK MHAYKTMBHOCTH,
COOTBETCTBYIOLLEE UX COOCHOMY, MMM KOOKCUANBHOMY MONOXEHMIO
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Puc. 7.17. YpoBeHb nepekpecTHbiX MOMEX B 3ABUCUMOCTM OT PACCTOSI-
HUS MeXAY COOCHO PACMONOXEHHbIMU KATYLIKAMM MHAYKTUBHOCTH
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7.8. lepekpecTHble MOMEXU B BbIXOAHOM Apoccene ycunutens

ITpu pa3paboTKe CXeMbI CTEPEO(MOHUIECKOTO YCUTUTESI MOIITHOCTH BCET/[A BHI3BIBAET
Cephe3HyI0 03a60UEHHOCTD MPoGIEMa MEKKAHATBHBIX IEPEKPECTHBIX TOMeX. B HacTos-
1ee BpeMsi, KOT/la YCUJIUTENb [Tl IOMAIITHETO KHHOTEATPA € CeMbIO (aKyCTUIECKIMM )
KaHaJIaMU CTAHOBUTCS CAMbIM OOBIYHBIM, IIPOOIEMa [EPEKPECTHBIX TOMEX IIPHOOpETaeT
ocoboe 3HaUEHNE, TaKe M0 TON TTPUYNHE, YTO KAHAIBI IOJDKHBI PACTIONAraThes TOPA3Io
6osiee TecHO. B TaHHOI KHUTE pacCMaTPUBAETCST OJIMH aCTeKT aTOH mpobseMbl. [IpakTu-
YeCKU BCE YCUITUTETH MOTITHOCTH UMEIOT BBIXOIHBIE IPOCCENH, JIJIs TOTO 4TOOBI 0bectie-
YUTH YCTONIUBOCTD POTUB EMKOCTHOM COCTABJISAIONIEN COMTPOTUBIIEHNS, TOITOMY YacTO
BO3HUKAET BOIIPOC, SIBJISETCS JIM UCIIOJIb30BAHNE UHIYKTUBHON CBSI3U MEXKIY ABYMsI
(KaHa/IaMH1 ) TIPUTOAHBIM B TOM CJIydae, KOrJa CTOMT 3aja4a n30aBUThCS OT MEPEKPECT-
HBIX 1ToMeX. /J[0CTaTOYHO YacTO MPEeAIONIATAETCsI, YTO Vi KATYIIeK WHIYKTUBHOCTEN
(KOTOPBIE IOCTATOYHO YACTO BBITIOTHSIOTCS B BUJIE COJIEHON/IA, UMEIOIIETO [TUHY U [Ia-
MeTP IPUOJIU3UTETHHO OJTHOTO MOPSIIKA BEJIMYNHBI) TIPH YCTAHOBKE B aIllIAPATYPE € OPU-
eHTaIel MX OCell OTHOCUTEJIBHO JIPYT APYTa MO/ TPeOYEeMbIME YIJIAMH, OTJIMYAIONIUMUCST
OT B3aMMHO TIAPAJIETBHOTO HAIIPABJICHMsI, OYIeT BIIOJHE JOCTATOYHO, YTOOBI CBECTH K
MUHUMYMY MX B3auMHoe BiustHue. Ho BO3HUKaeT BOIpoc, a Tak Ji 00CTOUT JIeJI0 B JIeH -
CTBUTEIbHOCTU?

ABTOp KHUTH CYMTAET, YTO OH BIIPABE 3asIBUTD, YTO COBEPIIIEHHO OTCYTCTBYIOT ITyOJIH-
Kalluu 110 9TOMY BOTIPOCY, U UTO MPHIILIO BPeMs HAKOHeI[ c/iesiaTh 3T0. Criia aJleKTpo-
MarHUTHOTO B3aUMOJIEHCTBUS KaTyIIeK, 6e3 BCIKUX COMHEHUIT, MOKeT OBbITh pacCuMTaHa
(XOTsI TaKOW €roco6 U He JJIst aBTOpa JAHHOKN KHUTH ), O[HAKO, KAK 9TO YaCTO CIYYAETCsT
B GJICTATETbHOI TPOMECCHN 9JIEKTPOHIIMKOB, TOPA310 MPOIIE U OBICTPEE MTPOCTO MPOU3-
BeCTH HEOOXOIMMbIE U3MEPEHUSL.

Obe KaTyIKy WHAYKTHBHOCTH, HCTIOTB3YEMBIE aBTOPOM KHUTH, UM 10 14 BUTKOB
MEJTHOTO MTPOBOJIA AMaMeTpoM 1 MM, ITTUHY 110 22 MM 1 uameTpsl 110 20 Mm. THAYKTHB-
HOCTh KayKJIOW PaBHAJTACH BeJIMYUHE TTopsiaKka 2 MKIH U Kask/1ast Mpe/ICTaBisia B 601b-
0¥ CTEMIEHU «YCPEIHEHHYI0» BBIXOIHYIO KaTYIIKY, IPUTOAHYIO JJIsT CTAaOUIM3AIINT
YCUJIUTEJIS, BILIOTh 10 YCUJIUTEJs, PACCYUTAHHOTrO HA MOITHOCTDh 150 BT u narpysky 8
Owm. Karyuku WHAYKTUBHOCTH C IPYTHMHU XapaKTepPUCTHKAME OYAYT JaBaTh HECKOIBKO
WHBIE PE3yJIbTAThl, HO 9KCTPAMOJIAIIS PE3YJIbTaTOB /I MMEIOIIETOCS B HATTMYUH HK3€M-
misipa GyJIeT TOCTaTOUHO MPOCTOI: HAMPUMEP, YBEINYEHUE KOJMYECTBA BUTKOB B/IBOE
JUIST KsKJIOM KaTYIIKU Oy/IeT O3HAYaTh YETBIPEXKPATHOE YBEJIMUEHIE UX B3AaMOJIEHCTBHSL.

Ha puc. 7.15 nmpuBoauTcs cutyaiust, XapakTepHast [17isi CTepe0OHUIECKOTO YCUINUTe-
Jist MotitHOCTH. TloJie, Bo3HMKaroIee TIPU IPOTEKAHNN TOKA B KaTYIIKe A, HABOAUT 9.]1.C.
B Karymike B, mo3ToMy HalpsUKeHHe CUTHAJIA TIEPEKPECTHDBIX TOMEX OYeT 00aBISITHCS
K BBIXOTHOMY CUTHaITY B.

Ha puc. 7.16 npezcrasiena sxcriepuMenTanbHas cxema. Karyika A Bo3Oyskmaercs ot
reHepaTopa CUTHAJIOB C BHYTPEHHUM COIPOTUBJIeHneM uctounuka 50 OM, HampsKeHe
curHaa coctasisier 5 B cpennexBagparnanoro 3uaderust. DakTHYIECKU OHO BCE MAAeT
Ha BHYTPEHHEM COTIPOTHBJIEHUU UCTOUYHUKA, [I09TOMY B KaTyIiike B rporexaer mocrostu-
HbIl TOK 100 MA cpeHEeKBaIpaTUIHOTO 3HAUEHUSI.

Ha puc. 7.17 npuBoauTCS TIEPBBI PE3yIbTAT, TTOJTYIEHHBIN TIPU COOCHOM (MJTH KOAK-
CUAJIBHOM ) PACIIOJIOKEHUN KATYIIEK, KOT/IA X TOPIEBbIE TOBEPXHOCTU COIIPUKACAIOTCS.
(Taxoe ux B3anMHOE PacMooKeHre, KaK MOKHO TPE/oJaraTh, IPeJACTaBIseT HamX-
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A
PacctosiHue
Mexay
obmoTkammn
B

Puc. 7.18. PacnonoxeHue kaTyLuek MHAYKTUBHOCTM NPU NAPQIENLHOM,
HO HECOOCHOM B3AMMHOM HOMPABNEHNM UX OCEN

VAN ciyvail /71 uX B3auMHOTo BJMsiHUS.) [lepekpecTHble MoMexy BO3pacTaioT co
ckopoctbio 6 15 /0KTaBy, Tak Kak HaNpsKeHUe, MHAYIIMPOBAHHOE B KaTyIike B, mpo-
MOPIMOHATBHO CKOPOCTU U3MEHEHUS MAaTHUTHOTO TTOTOKA, & AMIJIUTY/Ia MAarHUTHOTO
noroka pukcuposana. O4eBHUHO, YTO PACCMATPUBAEMBIII CITyYail OTIMYAETCS OT CJIY-
Yast paboThl OOBIYHOTO TPaHCHOPMATOPA, AJIsT KOTOPOTO YaCTOTHAST XapaKTePUCTHKA
mockas. B tpancdopmatope HHAYKTUBHOCTD IEPBUYHON OOMOTKM HAMHOTO (OJIbIITE,
YeM MTOJTHOE KOMIIJIEKCHOE COITPOTUBJIEHIE TTOCIE[OBATETbHOI IIE€TH, TOITOMY MarHUT-
HBIU [TOTOK, KOTOPBIU MEpeceKaeT BTOPUUHYI0 0OMOTKY, YMEHbBIIIAETCST HATIOJIOBUHY,
KOT/[a YaCTOTa BXOJHOTO CUTHAJIA YIBAUBAETCS, & BEIUYMHA HATIPSI)KEHUsT, HABOAUMO-
IO BO BTOPUYHON OOMOTKE, OCTAETCsI HEU3MEHHOU. Y POBEHD TIEPEKPECTHBIX TIOMEX Ha
yacrtore 20 k't 6611 BBIOpAH B Ka4eCTBE 9TaJIOHHOI0, COOTBETCTBYoMIero yposHio 0 1b.
ITO MPeNCTaBICHO YPOBHEM HaNpsiKeHUsT 2,4 MB cpefiHeKBaipaTUYHOTO 3HAYEHWS HA
BBIBOJIaX KaTyliku nuaykTuBHoctu B. Tok Bemmunnoit 100 MA cpeiHeKBaJpaTUdHOrO
3HAUYEHMS B KaTYIIIKe MHAYKTUBHOCTH A cooTBeTcTBYyeT Harnpsikeruio 800 mB cpenek-
BaJ[PATMYHOTO 3HAUEHUS HA Harpy3ke 8 OM, MO3TOMY JIAHHBIE BETMUNHBI IATOT UTOTO-
BOe 3HAYeHUe IEePEKPECTHBIX MOMeX, HABOAMMBIX OT OJHOTO KaHaJa B APYroil, Ha
yposHe -54 1b na gactore 20 kI'1. OHM IPOOIIKAIOT CBOE YEPHOE JIEJIO0 U BLITIIE YACTO-
b1 20 K1, HO y’Ke HMKTO He MOKET BOCIIPUHUMATH ITOTO Ha cIyX. Bee 3aBucumoctu
LTSI TIEPEKPECTHBIX TIOMEX, TIPUBE/IEHHBIE fanee, Taubl 1711 yacToTsl 20 kI

3aTeM KaTyLIKU Pa3/BUTAJIUCh, KXk Iblii pa3 Ha pacctosinvie B 10 MM, Ipu Kask10M
YBEJIMUEHUH PACCTOSTHUS MEKY KaTyIIKaMi HHAYKTHBHOCTU HA 10 MM ypoBeHb TIepe-
KPeCTHBIX ToMeX cHIsKasicst Ha 10 b, kak 9To BUHO 13 3aBUCUMOCTH, TPUBEIEHHON Ha
puc. 7.17. TIpu paccTosHum Mex 1y KatylkaMmu HHAYKTUBHOCTH, paBHoM 110 MM 1 koTo-
poO€e MOKHO CYUTATH JOCTATOYHO TUITMYHBIM JIJISI PA3JIMYHBIX KOHCTPYKIIUA, YPOBEHD
MEPEKPECTHBIX TOMEX CHU3UIICA Ha 47 1B OTHOCUTENbHO HAYaJILHOTO ATATIOHHOTO YPOB-
HS1, [IaBast CYMMapHBIN YPOBEHb CHUMKEHUSI [IEPEKPECTHDIX TOMEX, KOTOPbIE OyeT otipe-
nessathest cymmoit: (54 + 47) b = 101 ab. 910 — oYenb HUSKWIT YPOBEHD U PACTIONIOKEH
OH B CAMOM BepXY akyctudyeckoro nuarmasona. /[l yactorsl 1 k[, e uenmoBeueckoe
VX0 UMeeT Topaso 60Jiee BBICOKYIO YYBCTBUTEIBHOCTD, YPOBEHD EPEKPECTHBIX TIOMEX
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Puc.7.19. YpoeeHb nepeKkpecTHbix NOMEX B 30BUCMMOCTU OT PACCTOSHMS
MeXAy KQTYLUKAGM1 MHAYKTMBHOCTM NPM NApasesbHOM OPUEHTALMU X OCEM

Oyzer elie npuMepHo Ha 25 1B HuKe, 4TO B cyMMe JacT 3HayeHue ocaabnenus -126 1b,
YTO, KaK I10JIaraeT aBTop KHUIH, He MOKET IPEACTABJIATH BOOOIIE HUKAKOW IIPOOIEMbI.
Takue pe3yabTaThl TOJYYEHBI IPU TAKOM B3aWMHOM PACIOJOKEHUN KATYIIEeK HHIYK-
TUBHOCTHU, KOTOPOE MOKHO CYMTATh CAMBIM HepalioHaabHbM. Ocrabienne B3auMoeii-
CTBUST MEK/Y KaTYIIKAMU UHAYKTUBHOCTHU cocTaBJsieT —32 1B 1Py pacCTOSTHUN MEXKTY
HuMu 50 MM; 9TO 3HaUYeHKe 0cIab/IeHIs Ha 9TOM PacCTOSHUN ObLIO BBIOPAHO B KAUeCTBE
BEJIMYMHBI, UCITOTH3YEMOT JIJIS CPABHEHUS MEXK/TY PA3JIMUYHBIMUA BAapUAHTAMU B3aUMHO-
TO MOJIOKEHUST KaTYIIeK.

Crenyiormast KOHOUTYpAIUS JJIsE ONIpeleIeHUs BIAUSHUS B3AMMHOTO PACIIONOKEHUS
KaTyIIeK WHAYKTUBHOCTH TIPUBOANTCS Ha puc. 7.18, mpu KOTOpO#t ocu KaTy1iek pacio-
JIaTaJIUCh TIapaJlIe/IbHO APYT APYTY, IIPK 9TOM CaMU KaTYIIKU COIPUKACAIICH OOKOBbI-
MU [OBepXHOCTSIMHU. Pe3ysibTaThl m3MepeHuil npuBoadrcs Ha puc. 7.19; ypoBenb
MEPEKPECTHBIX TIOMEX JIJIS1 PACCMATPUBAEMOTO B3AMMHOTO TTOJIOKEHUS U JIJIST PACCTOSIHUS
MesKay HuMmu, paBHOro 50 MM, coctasssier —38 ab. [Ipu KakIoM yBeTn4eHun paccTosi-
HUSI MEKIY OOKOBBIMU IIOBEPXHOCTSIMU KaTYIIEK MHAYKTUBHOCTU Ha 10 MM ypoBeHb
MEPEKPECTHBIX TTOMEX CHUZKAETCS Ha 7 1D, DTOT pe3ybTaT Xy:Ke, YeM JIJIs carydast rmepe-
KPeIUBAOIIMXCI OCell KaTylIeK NHAYKTUBHOCTH (M KOTOPbII OyeT pacCMOTPEH YyTh
I037K€ ), HO JIyUIIle [0 CPABHEHUIO C COOCHBIM (MJTH KOAKCHAJILHBIM ) UX PACIIOJIOKEHUEM.

[Tpu mocretHEM BapraHTe B3AMMHOTO PACIIOIOKEHUS KaTYIIeK WHIYKTUBHOCTHU YTOJI
MEXITy UX ocsiMu coctansieT 90°, T.e. Tak HazbIBaeMOE TIOJIOKEHME C TIePEKPENTUBAIOIIHN -
MHUCSI OCSIMH. 32 HCXOHOE MOJIOKEHNE TIPUHSTO TaKoe, KOr/ia 00pasyoliie IUIHHIAPOB
(60KOBbIE MOBEPXHOCTH KaTYIIEK) COBIALAIOT C HAIlPaBJAEHEM KOOPAMHATHBIX 0Ceil
JIEKAPTOBOI CUCTEMbI KOOPJIMHAT, TPHUYEM KaTYIITKU KacaloTcs JAPYT APyra B TOUKE Tepe-
cedeHus1 KOOpAnHATHBIX ocelt (cM. puc. 7.20). Korpa kaTyiku HaX0oAsTCs B OJIOKEHUN
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PaccTosiHne
Mexay A
obmoTkamu

Puc. 7.20. BzanmHoe nonoxeHune kaTywek MHAYKTUBHOCTM Ans nepe-
KPELUMBAIOLENCS OPUEHTALMU X OCEN
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Puc. 7.21. YpoeeHb nepekpectHbiX NOMEX B 30BMCMMOCTM OT paccTos-
HUS MEXAY KOTYLIKAMM MHAYKTMBHOCTM MPU NepekpeLiMBatoLLEncs opu-
€HTALMM MX OCEM

PaccTosHne
Mexay
obMoTKamu

CwmelleHne

Puc. 7.22. BsanmHoe NonoxeHne KOTYLIEK MHAYKTMBHOCTH NSl CTy4as
nepeceyeHms X ocei co B3AMMHOM KOMNEHcaumen
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Puc. 7.23. YposeHb nepekpecTHbIX MOMEX B 30BUCUMOCTH OT CMELLEHMS
OTHOCHTEJIbHO JIMHMU BbIPDABHUBAHUSA B3AMMHOIO MOJIOXEHMUS KATyLIeK
MHAYKTMBHOCTM C NEPECEKAIOLUMMMCS OCSMM M PA3HECEHHBIMU HO PACCTOS-
Hue 20 MM (c Mcnonb3oBaHMeM 3¢ deKTa B3AMMHON KOMNEHCALMM Nonei)

X, Kacascp JApPyT JAPYyTa, IepeKPecTHbIC TIOMEXU TPAKTUYECKH OTCYTCTBYIOT M3-32 B3a-
UMHOU KoMmTIeHcaIuu. [Ipyr TakoM MIJIOTHOM PACIIONIOKEHWH KaTyleK WHAYKTHBHOCTH
a(dexT HACTOMBKO HEBHAUUTENBHBIN, UTO OIIpe/ieJIEHNE eTo B KOJNYECTBEHHOM (hopme
CTAHOBUTCS MTPAKTHIECKH HEBO3MOXKHBIM. MaJteiitast echopmartust 1060t 13 KaTyIiek
paspymiaet achdekt. Pe3yabTarsl yaaseHus KaTymku A OT KaTyliku B npuBoagrcs Ha
puc. 7.21. YpoBeHb 11epeKpeCTHBIX TOMEX JIJIS1 PACCTOSHUS MEKY KaTyITKaMu, paBHO-
ro 50 MM, coctaBiisier —43 1B, yrydiieHre o CPaBHEHUIO ¢ COOCHBIBIM PACIIOJIOKEHM-
eM Kary1iek coctapisger 11 1B; Bpanienue karyiek okasbiBaeT He CTOJIb 3HAUUTETbHBIN
addekT, Kak ciegoBano Obl 0xkuAaTh, Kaskablii pas mpu cMelieHnn KaTyku Ha 10 Mm
repeKkpecTHbie ToMexu cHkatoTes Ha 8 b, a ne na 10 nb.

CoBepIleHHO 0YEBH/HO, YTO CIIEAYIONIUM MATOM GbLIa TTOMBITKA TIPOBEPUTH B3aNM-
HOE JIeHiCTBYE M3MEHEHUS PACCTOSHUS U B3AaMMHON KOMTIEHCAIINN Ha MTOBE/IeHUE Tiepe-
KPECTHBIX IIOMeX, B3aMMHAas OPUEHTAIIMS KaTYIIEK MOKa3aHa IJIsl 3TOTO CIydasi Ha puc. 7.22.
Takoe B3anMHOE TI0JIOKEHUE MOKET 06eCIIeYrTh XOPOIIHHA Pe3yJIbTaT, 0COOEHHO B TOM
cyvae, KOrjia OTCYTCTBYET BO3MOKHOCTD 3HAUNTEIBHO YBEJTMUNUTD PACCTOSHIE MEKIY
Karyikamy. Pe3ysibraThl, IpejicTaBIeHHbIe HA PUC. 7.23, IOKAa3bIBAIOT, YTO aKKYPATHBIM
BBIOOPOM TIOJIOKEHUST KATYIIEK MOKHO OGECIIEUUTD B aKyCTHUYECKOM [[HAlla30He YPOBEHD
repekpecTHrIX omex Jryutie, yeM —60 1b (—114 b B cymme), ipu aTOM paccrosHue
MEK/Iy KaTyIIKaMu cocTaBiisieT Beero 20 MM. /[pyTHe 3aBUCUMOCTH TIOKA3bIBAIOT YXY/IIITe-
HUe [apaMeTpoB B cJiydyae, KOr/la KaTyIIKa MHIYKTUBHOCTH CMeIaeTcs MapajiebHo
cBoeit cobcTBeHHOM ocu Ha 1, 2, 3 1 4 MM, TIprUeM cMellleHre Ha 2 MM JIaeT CaMblii Xy
YPOBEHb TTepeKpecTHBIX moMeX, paBublil 20 1b #a yactote 20 kI'11. CoBepiiieHHO 0YeBUICH
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06MoTKN
C NepreHavKyNapHo-
OPVEHTUPOBAHHBIMM PaccrosHve
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Puc. 7.24. YpoBeHb nepekpecTHbIX NOMEX B 30BUCUMOCTH OT CMELLEHMs!
OTHOCHTENBHO NIMHMM BLIPABHMBAHMS B3AMMHOTO MONOXEHMs KATylleK
MHAYKTMBHOCTM C NEPECeKAIOLMMMCS OCAMM M PA3HECEHHBIMM HO PACCTOS-
Hue 50 MM (c ucnonb3oBaHuem 3dbdeKkTa BIAUMHOM KOMNEHCALMM none)
ropaspao HUXe Mo CPABHEHMIO C APYTMMM BUAAMU MEXAYKAHAMbHBIX Nepe-
KPeCTHbIX TomeX. bbiCTpbI MOBOPOT KATYLIKM MHAYKTMBHOCTM HQ YeTBEp-
b 060pOTA ynyuwuT ocnabneue, AoBeas ero Ao 3HAYEHMS, NO KPAHEN
mepe, —114 ab. Ito peiicteuTensHo Morno 6bl NOMoYbL

[IPaKTUYECKUI BBIBOJI, YTO IMOJIOKEHHWE OTBEPCTHS Ha IeYaTHON Iiare /Ui KaTyHIK{
WHYKTUBHOCTH HE JTOJIKHO U3MEHSITBCS, XOTS B PeaTbHOMN *KU3HU BIIOJTHE BO3MOKHO, YTO
[IPY MOHTa’Ke KaTYIITKA MOTYT CJIETKa CMEIAThCsl B CTOPOHBI.

Ha puc. 7.24 npuBonsTcsa aHajlornyHble Pe3yJIbTaTbl JJ1g PACCTOSHUS MEXK/Ly KaTyIl-
KaMU UHYKTUBHOCTU, PABHOTO 50 MM, KOTOPO€E B OOJIBITNHCTBE MPAKTHYECKUX CJIyda-
€B MOKeT OBITh 0becredeHo B KOHCTPYKIUHU cTepeoOHUYECKOTO 060PyI0BaHUA.
[TostoskeHwe ¢ HyJIEBOW B3aMMHON KOMIIECH CAIINEH ellie pa3 06ecieunBaeT JIUIIIb TOJBKO
YPOBeHb IiTyMa (B COOTHOIIIEHUU CUTHAJ/IIyM) BO BCeil 10JI0ce, a CMelleHre OT OIITH-
MaJIbHOW JIMHUW Ha 2 MM B 9TO CUTYaIlUU yXY/IIIAeT MOJIOKEHNE TOJIHKO TPUMEPHO Ha
5 nb. be3 comuenuii, Takoe MoJoXKeHUEe KATYIIEK SIBJSETCS HAUTYYIINM JIJIsI OTPAHU-
YEHHOI'0 [IPOCTPAHCTBA.

BbiBOgbI

[IpaBunbHas opueHTANINSA KaTyIIeK WHAYKTUBHOCTUA MOYKET IPUHECTA HECOMHEHHYIO
noJb3y. I[IpocToii noBopot Katyiku Ha 90 rpaaycos odecriednBaet yrydlleHne Xapak-
TEPUCTHK TOJIbKO Ha 11 1B, oHaKo, eciiu OHa BBIPABHUBAETCS, YTOOBI CHU3UTD B3aMO-
HelicTBIe, TO MOXKeT OBbITh MOJy4YeH 3HAuUTeNbHbI Bbhrpeiul Cremayer oOpaTUTh
BHHMMaHUe, Kak ypoBeHb Ha yactore 20 k11, paBubIit —38 nb Ha puc. 7.19, npeBpartaet-
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cs1 B yposerb —61 1B Ha puc. 7.24. B meyaTHbIX 11aTaX 0OBIYHBIX CTEPEO(OHUIECKIX
YCUJTUTEIEN KaTYIIKY UH/yKTUBHOCTHU, BEPOSITHEE BCETO, PACIIOIATAIOTCS apaJLJIETbHO
(BO3MOIKHO, TOJIBKO U3 COOOPaKeHMIA BHEIIHErO BU/A), OJHAKO, MAJIOBEPOITHO, YTOODI
PACCTOSTHIIE MEJKTy HUMHU TIPEBBIIano 50 MM, TaK KaK BHIXOIHDIE DJIEMEHTHI CXEMBI TPYTI-
MUPYIOTCST Ha TIeYaTHOM TI1aTe, Kak IpaBujIo, Bce BMecTe. Kak 1 B ciryyae ¢ eMKOCTHBIMU
MEPEKPECTHBIMY TIOMEXaMU, YBeTMueHe (hU3NIECKOTO PACCTOSTHUS MEK/TY B3aUMOJIeii-
CTBYIOIUMK 0OBEKTAMU SABJISCTCS CAMbBIM JICIIIEBBIM PellleHueM POOJIEMbI 10 CpaBHEe-
HUIO C OCTaJIbHBIMHU CII0COOaMM, a €eCcjid IOJY4YEeHHBI pPe3yjbTaT He MOXKeT
YIOBJIETBOPUTbD, CJEYET UCIIOJIB30BaTh BCE PE3EPBBI PACCMOTPEHHOTO ctocoba. B aTom
ciryyae obmuii ypoenb omex Ha yactore 20 kIt cocraBut 54 + 38 = =92 1B, uro Mmosker
OKa3aThCsl HIDKE IPYrUX (hOPM MEKIYKaHATHHBIX MEPEKPECTHBIX MOMeX.DBBICTPHhIi
[IOBOPOT KaTyLIKU WHAYKTUBHOCTU He YeTBEePTh 0O0POTa YJIYYILIUT HTO 3HAYEHKE 10 —
144 nb, uto u cnenyer crenatk.

7.9. PeakTMBHas No Xxapakrepy Harpyska u moaenvposaHue (Harpy3ku)
rpoMKorosopuTens

HpaKTquCKH BCEra yCUJINTEIN HpOeKTI/IpyIOTCH 1 UCTIBITBIBAIOTCA TIPU pa60Te Ha YrUCTO
PE3UCTUBHYIO HATPY3KY, HECMOTPSI Ha TO, YTO B PEaJIbHON KM3HU BECh CPOK CJIYKObI MM
NpUXOAUTCs paboTaTh HA TPOMKOTOBOPHUTEJH, KOTOPBIE COIEP/KAT 00€ JOCTATOYHO BaskK-
Hbl€ PEaKTUBHbIE COCTABJILIONINE 1, BJ0OABOK KO BceMy, oOpedeHHbie paboTaTh B yCJIO0-
BUSIX 9JIEKTPOMEXaHUYECKOTO pe3oHaHca. Ha mnepBblil B3IJISAA Takas CHTyallMs
NPEICTABIISIETCS TIOMHOCTBIO abCyPAHON, OHAKO, TPOBEIEHUE MCIIBITAHMUIT C PE3UCTHB-
HOI1 HArpy3KOH He ABJSAETCs HI HAUBHOCTDIO, HU HOIIBITKON M30€KaTh MCIIONb30BAHMSI
peanbHOi Harpysku. [IpocTo B IEHCTBUTEIBHOCTH HE OKA3bIBAETCST MTHOTO BBIOOPA.
['POMKOrOBOPUTENIN OYEHD CUIBHO PA3/JIM4YalOTCA KaK 110 KOHCTPYKLIMH, TAK U OAXO-
JIaM K MPOEKTHPOBAHMIO, YTO MPOSIBJISIETCS BO BCEH IOHOTE B Pa3/IMUMsIX 3HAYEHUHN 1X
MOJTHOTO KOMIIJIEKCHOTO COIPOTUBJIEHHST, KOTOPOE SIBJISAETCS HATPY3KOW yCHTUTENSA TIPK
nposegenuy ucbitanuil. Heo0xomumo 66110 6bI 0060 OIIPEAENUTh TAKOE IOHATHE, KaK
CTaHIIapTHbHL/,I TPOMKOTOBOPHUTEJDb C TOUYKN 3PEHUA TEX peByﬂbTaTOB JUTA PA3TTNTYHBIX ycu-
JIATeJIeid, KOTOPbIe JOJIKHBI ObITh COIIOCTaBUMBIMU. BO-BTOPBIX, TPOMKOIOBOPUTEJIH
MMEIOT CBOICTBO IIPe00Pa30BhIBATH 9JIEKTPUYECKYIO SHEPIUIO B AKYCTUYECKYIO, [I09TO~
MY IIPOBEJEHNE UCIBITAHUI C NCIIONb30BAHNEM CUTHAIA CHHYCOUAAIBHON (DOPMBIL JIsT
yeunurens MomHocTbio 200 BT Moryio 6b1 0Ka3aThCsl TPYAHBIM UCHBITAHUEM /ISl BCEX
TeX, KTO HaXOJUTCA B TIPEIESax CABIINMOCTH; 3ByKOM30MMPYIONIIE KAaMEPDI HE TaK
JIEIIEBbl U IIPOCTHI IS CO3JaHUsA. B-TpeTbUX, TPOMKOTOBOPHUTENN /ISl CTaHAAPTHBIX
I/ICHBITaHI/Iﬁ HOIIO6HOFO poaa AOJIZKHbBI 6bI]II/I 6BI OKa3bIBaTbCA CHOCO6HI)IMI/I BbIJICPKN-
BaTb HEHOPMAJIbHO BBICOKKE YPOBHU MOIITHOCTH, a TaKKe 6bITI) CHOCO6HBIMI/I BbL/IE€PKN-
BaTh JJIUTEJIbHBIE IO BPEMEHH UCIIBITAHUS IPU BHICOKMX YPOBHSAX MOIIHOCTH; TAKKE
IPOMKOTOBOPUTENIN BCET/Ia OYEHb YETKO MBICJIEHHO PA3IUYaiOTCs 110 TIMKOBBIM U CPeJl-
HYM 3HAYEHUSAM YPOBHS PEYEBOTO U My3bIKAJIbHOTO CUTHAJA, 2 YPOBHY MUHMMAILHOIO
3HAYEHUS CUTHAJIA Ha BRICOKMX 9ACTOTAX TaKKe MPUOGPETAIOT ONPEAETEHHOE 3HAYCHIE
pu BbIOOpe TpeGYeMOro ypoBHs MOLUTHOCTU BBICOKOYACTOTHBIX AUHAMUKOB (<«IIMIIA-
JIOK» ). 1 OKOHYATEIbHBIM KPUTEPHEM SIBJISIETCS TO, YTO IPOMKOTOBOPUTEIN HE TIPEAHa3-
HadeHbl 00J1a/laTh OUYEHb BBICOKON JIMHEHHOCTHIO XapaKTEePUCTUKU, OCOOEHHO B
HU3K0YACTOTHON 00JIaCTH aKyCTHYECKOTO JMAIla30Ha, U B TOM CJIydae, €CJIM YCUIUTEb
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He 00JiaziaeT 04eHb HU3KUM 3HaYeHHUEM BBIXOAHOIO [TOJHOIO KOMILIEKCHOTO COIIPOTHB-
JIEHWsI, TO HeJIMHEHHOCTh XapaKTePUCTUKN TPOMKOTOBOPUTEJST MOKET 3HAUYNTETHHO
MCKA3UTh PE3yAbTAThl U3MEPEHUN ncKaxkeHuil. MoskeT oka3aTbCs, UTO IMIPU MIPOBEICHUN
UCIIBITAaHUI YCUIUTEIS TOTPeOYeTCs UCII0Ib30BaTh COBEPIIEHHO UHOI TUII TPOMKOIO-
BOpUTENEH, KapAUHAIHHO OTJINYAIOMINICS OT TeX, KOTOPhIE B IEHCTBUTETHHOCTU HAZIO
ObL10 OBbI UCIIOAB30BATH JIJIsI IPOCIYIIUBAHUS MY3bIKH; a IPEIJIOKEHUI Ha PhIHKE IS
HUX MOKET 0Ka3aThCA O4€Hb, OUYEHb MAJIO, ¥ 110 TOM IPUYMHE OHU MOLIJIN Obl OKa3aTh-
Cs1 OYEHD JIOPOTOCTOSNIUMU.

7.9.2. Pe3nCTVBHbIE, UNIM OMUYECKMe NO XapaKTepy, Harpy3ku

OO6bIYHO yeumuTe U paspabaThbIBatOTCS I UCIIBITAaHWIA ¢ Harpyskoil 4 u 8 OM, XoTs
U IPOMEKYTOUHbIE 3HAYEHMUS, TAKUe, HATPUMED, 3HaYenus Kak 5,66 Om (cpexiee reo-
METPUYECKOE OT 3HAYEHUI 8 1 4) BCe-TaKH I0CTATOUHO PEJIKO, HO UCTIOJIB3YIOTCS, B 3aBU-
CUMOCTH OT TOTO, KaK 4aCTO OHM MIPUMEHSIOTCS B PeabHON MpakTuke. Bo3MoKHO, 4TO
9TO MPABUIIBHO, TaK KaK €CJIM YCUIUTEIb padoTaeT JOCTaTOYHO XOPOIIO C HArPy3KOi 1
41 8 OM, TO, CKOpee BCero, OH He OYIET JOCTABJSATH TPOOJIEeM TPY CPeIHE 0 BeTnIn-
He Harpy3ke. Ha mpakTuke psizi (POMKOTOBOPHUTEJIEH ¢ HOMMHAJILHBIM 3HAYEHHUEM COTIPO-
TuBJeHust 8§ OM UMEIOT CIaJl MMOJTHOTO KOMILJIEKCHOTO COTIPOTUBJIEHUS /10 3HAYEHUS
Menee yeM 5 OM, a JIIsT COPOTUBJIEHNUST TPOMKOTOBOpHTeist 4 OM 3amaercst cBoeoOpas-
HBIH «3a1ac MPOYHOCTH», IPUYEM, HE MaJIbIH.

HauboJiee acToe ycoBepIIEHCTBOBAHNE ITPOCTON PE3UCTUBHOM HAPY3KH 3aKJII0Ua-
eTcs B 100aBIeHI KOHIEHCATOPa ¢ eMKOCThIo 2 MKM, BKII0OYaeMOTro MapasijieabHo
KaTyIike ¢ conporusieHneM 8 OM, Jist TOro, 4TOObI BeCbMa rpy00 HMUTHPOBATH 3JIEK-
TPOCTATUYECKUI TPOMKOroBOpuTe b, DakTHuecKu Takas KOMOUHALA He IIPEeCTaBIsI-
€T PEaKTUBHYIO HATPY3KY, TaK KaK MOJHOE KOMIIJIEKCHOE COITPOTHRIIEHNE KOHIEHCATOPA
¢ eMKOCTBIO 2 MK(D cTaHOBUTCST PaBHBIM COMIPOTUBJIEHIO Ha yacToTe 9,95 kI, mosTo-
My Ha GOJIbIIEll YacTH aKyCTUYEeCKOTO AualasoHa (asoBblil CABUL He IIPOSIBJISAETCS.
Taxkas Harpyska (pakTHUECKH MPEACTABJISET HANXY/IIee MPUOIIKEHUE K 9JIEKTPOINHA-
MUYECKOMY I'POMKOTOBOPUTEIIO 110 CPABHEHUIO CO CIy4aeM OOBIYHOTO OMUYECKOTO
COTIPOTUBJIEHUS.

7.9.3. MogenupoBaHue peanbHON HarpysKky rpoMKoroBopuTens

X0/l KpUBO# TTOJTHOTO KOMILJIEKCHOTO COTIPOTUBJIEHUST PEATIBHOTO TPOMKOTOBOPUTEIS
MOZKET OBITh CJIOKHBIM, ¢ MHOTOUMCJIEHHBIMU TT0beMaMu (ropbamu) 1 criagamu (IIpoBa-
JIaM7 ), TIPEJICTABJISIONTNMI Pa3INYHbIE XapaKTePUCTUKU TPOMKOTOBOpUTEs. Pe3onamc
B HU3KOYACTOTHOM IIPEJOKOHEYHOM KacKaze OyeT ONpeAe/IsaTh 3HAUNTEIbHbIIL 110 BEJIU-
qirae rop6 B HY 061acTi I0JTHOTO KOMILIEKCHOTO COIIPOTHBJICHUS, TPUYEM C COOTBET-
CTByIOIINMU (ha30BbIMK M3MeHeHUsIMU. KOHCTPYKITMS oTpaskaTeIbHON KaMepbl (KaMepbl
¢ oTBepcTHeM) obecrieunBaeT XapaKTepHBIN ABOWHON ropd B 00/1aCTH HU3KHMX YacTOT
C IIPOBAJIOM B cepejiiHe, KOTOPbIil onpegensercs napamerpamu orseperust. O6aactb
BBICOKUX YaCTOT YPE3BIYANHO M3MEHYIMBA U 3aBUCUT OYEHb CIOKHBIM 06Pa3OM OT KOJIU-
YyecTBa MpelyCUJINTeIbHBIX KACKaJI0B M MX B3aMMOJIEMCTBHS C 3JIeMeHTaM1 KPOCCoBepa.
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HO,ZIKJIIO‘—I(—Z‘HI/IQ ycumauresisgd MOIITHOCTU K Harpys3kKe, BBITIOJTHEHHOM B BHUE 0OBIYHOTO
TPOMKOTOBOPUTEJIA, UMEIOIIETO IMOJTHOE KOMIIJIEKCHOE COIIPOTHUBJIEHHE, a HE TIPOCTO
K YHUCTO pESI/ICTHBHOﬁ Harpyske, BJI€4YEeT 3a €000l HECKOJIBKO IOCJIE/ICTBUIA:

e YacroTHas XapakTepUCTHKA, U3MepsieMasl B BUJjie HalPsKeHHsT Ha BBIBOJIaX I'POM-
KOTOBOPHTEIsT, UMeeT HeGObIITe Topobl, a Takke ropobl, 06YCIOBIEHHbIE HEPAB-
HOMEPHOCTBIO MOJHOTO KOMILJIEKCHOTO COMTPOTHBJIEHHSI, TPEICTABIISIONIETO COOOI
HarpysKy IS TOCJIe/[0BaTebHO BKIIOUEHHOTO BBIXO/IHOTO ITOJTHOTO KOMIIJIEKCHO-
TO COTTPOTHUBJIEHUS YCUIUTEST 1 COTTPOTUBJIEHUS COEIMHUTENHLHOTO Kabes.

e Peskue IpoBasibl B 3aBUCHMOCTH [TOJTHOTO KOMILJIEKCHOTO COIIPOTUBJIEHUS] MOTYT
BBI3BIBATD MPEKAEBPEMEHHOE cpabaThIBAHUE CXEMbI 3al[UThI OT MEPErpy3Ku. Jta
pobJieMa JIOJKHA PACCMATPUBATHCS C TOUKHU 3PEHISI BEDOSITHOCTH €€ BO3HUKHOBE-
HUS, TaK KaK BBICOKOE 3HayeHUEe aMIUIMTY/bl B Y3KOM YaCTOTHOM /[Malla30He
He MOJKET HabJIIOMATHCST TOCTATOYHO YaCTO, U, ECTTU OHO BCe-TAKU MTPOUCXOUT, TO
oHO Gy/IeT HACTOJIBKO KOPOTKKM, YTO MCKAKEHUsI, BOSHUKAIOINIME W3-3a TOTO,
He OyIyT 3aMETHO ONIYTUMbI. 3HAYEHUs aMIUIUTY/bl CUTHAMA OOBIYHO GOJIbIIE
B HY o6sacti, 109TOMY TIPOBAJIBI B BEIMUMHE TIOJHOTO KOMILIEKCHOTO COMPOTHB-
JIEHVST TOTEHITHABHO TIPEICTABIISIOT 60JIee Cephe3HYIO yTPo3y.

o [lepemenHas 110 BeJIMYMHE HATPy3Ka BJMSIET HA BEINYNHY UCKAKEHU.

Ha puc. 7.25 mokazano, kak BY rckaxkenust kpoccoBepa (TOUKH TTEPEXOIA YEPES HYJIE-
BOE 3HAUEHHE ) U3MEHSIOTCST B 3aBUCHMOCTH OT CONPOTUBJIEHNS HATPY3KH, KOT/IAa BEJIN-
YUHA HATPY3KHU MIPEBBINIAET CTAHapTHOE 3HaUeHue. Beanunna Harpysku naske ere B 68
Owm yBesmunBaetr BY nckakenus.

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz) 140CT 95 14:54:21
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Puc. 7.25. CHuxenne koadpduumeHTa HenmHenHbIX MckaxeHui B BY
06nact1 no Mepe Toro, KK Pe3UCTUBHAS HATPY3KA FPOMKOrOBOPHUTENS
BCe Gonblue HOYUHAET NPEBLILATL CTAHAAPTHOE 3HaYeHWe 8 OM
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Rc 7 0m Lc 1,4 MMH
Y'Y
Bxonreie Conpotuenenne  VIRAYKTMBHOCTL
pasbemsbl 0BMOTKM 06MOTKMN

Rr I cr Lr 18 Ml
330m 282 MK®D

Llenb, MmogenupyioLLas pe30HaHCHbIN
adpdekT B MembpaHe rpOMKOroBopuTeNs

Puc. 7.26. Snektpuyeckas MOAENb Ansi ORUHOYHOTO FPOMKOFOBOPUTENS,
PACMONOXEHHOTO B 30KPBITOM (repPMETM3MPOBAHHOM) Kopnyce

SPKR1SIM.CIR
0 Date/Time run; 01/16/96 Temperature: 25,0

0 T T T T
1,0y 10Ty 100 'y 1k 10kMy 50 Ky
YacToTa

Puc. 7.27. BxogHoe nonHoe KOMNAEKCHOE CONPOTHBAEHHUE OAUHOYHOTO
rPOMKOroBopuTEns

Ha puc. 7.26 npencraBiena sjieKTpuiecKkast MoJIeJ b OJJMHOYHOTO MTOJTHOUATIA30HHO-
r'O TPOMKOTOBOPHUTEIS. B TO BpeMsi Kak MPeCTaBISIETCS MATIOBEPOSTHBIM, YTO B BBICO-
KOKavyecTBEHHOU amnmapatype (annapatype kateropuun Hi-Fi) ynactest cronkayThes ¢
KOHCTPYKIIMEH aKyCTUYECKOU CHCTEMbI, OCHAIIEHHOM TOJBKO OTHUM POMKOTOBOPHUTE-
sieM[V.N.7], B 60OJIBIIIOM KOJUYECTBE TPOMKOTOBOPSIIIIMX CHCTEM OTIOBEIIEHMSI, YCTPOTi-
CTBaX YyCWJIEHHWA 3BYKa MW CHCTE€MaX O03ByYMBaHUA [AUCKOTEK HUCIIOJb3YIOT
MTOJTHO/IMATIA30HHbBIE OJIHOTOJIOBOYHBIE TPOMKOTOBOPUTENH, JIJISI KOTOPBIX JaHHAS
MOJIeJIb ABJISIeTCsS 04eHb XopoinnuM npubimskerreM. Pesucrop Re u apoccens Le npej-
CTaBJISTIOT COTIPOTUBJIEHUE U MH/YKTHUBHOCTH 3BYKOBOI KAaTYIIKU TPOMKOTOBOPUTEJISL.
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0020 AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz) 14 OCT 95 14:58:00
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Puc. 7.28. CHuxerne koapdULMEHTA HENMHENHBIX MCKAXEHMMA HO BbICO-
KOM 4aCTOTe NPU MHAYKTMBHOM NO XAPAKTEPY HArPY3Ke; AOMONHUTENb-
HOe BKNIOYEHWe nocneposatentHo ¢ pesuctropom 8 OM apoccens ¢
unayktmeHocTbio 330 MIH cHUXaET CyMMapHBIM KO3 PULMEHT HENNHEN-
HbIX MckaxeHui Ha vactote 20 kliy onee yem B YeTbipe pasa

Hpoccens Lr u kongencarop Cr MoJeMPyIOT YCIOBUS 3JIEKTPOMEXaHUUYECKOTO Pe30-
HaHCa, BO3HUKAIOIIETO TIPY B3aUMOIeHCTBIY Macchl 1nddy3opa ¢ MPOTUBOIEHCTBUEM
YIpyTOil flehopMaliy OABECKU U COTPOTUBJICHIEM BO3/1yXa, 3aKII0OYCHHOTO B KOPITY-
ce JMHAMMKa, Tor/la Kak pesuctop Rr mozesnupyet ycnosud gemirguposanus. [Ipuyem
BCe TP MOCJEHUX HJIEMEHTA CXEMBI He CYTIECTBYIOT (DU3NUECKU, HO 00eCTIeUNBAIOT Te
JKe caMble XapaKTePUCTUKHU TOJHOTO KOMIIEKCHOTO COIIPOTUBJICHUS, KOTOPbIE BO3HU-
KaloT IIPH IeHICTBUTETHHOM PE30HAHCE.

YacToTHas 3aBUCUMOCTD BEJTMYMHBI BXOJTHOTO MOJHOTO KOMIIJIEKCHOTO COTIPOTHUBIIE-
HUsI, KOTOPOE MPEICTABIIET 9Ta cXeMa JIJIsI YCUINTE I, ToKa3aHa Ha puc. 7.27. I1uk Ha
wacrore 70 Tt 06s13aH CBOMM ITPOUCXOsKIEHUEM pe3oHaHCy B anuddysope; 6e3 n30aupo-
BaHHOTO (IrepMeTU3NPOBAHHOTI0, 3aKPBLITOTO) KOPILyCa BOCCTaHABJINBAIONIAS cujia -
ysopa 6yneT MeHbIIle, a BOSHUKHOBEHIE PE30HAHCA TSI HE3AMKHYTOTO 0ObeMa BO3IyXa
HAOMOAIOCH ObI TPU MEHbBIIIEM 3HAUYEHUHU YaCTOThI. Y BEIMUEHUE 3HAUCHUST MTOJTHOTO
KOMTIJIEKCHOTO COTTPOTHUBIIEHNST BbITe 4acTOThI 1 KI'T{ 06BsICHSIETCS BIUSTHIEM COOCTBEH-
HOI MHAYKTUBHOCTH 3BYKOBO KaTymku Lc.

Korza asexrpuueckas Mojiesib (9KBUBaJIEHTHAS CXeMa 3aMellleHns ) Harpy3KU B BUJIE
OJITHOYHOTO TPOMKOTOBOPHTEJIS 3aMeHsIeT CTAaHapTHYI0 OMUYECKYI0 HArPY3KY C COIPO-
tujaeHreM 8 OM, HAUMHAIOT IIPOUCXOINTD YIMBUTebHBIE Belin: BY uckakenus B cyil-
HOCTHU MCUE3AI0T, YTO HATJISIHO JEMOHCTPUPYET TpauK Ha puc. 7.28. ITO MPOUCXOIUT
M3-32 TOTO, UTO y «Ge3yNPEeUuHOro yCuauTest», paboraioliero Ha Harpysky 8 Om, ipo-
SIBJISTIOTCST TOJIBKO MCKaKEHMS Tlepexo/ia yepe3 HyJIeBOi YPOBEeHb CUTHATA, BO3pacTa-
I01TMe ¢ yBEeJINYEHUEM YaCTOTBI TI0 Mepe CHUKeHUs KoahGuilmeHTa oTpuliaTebHON
OC, a BemunHa MCKAKEHUH 3aBUCUT OT TOKA, TOTPEGIISIEMOTO OT BBIXOTHOTO KACKajIa.
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[Tpu MHIYKTUBHOM XapaKTepe HArpy3KH BeJIMYHHA ATOTO TOKA C POCTOM YaCTOThI CHU-
JKAETCS.

Bosbiiast yacth yeuuresei Bbicokoro Kauectsa (Hi-Fi) Gymer paboraTs Ha IBYyX-
WJIN TPEXKaHAJIbHbIE aKyCTUYECKNE CUCTEMbI, YEThIPEXKaHAJIbHbIE CUCTEMbI TAKKe He
SIBJISIFOTCSI U€M-TO HEOOBIYHBIM. Bee 3TO OUeHb YCJIOKHSIET aHAIM3 XapPaKTEPUCTUK MOJI-
HOTO KOMIIJIEKCHOTO COTIPOTHBJIEHUSI, /TS CTAaHAAPTHON ABYXKaHAJIbHOM aKyCTHIECKON
CHCTEMBI TaKast 3aBUCUMOCTD BBITJISIIUT TIPUOJIM3UTENTbHO TaK, KaK 9TO H300pakeHO Ha
puc. 7.29, xota mogbeM B obmactu yactor Boime 10 kI vame Beero orcyrersyer. HU
pe3oHaHC HabJofaeTcs], Kak U npeskie, Ha yacrore 70 ', 0fHaKO, TaK KaK B HAJIMYUU
nMeeTcs iBa B30y K/aeMbIX dJIeMeHTa, TO, CJIe[I0BaTe/IbHO, OyaeT HaOMI0AaThCs 1B
PE30HAHCHBIX KA. KpoMe 3TOro, BHAYUTENbHO YCIOKHSIET IEI0 HATTMUNE CXEMBI KPOC-
coBepa, KoTopast I0JKHA HApasJissTh BU coCTaBIISIONIYIO CUTHAIA Ha HEOOIBIION 10
pasMepaM BbICOKOYACTOTHBIN AuHamMuK, a HY cocTaBsioniyio — Ha MaCCUBHbBIN HU3KO-
YACTOTHBIN JUHAMUK, 4TO J00ABJISIET CIOKHOCTH K aHAIM3y curyaruu. [pu paspabor-
Ke HU3KOYaCTOTHOTO aKyCTHYECKOTO (ha30MHBEPTOPA MK HU3KOUYACTOTHOTO PE30HAHCA
MOKeT OBITh JONOJHEH APYTUM PE3OHAHCHBIM IIMKOM OJarogapst MoACTpoiike (3a cuer
reoMeTpun) oTBepcTus (port tuning). PeayapTaThl MOMBITKN CMO/IETMPOBATh HAa Kave-
CTBEHHOM yPOBHE HATPY3KY I [BYXKAHAJIBHON aKyCTUYECKON CHCTEMBI ¢ OECKOHEUHO
60J1bIION OTpaxkaresbHOI JocKoii (infinite-baffle) nzobpasxennt na puc. 7.30. B mogenn
IIPUHIMAETCS IIPOCTAst CXeMa KpoccoBepa 6e3 KOMIIeHCAuu, 0e3 yBeInIeHs IIOJIHOTO
KOMILJIEKCHOTO COMTPOTUBJICHUST KaTyInku BY fuHamMuKa, OHa YaCTUYHO OCHOBBIBAETCS

SPKR2SM4.CIR Speaker load simulation. 9/10/95
Date/Time run: 01/16/96 14:37:55 Temperature: 25,0

T T T T
1,0y 10 My 100 My, 1,0 ky 10kly 50 k'
Yactota

Puc. 7.29. Pe3ynstat MOAENMPOBAHMS YOCTOTHOM 30BMCMMOCTH HATPY3-
KM ANs ABYXKAHAIbHOM AKYCTMYECKOM CUCTEMbI




7.10. HATPY3K/ TPOMKOTOBOPUTEJIEA U BbIXOAHBIE KACKALBI [257

BxopiHble ConpoTuBnetne ConpoTvBnexne
pa3beMmbl Rc  memOpaHbl Rc MeMGpaHbl
’;7 7,3 OM BY-ronoeku 7,90M  HY-ronosku
|
| L VIHAYKTMBHOCTb
% Lr 1.4 MM MeMOpaHbl
PesoHaHG 0,33 MIH HY-ronokm
MeMOpaHbl
BY-ronosku
|
| ——Cr
| T 47mkd Rr cr Lr
- - 33 0Om 540 MKD 10 MMH
7

Llenb, MoenMpyioLas pe3oHaHCHbIN
acdodekT B MembpaHe BY-ronosku

Puc. 7.30. Cxema Mmogenu fByXKaHQNbHON aKYCTUHECKOW CUCTEMBI

Ha cxeMe, ipeanoxkenHoil Kenom Kanrnopom (Ken Kantnor) u npusenenHoii B pabore
[11].

HexoTopble cxeMbl KPOCCOBEPOB IPOMKOTOBOPUTEJIEH BKJIIOYAIOT CBOU COOCTBEHHbIE
cxeMbl 3006€J1s1, OOBIYHO yCTaHABIMBAEMbIE MAPAIETHHO ANHAMUKY /TSI BHICOKHX
Y4acToT, ISt TOTO YTOOBI KOMIIeHCHPoBaTh BU MorbeM TOTHOTO KOMILJIEKCHOTO COTIPO-
TUBJICHUS U3-3a HHAYKTUBHOCTH 3BYKOBOI Karymiku. Eciu cxembr 306esst yeranose-
HBI TTOI00HBIM 06Pa30M, 4TOOBI Ha BBIXOJIE CXEMbBI KPOCCOBEPA B IEPBOM TIPUOIIMKECHUN
o6ecneynTh PE3UCTUBHYIO HATPY3KY, TO KOHCTPYKTOP IPOMKOTOBOPUTEIEI MMEET T10JI-
HOE TPABO Ha 9TO; PACYET ITEKTPOAKYCTUIECKON CXEMBI IOCTATOYHO CIOKeH U Ge3 BHe-
CeHUs JIOMOJHUTEIbHbIX orpanudenuit. OHAKO, eCJIU OHU BHOCSTCS IIPOCTO JIJIsT TOTO,
9TOOBI C/IEJIATH BUL 3aBUCUMOCTH TTOJTHOTO KOMILIEKCHOTO COTIPOTUBJIEHST H0iee akKy-
PATHBIM U IOATBEPANTD 3ASIBJIEHNE, YTO TAKOE M3MEHEHNE HATPY3KU OKAKET OI1aroTBOP-
HOE BJIMSIHYE HA PAOOTY YCUIUTEIS HAa TOKOBYIO HATPY3KY, TO TAKKE ICHCTBHST OKaKyTCSI
MIPOCTO BBOAATINMY B 320y K IeHre. B eficTBUTeIbHOCTH jKe a(hhEKT OKaKeTCsT TPSIMO
[IPOTUBOIIOJIOKHBIM; JIJISI CTAHAPTHOTO YCUJIUTEJSI BOBCE HE BOSHUKAET TIPOOJIEM TIPU
paboTe Ha MHAYKTUBHYTIO HATpy3Ky, a BU nckaxkeHust mepexofia yepes HyIeBoe 3Have-
HHUE MOTYT ObITh 3HAYMTEIHO YMEHBINEHDI TP paboTe Ha HATPY3KY C TAKUM TOJTHBIM
KOMIIJIEKCHBIM COTIPOTUBJICHUEM, BETMYNHA KOTOPOTO BO3PACTAET B 0OJACTH BHICOKHX
YaCTOT MO CPABHEHUIO C HOMUHAJIbHBIM 3HAYEHUEM.

Bce BbIleckazanHoe siBJASETCS TOJNBKO BBEJICHUEM K TOI OTPOMHON Tipo6ieme, KOTo-
POl SIBJISIETCS PeasbHast Harpyska ycuanresst. bosee mogapobnast nHbOopMaIst Mo aToMy
BOIPOCY coziepskutcd B kKuure benskamuna (Benjamin) [12].

7.10. Harpy3ku rpoMKoroBopuTenen 1 BbIXoAHbIe Kackaabl

[Tipoko pacmpocTpaHeHo MHEHE, YTO /IS YCUTUTENSI TOPA3/Io CIoXkKHee paboTaTh Ha
JIIOOYTO PEAKTUBHYIO 110 XapaKTepy HATPY3KY, YeM HA YUCTO OMUYECKYIO (PE3UCTHBHYIO).
OHaKo UCKPEHHE XOTET0Ch ObI 3HATD, YTO JIOH, COOCTBEHHO TOBOPSI, TOHUMAIOT IO/
CJIOBOM <«CJIOKHEE» . ITO MOTJIO OBl 03HAYATH, YTO YMEHBIIAIOTCS TPAHUIIBI YCTONYUBO-
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cTu, 1100, 9TO HAIPY3KH Ha BHIXOAHBIE IPUOOPHI 3HAYNTENLHO Bo3pocu Ob1. Obe 1mpo-
GJIeMbI MOTYT CYIIECTBOBATH, O[HAKO aBTOP KHUTHU TIOJ[03PEBAET, UTO 9TO MHEHUE 3UIK-
JleTCs Ha aHTpornoMopduyeckoM (MK JOUCTOPUYECKOM ) obpase MbliLieHuss. O4YeHb
JIETKO CYUTATh, YTO €CJIU CUTHAJ SIBJISIETCSA GOJIee CIOKHBIM /IS PACCMOTPEHUS, TO OH
ropasio CIoKHee 1 171t 00paboTKu ero B ycuutese. OTHAKO Ha CaMOM JIeJie 3TO He Tak,
Tak Kak He COBCEM 00s13aTeIbHO MOHUMATh 3aKOHBI (DUBUKH, YTOOBI MOAYUHATHCSA WM.
Bcemy npuxoaut cBoe BpeMsl.

Korma y ycunuresist Ha noJIyIpOBOIHIKOBBIX 9JIEMEHTAX BO3HUKAET HEYCTOUYUBOCTD,
TO ATO BCEr/[a TIPOUCXOIUT HA YJIbTPAa3BYKOBBIX YACTOTAX; BBICOKOMEPHO TIOJIaras Tax,
MBI 00XO/IUM CTOPOHOI IEJIBIN Psi/i HCTOPUUECKUX CTPAHHOCTEMN, KOTOPbIE UMEJI MECTO
IIPU IPSIMOY Tiepeiaue CUTHATIA TTPH MCIIOJB30BAHUN CBSI3H 110 TIEPEMEHHO COCTABIISIO-
1ieit. ITOTO HUKOT/IA HE TIPOUCXOIUT B CEPEANHE aKyCTHYECKOTO AMAIA30HA, XOTS JIJIST
60JIblIIell YaCTH FPOMKOTOBOPUTEIEH B 9TOM JUalia3oHe HabJIro1aeTcst OCHOBHast, O0JIb-
Irast 4acTh U3MEHEHW B YACTOTHOW 3aBHCUMOCTH TIOJTHOTO KOMILIEKCHOTO COIIPOTUB-
JleHust. PeakTBHAsST COCTABIISIONIAST HATPY3KU MOJKET U JEHCTBUTENBHO MOBEPTAET
OTIACHOCTHU YCTOWYMBOCTDH HAa BBICOKUX YaCTOTAX, €CJIU TOJBKO He MPENIPUHSTHI CIIe-
[[UATbHBIE MEPBI TTPEOCTOPOKHOCTH, OOBIYHO B BU/IE BHIXOAHOTO apoccesst. OH eil-
CTBUTEJIBHO HE TPUBOIUT K BO3ZHMKHOBEHWIO TE€HEPAIMU WU «3BOHY» B CEpPeIIHe
aKyCTUYeCKOTO [UAIa30Ha.

PeaxTrBHast 1o xapakrepy Harpy3Ka JAeiiCTBUTENBHO YBEJIMUMBAET HATPY3KY HA BBIXOI-
Hbie mprubopsl. OcOOEHHO BO3pACTAaET PaccestHie TTHKOBOW MOITHOCTH 32 CUET U3MEHSIIO-
IIerocsl B PeaKTUBHON HArpy3Ke cOOTHONIeHNs ((hasbl) MeKITY HAMPSKEHUEM U TOKOM.

7.10.1. Harpy3ka B Bue 0gMHO4YHOro F[pOMKOroBopuTens

[TpennosoxuM, 4TO UMEETCs aKyCTUYECKast CHCTEMA B BUJIE OJJMHOYHOTO TPOMKOTOBO-
puTeJisi, 9KBUBAJIEHTHAsI CXeMa KOTOPOTo MpUBejieHa Ha puc. 7.26; BeJM4rHa 10JHOTO
KOMILJIIEKCHOTO COTIPOTUBJIEHUS] HUKOT/IA He CHIKAETCSI HUXKe HOMUHATBHOTO 3HAUE-
Husg 8 OM, IPK 3TOM MOKET ObITh 3HAYMTEILHO OOJIbIIE TOIO 3HAUEHHUS B HEKOTOPHIX
00J1aCTAX; 9TO IIPEIIOJIATAET, YTO O0IIAs paccerBaeMasl yCUIUTEIEM MOIHOCTD OyIeT
BCeT/Ia MeHbIIle, YeM JIJIsT CITydasi ¢ OMUYecKoi Harpyskoit 8 Om.

K coxkanenuio, Bce 9T0 He TaK; COOTHOIEHNE MEKIy (hasaMy TOKA W HATIPSIKCHUS,
BHOCHMOE PEaKTHBHOI HATPY3KO, SABJIsIeTCS BeCbMa BaKHBIM akTopoMm. [Ipn pabote
Ha YMCTO OMUYECKYIO HATPY3KY HAMPSIKEHUE HAa BBIXOHBIX TPUOOPaX CHUKAETCS TIPU
YBEJIMYEHUH TOKA, TPOXOJISIIETO IO HUM, U OHU HUKOT/A He TOCTUTAIOT MAaKCUMAaJIb-
HBIX 3HaUeHUN ofiHOBpeMeHHO. CM. mpuMep Ha puc. 7.31 nis ycunurenst kiaacca B
C YMCTO OMUYECKON Harpy3koil. MTHOBeHHas1 MOIIHOCTD SIBJISIETCSI IPOU3Be/leHIueM
MI'HOBEHHBIX 3HAYEHU I TOKA U TIa/IeHNsI HANPSIKEHUs, U B yCUJIUTese Kiacca B mmeer
XapakTepHyio AByropoyio Gopmy, JoCcTUras MaKCUMaJIbHOTO 3HaueHus 77 BT qBax /bl
B TEYEHHE KAKI0T0 MPOoBosiero (paboyero) moJrynepuoa.

Korza Harpyska B BUjie OUHOYHOTO TPOMKOTOBOPUTEIST BO3OY KAAa€TCsI Ha 4aCTOTE
50 I'ti, moTHOE KOMILIEKCHOE COTPOTUBJIEHUE TIPE/ICTABISIET CYMMY U3 OMHYECKON
U MHIYKTUBHOU COCTABJSOIINX, T.e. OyaeT paBHO: 8,12 Om +j3,9 Om (rze j obozHaua-
eT PeakTUBHYIO COCTaBJISIONIYIO U ¢/1BUT 110 pase Ha 90°). CiiesroBaTesbHO, TOK OTCTa-
eT mo ¢ase OT HaNPSKEHUs], U3MEHsII MIHOBEHHbBIE 3HAYEHWS IMPOU3BENEHUS
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Date/Time run: 05/30/97 15:47:52 Temperature: 25,0
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Puc. 7.31. MrHoBeHHble 3HaueHMs (konnekTopHoro Hanpsixehus) Vee,
(konnekropHoro Toka) lc 1 (paccensaemoit mowHocty) Pdiss B BoixoaHOM
TPaH3MCTOpE, NuTatoLem Harpysky 8 Om Hanpsxennem 40 B amnauTyp-
Horo 3HayeHus ¢ yacroton 50 M npu HanpsixeHnn Ha wrHax nutanms £50
B. Boigenstowascst Ha TPAH3UCTOPE MOLHOCTb AOCTUIAET MAKCUMAIBHOTO
3HaveHus 77 BT geaxabl B TeueHWe KaXAOro nonynepuoaa

) Date/Time run: 05/30/97 15:43:55 Temperature: 25,0
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Puc. 7.32. Ycnosus, aHanoruuHble npuseaeHHbIM Ha puc. 7.31, 3a
UCKIIOYEHUEM TOrO, 4TO curHan ¢ yactotor 50 Iy nopaetcs B Harpysky,
NPeACTABNEHHYI0 OAMHOYHBIM rpomKorosopuTenem. Ha ganHoi yacrore
HArPy3Ka UMEET MHAYKTMBHYIO COCTABASIOLLYIO, NO3TOMY TOK OTCTAET OT
HANPsiXeHus Nno $ase U KPUBAS MTHOBEHHOTO 3HAYEHMS BbIAENSIOLLENCS
MoOLHOCTH ByAeT aCMMMETPUYHA, MOKCUMAbHOE 3HOYEHWUE MOLLHOCTH
110 Br 6yneT cMeweHo K koHLy paboyero nonynep1oaa ycunurens
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HAIPSKEHUsT 1 MOITHOCTU, KOTOPBIe MpuBeieHbl Ha puc. 7.32. Cpentee 3HaueHue pac-
cerBaeMoil MOITHOCTH B TedyeHue (pabouero) mosyrnepuoa st yCHauTe s Kiacca B
HECKOJIbKO CHUKAETCH, OJTHAKO, IMKOBOE 3HAUYECHNE MOIITHOCTH BO3PACTAET IIPUMEPHO
Ha 30 % Gaarogaps caBury has MesKAy TOKOM ¥ HAMPSKEHHEM. DTO MOKET CEPhe3HO
MOBJIUSITH Ha PaGOTOCTIOCOOHOCTD YCUIIUTEIST, €CITA HE YIECTh 9TU 0COOEHHOCTH €elile Ha
aTare MPoeKTUpoBaHust 060pyaoBanus. Heo6XoanMo y4ecTb, 4To 9TO MOJHOE KOM-
IJIEKCHOE COIPOTUBJIEHUE OyeT 9KBUBaJeHTHO 3HaueHuto 8,65 Om Ha yactote 50 T'p
MPU TIOCJIEZI0BATENBHOM BKJIIOYEHUN ipocceist ¢ mHAYKTUBHOCTBIO 10,8 mTH. [TombiTka
BO30YKIATh 9Ty 3aMEHSIONTYI0 (SKBUBAJIEHTHYIO) HATPY3KY Ha J000# IPyToii yacToTe
Jin0O0 € UCTIOb30BaHMEM CUTHAJIA, OTJIHUYAIOIIETOCS OT CHHYCOUAATBHOIN (hOPMBI, ITPUBE-
JIET K aBCOMOTHO HEBEPHOMY pe3y ibrary. Ho He Kax/iblii aBTop, MUTITYTIIHH Ha 9TY TEMY,
[IPUHUMAET YKazaHHOE 0OCTOSITEIbCTBO BO BHIMAHNE.,

TouHo TakK ke, ecM HArPY3Ka B BUJIE OJIMHOYHOTO IPOMKOTOBOPUTEJIST BO3OYKIaeT-
cs curHasioM Ha yactote 200 I'11 Ha 1pyToii cTOpoHe pe30HAHCHOTO MHUKA, TO TIOJTHOE KOM-
IJIEKCHOE —COMPOTHUBJIEHWE TPEACTABJISIET CYMMY OMHMYECKOW W E€MKOCTHOM
cocraBstionux, T.e. 8,4 OM—j3,4 Om, Kor/1a TOK OTiepekaeT HanpsKeHue 1o daze. ITo
JIaeT B UTOTE TIOUTU TAKOH Ke Pe3yJIbTaT, 4TO ¥ TIPUBEICHHBIN Ha puc. 7.32, 32 NCKITIoUe-
HUEM TOTO, YTO B HTOM CJIydae MaKCUMaJIbHOE 3HAYEHUE MOIITHOCTH Oy1eT HabIioaTh-
Cs1 B IEPBOIA MOJIOBHHE PaboUero moynepuoia. DKBUBAJIEHTHAS HAarPy3Ka, ¥ TOJBKO Ha
gactote 200 I'm, cocranaser 10,8 OM ¢ mapasiesbHO BKIIOUEHHBIM KOHJIEHCATOPOM
¢ eMKocTbI0 35 MKD.

[Tpu IpOEKTUPOBAHNY BBIXOIHBIX KACKA/IOB CYIIECTBYET YETHIPE JIEKTPUIECKUX Mapa-
METpPa, KOTOPBIE IOJIKHBI OBITh COTJIACOBAHBI C TAKUM MAPAMETPOM BBIXOAHOTO (TTOTYIPO-
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YacToTa, Ny,

Puc. 7.33. 3aBUCcHMOCTb NOTHOTO KOMMEKCHOTO CONPOTUBAEHMUS AN
MOJENM C OFMHOYHBIM rpoMKoroBopuTtenem. [yHKTMpHAS NUHKA Ha rpa-
duKe NPeaCTABNSET YUCTO OMMYECKYIO Harpy3ky 8 Om
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BOJIHMKOBOT'0) IIPHOOPA, KaK MOIITHOCTD: a UMEHHO, MAKCUMAJIbHOE 3HAUEHKE TOKA, CPEIHEE
3HAUCHME TOKA, MAaKCUMaJIbHOE 3HAUeHUE MOIITHOCTH U cpejiHee 3HadeHue MorHocTu. (Tem-
IepaTypa Ha Iepexoie IOAyIIPOBOAHUKOBOIO IPUGOpa TAKKe, HECOMHEHHO, T0J/KHA YU~
TBIBATBCS TIPU  psifie  00CTOATENLCTB.) KpuTHUECKUME TapaMeTpaMu, HCXOAsS W3
CoOOpasKeHHi cOXpaHeHUsT PAOOTOCIIOCOOHOCTH MOy ITPOBOAHUKOBBIX IIPHOOPOB, UCIIOJIb-
3yeMBbIX B YCUJIUTENISX, SIBISIIOTCS, KAK ITPABUJIO, MAKCHMAJIbHbIE MTHOBEHHBIE 3HAUEHUS;
TS TETIITOBOTO pacyeTa YYUTBIBACTCS CpejiHee 3HAYeHUE MOIITHOCTH, TOT/IA KaK /ISt UCTOY-
HUKOB IIUTaHKs HauOoJiblliee 3HAYCHIE UMeET CPeJIHee 3HaYeHKe TOKOB.

Jlsist Toro 4TOObI YCTAaHOBUTH BJIMSTHIE HATPY3KH PEaTbHOTO TPOMKOTOBOPUTEJIS,
aBTOP KHUTH MCIIOJB30BAJ MOJIENIb BEIXOTHOTO KaCcKa/ia Ha SMUTTEPHOM ITOBTOPUTEJIE,
BO30YIKIAIOIIEr0 HArPY3Ky B BUJE OJMHOYHOIO IPOMKOTOBOPHUTEISI CUTHAJIOM, HMET0-
IIIIM CHHYCOMAAIbHYT0 (hOPMY € aMILTUTYAHBIM 3HaueHneM 40 B, muraromerocst Harpsi-
skerueM oT muH nutanus £50 B. Harpyska cooTBeTcTBOBaIA HATPY3KeE, IIPUBEAEHHON
Ha puc. 7.26, 3a HCKJIIOYEHNEM TOTO, YTO HHYKTUBHOCTD 3BYKOBOU KaTYIIKK ObLIa yMe-
ubiena g0 3Havenus 0,1 MI'H; ©TOroBast 3aBUCUMOCTbD ITOJTHOTO KOMIIJIEKCHOTO COTIPO-
TUBJICHUS TPUBOAUTCS Ha puc. 7.33. MojesnpoBanme epexoHbIX POIECCOB Ha
MPOTSIKEHU M MHOTHUX ITEPUO/IOB BBITIOJHSIINUCH JIJIsT 42 3HAYEHWH 9acTOTHI B IMaria3oHe
ot 20 I'y o 20 xI't1, mpu aTOM (UKCHUPOBATUCH W 3aIIUCHIBAINCH KaK MaKCUMaJIbHBIE,
TaK U cpe/lHue 3HaueHns. MojieiMpoBaHue J0KHO BBITTOJTHATHCS TTPU MHOTHX MTEPUO-
JIaX, TaK, Pe30HAHC B HU3KOYACTOTHOI 06JIaCTH U1l MOZEJIH IIOJIHOIO KOMILJIEKCHOTO
COMPOTUBJICHUST TPeOYeT HEKOTOPOTO TIPOMEKYTKA BPEMEHU, YTOOBI JOCTUYD YCTOSIB-
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Puc. 7.34. MNnkosble 1 cpeH1e 3HAYEHUS PACCEMBAEMOM MOLLHOCTM HA
BLIXOAHBIX NpUBOpax, paboTalLWmMX HA HAFPY3KYy B BUAE OAMHOYHOO
rPOMKOrOBOPHTENS, XAPAKTEPUCTUKA KOTOPOro M306paXeHa Ha puC.
7.33. TlyHKTMPHAS NIMHMS HO 30BUCMMOCTU OTHOCMTCS K MOKCUMANbHOMY
3HOYEHMIO MOLLHOCTH, BbIAENSIOWENCS HO YUCTO OMMYECKOW HArpy3Ke
¢ conpotuenenuem 8 Om
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Puc. 7.35. Mukosoe 1 cpepHee 3HaYeHME TOKA B BbIXOAHBIX NPpUBOpPAX,
paboTatowmx Ha HArPy 3Ky B BUAE OAMHOYHOTO rpomkorosoputens. MyHk-
TUPHBIE IMHMM HO rPABUKAX NPEACTABASIOT MOKCHMMONbHBIE M CPEAHUE
3HOYEHMS TOKOB, MPOTEKAIOLMX NMPHU YMCTO OMUYECKOM HArpy3Ke ¢ Conpo-
Menexrem 8 Om

IIETOCs COCTOSHUSA, KOT/IA TOCTATOUYHO PE3KO TIPUKIAIBIBACTCS CUTHAJ CUHYCOUIAb-
Holl (popmbl. He Bee aBTOPBI, 3aHUMAarONIMECs JaHHOI IIpo6JIeMOid, IPUHUMAIN BO BHU-
MamHue JaHHYIO TPOOIeMy.

Bos6yskaenne cTaliMoHapHbIM CUTHATIOM CUHYCOUIATBHON (hOPMBI HCTIOIB30BATIOCH
B KQueCTBe PeaIbHOTrO MPUOJIMIKEHNSI TOJBKO B IEJISX MOAECTUPOBAHS 1 TECTUPOBAHNS,
HO HE MOKET CYMTATHCS JOCTATOYHO XOPOIINUM TIPUOINKEHIEM JIJISI MY3bIKAJIBHOTO HJIN
pedeBoro curHayma. CirydyaifHble HellepUOIUYeCKIe TePEXOHbIE TPOTIECCH MOTYT HCCJIe-
JIOBATHCSI TIOI0OHBIM METOJIOM, OJIHAKO, KOJIMYECTBO (hOPM BO3MOKHBIX CUTHAJIOB OUEHb
BEJINKO, TAK)Ke CJEYET TPOSBJATh OYeHb OOJIBINYI0 OCTOPOKHOCTH TIPU 3ajaHUM
HaYaJIbHBIX YCITIOBUIA.

Ha puc. 7.33, 7.34 u 7.35 puBOJsATCS B YUCTOM BUJIE PE3YJIbTAThI, YCPEAHEHHbIE IO
0Y€eHb HOMBITOMY KOJIMYECTBY TPOIeccOB MofienpoBanust. Ha puc. 7.34 mokazano, 4To
MOJIOTHE TIOIHEMBI 10 Havasia MUKa [MOJHOTO KOMILJIEKCHOTO COTIPOTHBJICHUST B 00JIACTH
HY pesonanca B peaslbHOCTH YBEJTUUNBAIOT HAPY3KY MTHKOBOI MTHOBEHHOI MOIITHO-
CTH Ha BBIXOJHBIE MPUOOPHI TpuMepHO Ha 30 %, IpHYeM BOTIPEKH CHUKEHUIO MOTpe-
6JIIEMOTO TOKA.

HauboJiee onacHble 30HbI [J1s1 YCUTATEIS TPEACTABJISIOT GOKOBBIE YYACTKI PE3OHAH-
CHOTO TIHMKA, JIJISI KOTOPBIX (PA30BbII CIBUT IOCTUTAET MAKCUMAIBHOTO 3HaYenust. Beu-
YUHA MAaKCUMAJTbHOTO DPACCESTHUS TamaeT HIDKe JUHUM (TPOBENEHHON IS 4HCTO
PE3UCTUBHON HATPY3KH ¢ conipoTuBjeHrneM 8 OM U MOKa3aHHOW TYHKTUPHOMN JIMHUET )
TOJILKO B 06JIACTH PE3OHAHCHOTO KK, T/Ie TPOUCXO/UT €T0 JOCTATOYHO PE3KOe YMEeHb-
IIeHre K 3HAYE€HUI0, COCTABJISIONIEMY BCETO Y€TBEPTH OT 3HAUEHNUS, XaPaKTEPHOTO JIJIsT
cJIydast Pe3UCTUBHON HATPY3KU.
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Puc. 7.36. 3aBUCHMOCTb NONHOTO KOMMAEKCHOTO CONPOTUBNEHMS AN MOAE-
M AKYCTMYECKOM CUCTEMbI U3 iBYX FPOMKOrOBOPHTENEH, NPEACTABIEHHOM
Ha puc. 7.30. [yHKTMpHAS NMHKS OTHOCHTCS K Pe3UCTMBHOM Harpy3ske 8 Om

1 Hao6opoT, yBeanYeHre B BeJIMYIHE II0JIHOIO KOMILIEKCHOIO CONpoTUB/IeHns B BY
0bJacTH, T/ie THAYKTUBHOCTH 3BYKOBOW KaTYIITKU 3HAUNTE/IbHA, BBI3bIBACT GOJICE CEPhEes-
HBIH TTObEM B BEJTMYMHE MaKCUMAJLHOW MONITHOCTH, BeJTMUNHA KOTOPOit Ha 50 % mpe-
BBINIIAET 3HAUYEHWE 110 CPABHEHUIO CO 3HAYEHWEM JIJIs YUCTO OMUYECKON Harpy3KH.
MoskHO cjiesiaTh 3aKJ04eHne, YTO 7151 3HAUEHUST MAKCUMAJIbHON MOTIHOCTH (ha30BbIi
YTOJI SIBJISIETCSI TOPasao 6oJjiee BaxKHbIM (haKTOPOM, YeM BeJUYMHA IIOJHOIO KOMILIEKC-
HOTO COTTPOTUBJIEHUS.

BosneiicTBre Ha cpeiHIOI0 MOTIHOCTD PACCESTHUS, a TAK)Ke HA MAKCUMAJTbHBIN 1 CPe/l-
HUH TOK BBIXOAHOrO NPUOOpPa, 3aBUCUMOCTH KOTOPBIX IIPUBOAATCS HA pucC. 7.35, 1Ipo-
SABJIgETCS He TakK pe3ko. /[y paccMOTpeHHOro TuIlla Harpy3KW Bce TPHU IapameTpa
YMEHBIIAIOTCS, KOT/IA TIOJTHOE KOMTIJIEKCHOE COITPOTUBJIEHIE TPOMKOTOBOPHUTEJST BO3Pa-
cTaeT; cIBUT (Da3bl MEK/Ly TOKOM U HAIIPSIKEHUEM He BJIUSIET HA BEJTMUYMHY TOKA.

7.10.2. Harpy3ka B BUge AByXKaHalbHOWN aKyCTU4eCKOW CUCTeMbI

PesynbTar Mojie/MpoBaHus YaCTOTHOH 3aBUCMMOCTH [TOJIHOTO KOMIIJIEKCHOT'O COTIPOTHB-
JIEHUS /1711 HATPY3KH, BBITIOJIHEHHOH B BU/JIE IBYXKAHAJIBHOH aKyCTHUYECKOW CUCTEMBI U
pe/IcTaBJeHHON Ha puc. 7.29, okazan Ha puc. 7.36 st 59 Touek ¢ TUCKPETHBIMU 3Ha-
YEHWSMU 9aCTOThI. 3aBUCUMOCTH UMEET OU€Hb CIIOKHBIN XapaKTep, Ha Hell TPOSBIISIOT-
ca  TayOOKMH craj HUXKE HOMUHAJILHOTO 3HAYEHWS IIOJHOTO KOMILIEKCHOTO
COIIPOTUBJIEHUS, @ TAK)KE U 110//beM OTHOCUTEIbHO HTOr0 3HaYeHUs; TaKoe I10BejleHne
XapaKTEepPHO JIJISI CXEMbI, B KOTOPOI UCTIOJIb3YeTCS HECKOTIBKO TPOMKOToBopHTeeil. CHu-
JKEHMe [TOJTHOTO KOMIIJIEKCHOTO COITPOTUBJICHUS TPUBOJUT K MAaKCUMAJIbHON Harpyske
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Puc. 7.37. MakcrmanbHas (MMKOBAS) M CPeaHss MOLLHOCTb, paccenBae-
Masi B BBIXORHOM (nonynpoBopHMKoBOM) npubope, paboTtatowem Ha
MOAENb HArPY 3KM U3 ABYXKAHAMbHBIX FpOMKOroBoputenei. MyHKTMpHbIMM
NIMHMSIMM MOKA3AHbI YOCTOTHBIE 3UBUCMMOCTU MAKCUMAIBHOM M CpeaHen
MOLUHOCTH AN PE3UCTUBHOM Harpy3ku 8 Om

HAa BBIXOJIHBIE TIPHOOPBI, TAK KK TIPH 3TOM HAKJIABIBAETCST (DAKTOP YBETUIUBAIOIIETOCS
TOKa HArPy3KHU CO CIBUTOM (hasbl, YTO YBEJIMYNBAET MTHOBEHHYIO MAKCUMAJILHYIO MOIIL-
HOCTb PacCesHUs.

Ha puc. 7.37 yBenndeHue moJHOr0 KOMILIEKCHOTO CONPOTHBAeHM B oOmactu HY
PEe30HAHCA OTSITh TPUBOUT K YBEJTUUEHHOMY 3HAUEHIIO MOTITHOCTH PACCESTHIS, BBI3BAH-
HOMY (ha30BBIM C/IBUTOM; TPH JK€ OCTATIBHBIX MapaMeTpa yMEHbIMATCst. A B obaactu
BBICOKHUX YaCTOT HaOIIOAAECTCSI CTIajl 3HAYEHUS TIOJTHOTO KOMITJIEKCHOTO COTIPOTUBIICHYST
Ha yactote 6 KI'11, KOTOPBIi TOYTH BIBOE YBETMUNBAET MAKCUMAJILHOE PACCETHIE MOIII-
HOCTHU Ha yYacTKe MEHBIIIET0 cI1azia, 3deKT MposiBIgeTcs CuiibHee U3-3a TOTo, 4TO KaK
(hasoBBIN cABUT, TAK U yBEJUUEHHOE MOTPEOIEHIE TOKA ACHCTBYIOT COBMECTHO. B 1eii-
CTBUTEIHHOCTH HUKHSA 4acTh (JIHO) CIIa/Ia XapaKTePUCTUKU PE3KO YMEHBIIAeT MAKCH-
MaJIbHYI0 (TTMKOBYIO) MOTITHOCTb, KOT/IA 3HAYEHUE yTJIa c/IBUTA (Da3bl MPOXOIUT Yepe3
HOJIb, OTIPEIEJISIs HAINYME <ITPOPE3U, BBIEMKI» HA BEpPIIMHE TTHKA.

Ycepennennoe 3aauenne moitHocTu (puc. 7.37), a TakKe TUKOBOE U yCpeIHEHHOe 3Ha-
YeHWs TOKOB (puc. 7.38) yBeIMUNBAIOTCS 3 CUET YMEHBINEHUS 3HAYEHUS TIOJTHOTO KOM-
IIJIEKCHOTO COTIPOTUBJIEHUSI, OJIHAKO, /10 GoJiee yMepeHHOTo 3HaueHwus. [Tokazano, 4To
MaKCUMaJIbHAs (ITMKOBAsT) MOMIHOCTD MOXKET SIBJSTHCS KPUTUUECKUM TTapameTpoM. B
TEXHUYIECKUX MACTIOPTaX Ha CHIIOBbIE (MOIIHBIE ) TIOJTYIPOBOJHUKOBBIE TPUOOPDI OUEHD
4acTO YCTaHABJIUBAETCS, YTO JIOILYCTUMbIE 3HAYCHNU MOUIHOCTU U HAIIPSIKEH M BTOPUY-
HOTO TIpo60st (2 MHOT/IA TAKIKE U TIPe/Ie/IbHbIe 3HAYEHUSI TOKOB B COEIMHUTENBHBIX TPO-
BOJIaX) MOTYT IIPEBBINIATHCS HA HE3HAUMTEJbHBIE MO JJINTEIBbHOCTH ITPOMEKYTKN
BpeMenu. Ecii ke aTu fiotmytiieHust OyyT IPUMEHEHbI B peaibHOI MTPaKTHKE B OTHO-
HeHry MpuOOPOB, IPUMEHSIEMbIX B AyINOAIIIAPATYPE, TO BAIIA JKU3Hb MOKET OKA3aTh-
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Puc. 7.38. MakcumansHoe (n1KoBoe) u ycpepHeHHOe 3HaYeHWe ToKa
BbIXOAHOTO (MonynpoeoaHukoeoro) npubopa, paboraiowero Ha nonHoe
KOMNNEKCHOE CONPOTUBIEHHUE ABYXKAHANBHON AKYCTUYECKOM CUCTEMBI,
npencrasneHHoM Ha puc. 7.13. TyHKTUPHBIMK IMHWAMM MOKA3AHbI YACTOT-
HbI€ 30BMCUMOCTU MAKCMMQANBHOTO (TMKOBOTO) M CPEAHErO 3HAYEHMS TOKA
npu paboTe Ha YMCTO Pe3UCTMBHYIO Harpysky 8 Om

cs1 B 04eHb GOJIBIION OMACHOCTH, TaK KaK HAMOOJIbLIMIL IPOMEKYTOK BPEMEHHU, JOIY-
CKaeMbIl B TEXHUYECKON JOKYMEHTAIMH, COCTABIIET OOBIYHO 5 MC, TOT/A KaK HOJIyIe-
puoz curraia Ha gactote 20 't cocraBiisieT 1esbix 25 Mc.

N3 5TOr0 MOKHO CZI€TaTh BBIBO/I, UTO JAEHCTBUTELHO CJIOKHBIM CJIydaeM TI0JTHOTO KOM-
ILJIEKCHOTO COIPOTUBJIEHN HAIPY3KHU SABJSAETCS TAKOM, KOTA IPUCYTCTBYET OOJIBIIOE
KOJIMYECTBO HEOOJIBIINX FOPOOB U CIIA/I0B, JAIOIUX 3HAYUTEAbHbIA CIBUT (pasbl U OBbI-
HIEHHOE 3HaYeHne MaKCUMa/IbHOU (IIMKOBOM) MOIIHOCTH paccesiHusi B OOJIbIIeN yacTu
aKyCTHUYECKOTO /inana3ona. Peskne cHukeHns (TIPOBAJIbI) HA 3aBUCUMOCTH ITOJTHOTO KOM-
ILJIEKCHOT'O COIIPOTHUBJICHUS BbI3bIBAIOT GOJIee CUJIbHBIE HATPY3KHU, UEM IIMKH, KAK MOKHO
Ob110 Obl OKUAATh. HU3KIE 3HAYEHMS [IOJIHOIO KOMILIEKCHOIO COIIPOTUB/IEHH B 00J1a-
CTH TIOBBIIIEHHBIX YacTOT (Bbiie 5 K['11) 0COOEHHO HEXKETaTETbHbI, TAK KaK OHU IPUBELYT
K YBEJIMUEHUIO UCKa)KeHUIT Tiepexo/ia (CUTHAJA) Yepe3 HyJIeBOe 3HAYEeHE.

7.11. YBenn4yeHHble TOKM rPOMKOroBopuUTens

Korza 06cyskmaioTcest BOPOCH CTIOCOGHOCTH YCUITNUTEIST U €T0 HATPY3KH B BU/IE TPOMKO-
TOBOPUTEJIS BBIZICPKUBATD YBEJMUEHHYIO 110 BeJIMYMHE TOKOBYIO Harpy3Ky, TO 4acTo
BBICKA3bIBAETCSI MHEHIE, UTO BO3MOKHO N300PECTH CUTHAT CTIETUATLHON (hOPMBI, KOTO-
PBIH TIO3BOJIUT TPOMKOTOBOPHUTEJIIO MTPOILYCKATh OOJIBIIII 110 BEJUYUHE TEPEXOTHON
TOK, YeM 3TO MOTJIO ObI OBITH TPU OOBIYHOM CUTHAJIE. DTOT AeiicTBUTEIbHO Tak. [TepBast
mybavkarst Ha 9Ty Temy npuHamiesxkut Otara (Otala) u mp. [ 13], 3aTem aTa Tema 6bima
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nponoskena Orana u XarranenoMm (Huttunen) [14]. Hasmuue nannoro adgexra takske
6b110 oaTBepsKAeH0 Kopaesmom (Cordell) [15].

AP dexT MoxKeT ObITh POAEMOHCTPUPOBAH € IOMOIIBIO JIEKTPUYECKOrO aHAJIOra
AKyCTHYECKOI CUCTEMBI ¢ OJIHUM TPOMKOTOBOPHTENIEM, KOTOPast Obljla II0Ka3aHa Ha PUC.
7.26. Peauctop Rc MozesupyeT conpoTuBieHNe 3BYKOBOH KaTyIIKH, a Apoccerb Le —
ee MHAYKTUBHOCTD. JjeMeHThl Lr u Cr MOZeNUpyIOT aKyCTHYECKUIT pe30HaHC B M-
(dysope, Torna kak Rr onpezesster mapaMeTpbl 3aTyXaHusl. ITH TPU JIEMEHTA CXEMbI
MOJIETUPYIOT TTaPaMeTPhI TTOJHOTO KOMILIEKCHOTO COTTPOTHBIIEHUS TIPU PEATHHOM 2JIEK-
TPOMarHUTHOM pe3oHaHce. THAYKTUBHOCTD 3BYKOBOH KaTymikn coctasisieT 0,29 mTH,
a ee corporuBienue — 6,8 Owm, T.e. 3HaAUEHUs], TUTTUYHBIE JIJIST HU3KOUACTOTHOTO JIMHAMMU-
Ka, IMEIOIIEro AraMeTp 25,4 MM U HOMHHAJIbHOE TIOJTHOE KOMILIEKCHOE COITPOTHUBIICHIE
8 Om. V3mepeHusi, BHIIIOJIHEHHBIE C UCIIOJb30BAHUEM TOW CXEMbl, HE T03BOJISIOT
3a(UKCUPOBATh CHIKEHUE ITOJTHOTO KOMILJIEKCHOTO COITPOTUBJIEHUS HUKe 3HaUeHus 6,8
Owm Ha J11060# YacToTe, TIOITOMY JIETKO OBLIO ObI TIPE/TIONOKITD, YTO BEJIMINHA OTPE-
6J11eMOr0 TOKa HUKOI/IA He TIPEBBICUT 3HAYEHMS, OIIPEIE/IAeMOT0O BeJIMYMHOM COIPOTHB-
Jaenus 6,8 Om. OxHako, 9TO He Tak.

SPKR1SIM.CIR 5/10/95 Update 4 Sep 97
Date/Time run: 09/12/97 Temperature: 25,0
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Puc. 7.39. CvrHan c acuMMeTpu4HOM pOPMOM, UCNONb3yeMblid Ans reHe-
paLMM YBESIMHEHHOTO MO 3HAYEHMIO TOKA B rpomkorosoputene. CurHan,
uMetowmi popmy B BMae nocneposatensHocTu (umnynscos) ABCDE,
reHep1pyeT BbIBPOC OTPULATENBHOTO NO 3HA4YeHMIO Toka. B npasoit yactu
06paTHas NOCNeaoBATENbHOCTb CUrHANOB OBPA3YET MONOXMTENbHbIA
BbIGPOC. 3ABUCMMOCTL NPAMOYTONbHOM OPMBI OTOBPAXAET TOK, NpoTe-
KQIOWMM NO pe3ncTuBHOM Harpyske 8 Om
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CexpeT, BBI3BIBAONIUI TPOTEKAHUSA HEOKUAAHHO GOJIBIIOTO MO BEJIUYUHE TOKA,
3aKJIIOUYAETCS B TOM, YTO HEOOXOIMMO YUUTHIBATH SHEPTHIO, 3aITACEHHYIO B PEAKTHBHBIX
aJIEMEHTaX CXeMbI. DTOT IDPEKT IEMOHCTPUPYETCS UCIIOIb30BAHIEM CUTHAJIA aCUMMe-
TPUYHOM (POPMBI, IEPEXOIHOM TTPOIIECC KOTOPOTO TOYHO CHHXPOHU3WPOBAH C PE30HAH-
coMm rpomkorosoputesisi. Ha puc. 7.39 npezictaBiieHbl pe3yibTaThl MOJIETUPOBAHMS
TOKOB, MOTPEOIISIEMBIX B CXeMe, N300paskeHHO# Ha prc. 7.26, ¢ UCTIOIB30BAHUEM TIPO-
rpammbl PSpice. 3aBUCHMOCTD, IMEIOITAst SPKO BBIPAXKEHHYTO TTPAMOYTOJIBHYTO (hOpMY,
MIPEICTABJISIET TOK, IPOTEKAIONINIT B 9TAJIOHHOM PE3UCTOpe C conpoTusieHreM 8§ Om,
[IPU TUTAHWH, UMEIOTIEM TOYHO TaKyto ke (hopMmy curHaiza. OrpaHudeHus: BBIXOIHOTO
HanpspKeHust 3HadeHusiMU =10 B MCoib3y10Test B TaHHOM CJTydae IpocTo U3 coobpaske-
HUI y106CTBa, HO OUEBUIHO, YTO 3TU TIPEIE/Tbl MOTYT UMETh O0JIee BBICOKHE 3HAUEHS,
B 3aBUCUMOCTHU OT PeAThHOTO HAMPSIKEHUsT TUTAHUS HA IUHAX YCUIUTEIS.

B nauapHOIT TOUKE JIEIICTBUS CUTHATA, TOUKe A, TOK 3apsikaeT konjieHcarop Cr, yme-
HBIIIAsICh BO BDEMEHM /[0 3HaUEHUS TOUYKU B 1Mo Mepe 3apsaa koHaeHcaTopa. Tox Takke
MeJIEHHO HapacTaeT B Apoccesie Le, PUBO/ASA K YBEJUYEHUIO OOIIEro moTpebsieMoro
TOKa JI0 3HAUEH WS, COOTBETCTBYIOIETO Touke C. [lepexon kK mpoTUBONOI0KHOMY (TI0JI0-
JKUTEJIHHOMY ) TI0 TIOJISIPHOCTU 3HAYEHUIO BBIXOIHOTO HATIPSIKEHMS TIEPEBOIUT CUCTEMY
B Touky D; aTo cocTOsiHME He SIBJISETCS TOYHO COOTBETCTBYIOMINM TOUKE A, TaK Kak B
npoccesie Lr Obliia 3amtaceHa HEPTHUsT, HAKATLIMBAOIIASCS B TEYEHHE OCTATOYHO MTPO-
JOJKUTETBHOTO 110 BPEMEHHU JIeHICTBHS CUTHAJIA C OTPUIATEIBHOI MOJISIPHOCTHIO.

[Tocne atoro B Touke E, camoit HUKHEN TOUKe 3TON YacCTU KPUBOI, BBITIOTHIETCS
TOYHO CUHXPOHU3UPOBAHHBIN Tlepexoj. V3MeHeHre TOKa IIPOUCXOMIUT HA TOUHO TAKOe
JKe aMIUTATYHOE 3HaUeHe, YTO ¥ B TOUKe D, 0JTHAKO OHO HAUMHAETCST B TOUKE, T/le TOK
y’Ke UMeeT OTPUIATEIbHOe 3HAYEHUE, T0ITOMY OH IIPOJIOJIKAET ellle CHJIbHee BO3pa-
CTaTh, YBEJIMYUBASICH B OTPHUIATENHHYIO 06JIACTD 1 JOCTUTAst MAKCHMATLHOTO 3HAYEHYST
2,96 A, uto B 2,4 pa3a IPEBbINIAET BEJIMYUHY 110 CPABHEHUIO CO 3HAUEHUEM, TTIOTpebJIsie-
MBIM YKCTO PE3UCTUBHOU HArpy3koil 8§ OM. ABTOp KHUTH Ha3Bal 9ToO siBjeHue ahdek-
TOM CHHXPOHU3AINU ToKa (aHTIost3biuHas abopesuatypa — CTF).

Oraja (Otala) u Xarranen (Huttunen) [14] nmokasasiu, 4To HCIOJb30BaHUE MHOTO-
KaHAJIBHBIX aKyCTHIECKUX CHCTEM, a TaKKe H0JIee CIOKHBIX MX HJIEKTPIUECKUX MOJIe-
Jiell, JIoTycKaeT ropasno OoJblliee KOJUYECTBO CTemeHell ¢BOOOABI B MOJyYEeHUU
MaKCUMAaJIbHOTO 3HAYEHUSI IIITKOBOTO TOKA. OHY OrpaHIMYNIIN HAUXYAIIIH CIydai mpo-
saByienns adekTa CHHXPOHU3AIIUK TOKA yBeJINYeHeM ero 3HadeHus B 6,6 pas. Ycu-
JINTENb, OTAaomMKi B HArpy3ky 8 Om momurHocTs 50 Brt, mosken Oyaer oTgaBaTh
B HarpysKy c¢ conporusiaeareM 8 OM TOK BeJndnHOU 3,5 A; ycuaure i 0ObIYHO pac-
CUMTHIBAIOTCS HA PabOTY Ha HArpy3Ky 4 OM Wi lake MeHbIIe, 4TOOBI 10Ty CTUTh He3-
60sIe3HEHHOE TTa/[eHNe TOJHOTO KOMILTEKCHOTO COTIPOTHBIIEHMUS, 2 9TO 03HAYAET, YTO
MIPOTTYCKHAsE CIOCOOHOCTD YCUJIUTEJIS TI0 BEJIMYUHE TTMKOBOTO TOKA JI0JIKHA PACCUMTHI-
BaThCs UCXO/S U3 3HAUEHUs, 110 KpaiiHeil mepe, 7,1 A. [Ipu aTom nosryyaercs, 4To ¢
YYIeTOM MCT0JIb30BaHus Koadduiinenta cuaxponusaruu o Toxy, CTE npomyckHas
CIIOCOOHOCTH TI0 TMKOBOMY 3HAYEHUIO TOKA J0JIKHA COCTABJIATS, 10 Kpaiineii Mepe, 23
A. JleficTBrE 5TOTO TMKOBOTO 3HAUEHUS MOJKET MPOJIOJIKATLCS TI0 BpEMeHH He boee
MUJIJIUCEKYH/IBI, HO OHO MOKET 3HAUUTEJIBHO OCTIOKHUTD PACUET CXEMBI 3aIIUTBI.

CyI1ecTBeHHO BaXKHBIMU YePTaMK UCITOJIb30BAHUS CTUMYIUPYIONIETO CUTHAJIA SABJIS-
H0TCST 3HAUUTENHHO GoJiee OBICTPOE TPOTEKAHUE TIEPEXOHOTO TPOIECCA U ACUMMETPUY-
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HOCTD €ro pactipezieienud 1o BpeMenu. OnruManabHOe paciipe/iesieHue 1o BpeMeHu st
GOJIBIINX TOKOB MEHSIETCS € TIAPDAMETPAMH aKyCTUIECKON cucTeMbl. [IJist (hopMbr curHa-
Jla, n3006pakeHHOro Ha puc. 7.39, UCroib3yeTcs JIMHEHHO HAapacTalOMIMii IePexoAHO
npotiecc, pusnmiicsa 10 MKC; eci VIUTENbHOCTD TIePEXOTHOTO TIPOIecca YBEJINYUTh,
BeJIMYMHA ITUKOBBIX TOKOB yMeHnbiaeTcs. /o 3uauenus 100 MKc 9T u3mMeHeHus: HeBe-
JINKU, OJTHAKO, TIPU YBEJINYEeHIH [JIUTETbHOCTH II€PEXOHOTO Tpoiiecca 0 500 MKc BJms-
Hue 3 eKTa CHHXPOHU3AIUU TOKA YMEHbBINAETCs co 3Havenus 2,4 o 2,1.

Bes npoBezienns ncyepnbiBaIONMX UCCAEA0BAHNN TTOKA HEBO3MOKHO CY/IUTh, KAaKOe
KOJINYECTBO YCUJIUTEEH MOIHOCTU CMOKET 00ECTIeUnTh MIECTUKPATHOE TIPEBbIIICHNE
HOMWHAJIBHOTO 3HAYEHU S TIMKOBOTO TOKA.

Kak mosio3peBaeT aBTOp [AaHHOM KHUTH, TAKOBBIX OKa)KETCS OUE€Hb HE OYEHb MHOTO.
Asnsercs mm, cae0BaTeIbHO, TAKOE MOJTOKEHNE /e He YU THIBAeMOU TIPUINHON peab-
HOTO yXyIIIEHUS KaueCTBa ayIMOTEXHUKN? ABTOP KHUTH B CUJTY CJCIYIONUX MTPUUNH
TaK He CUNTaeT:

1. B MysbIkasbHOM CUTHAJIE HA CAMOM Jiesie He COJIeP:KUTCS COCTABJISIONIEN
C TIPSIMOYTOJIbHO#H (hOPMOI CUTHAJIA BBICOKOW UHTEHCUBHOCTHU JIHOO € TAKO#
(hopMOii, KOTOPYIO MOKHO GBLJIO GBI ATIMTPOKCUMHUPOBATD TPATIEIEUIATbHBIM
curHasioM. OmpeiesIeHHY0 O0Jb3y MOTJIO ObI TPUHECTH CTATHCTUYECKOE
HCCJIENI0OBAHKME TOTO, KaK 4acTO BCTpedaeTcst (ecm BOOOIe BCTPEUYAETCST)
(bopma curraa, KoTOpas aeT 3HAUUTETHHOE YBeJInUeHne Toka. B kauecTBe
HeOpMaTbHOTO TecTa aBTOP KHUTH MPOBEJ YacTh BPEMEHU C IMUPOKO
PaCKPBITBIMU TJIa3aMHU, YCTaBSICh B 9KpaH 11 poBOro ociusorpada, moj-
KJIIOYEHHOTO K MCTOYHUKY CUTHAJIA, IPEACTABISIONIET0 CaMblil OObIYHBIN
POK-KOHIIEPT, IIPU 3TOM HE YAaJI0Ch HAGJ0aTh, YTO-HUOY/Ib TOX0KEE Ha
TecTOBbIN curHa. HeBo3MOKHO OTBETUTH Ha BOIIPOC, IPUCYTCTBOBAJI JI
CUTHaJI C aCUMMETPUYHBIM pacIIpeZie/IEHNEM I10 BpEMEHN, HO COBEPIIEHHO
OYEBUJIHO, YTO OTCYTCTBOBAJIM BEPTUKAIBHbIE COCTABJISIIOIINE ¢ GOJIBIITUM
3HAaYE€HUEM aMILJINTYIbI.

2. Ecau y yeuaurelist OTCYTCTBYET CIOCOOHOCTD TIPOIYCKATh OUeHb OOJIbIIIIE
[0 BEJINYMHE MUKOBBIE TOKU, TO OCTAETCS HAESATHCS TOJBKO Ha paboTy
cxeMbl, obecIieunBaoIIeil 3auTy oT meperpysku. Eciau Takas cxema
HE SIBJISIETCST YeTKO cpabaThIBAIOIIEl cXeMoil ¢ (huKcanueil coCTOsSTHUS, TO
€INHCTBEHHBIM PE3YJIbTATOM OYET PEIKUEe U KOPOTKUE MEPUOIBI PESKIX
(«pexymux» CIyX) MCKaKeHUH, KOT/la Ha TPOMKOTOBOPUTENH MOCTYIIAeT
CUTHAJ ¢ 0COOEHHO HeyAauHOU Gopmoii curHasa. MI3BeCcTHO, 4TO Takue
HEYACTO BCTPEUATONNECcS NCKAKEHUS TIEPEXOTHOTO TIpoliecca JIesKaT BHe
MOJIOCHI aKYCTHYECKOTO AUATTA30HA, U TOJIBKO 3TOT (haKT MOKET OOBSICHUTD,
nouemy 3G deKT yBeIMUeHUS TOKA 10 CUX TIOP MTPAKTUIECKH He TTPUBJICKAT
BHUMaHUSI Pa3pabOTIHUKOB.

7.12. HeycTonumBoCTb ycunurtens

[Tox siBIeHMEM HEyCTONYMBOCTH B yCUJIUTEJIE TIOHNMaeTCs BOSHUKHOBeHMe (TeHepa-
1) HEJKeNTaTeTbHBIX KoJeOaHuil, HAOMOAAOMNXCA KaK B BBICOKOYACTOTHOM, TaK
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1 HU3KOYACTOTHOI obacTsx. [TocieaHue IPOSIBISIIOTCS KpaliHe PEAKO B YCUIIUTESX,
PabOTAIOIINX HA MTOJIYTPOBOIHUKOBBIX MPUOOPAX, XOTSI OCTABJISIIOT IIMPOKOE TIOJIE JIEs-
TEJLHOCTH JJIsI Pa3paboTYNKOB 060PYA0BaHK Ha 3JIEKTPOBAKYYMHBIX Jammax. K asJie-
HUIO HEYCTOMYUBOCTH HEOOXOIUMO OTHOCUTBCS YPE3BBIUANTHO CEPHE3HO, TAaK KaK OHO
MOZKET He TOJIBKO TIOBPE/IUTh YCUINTEh, B KOTOPOM OHO BO3HUKAET, HO TAKIKE BHIBECTH
U3 CTPOS U aKyCTUYECKYIO CHCTEMY.

HeycroitunBocTh B 06J1aCTH CPEHNX YaCTOT, HATIPUMeD, Ha yacToTax nopsiaka 1 kI,
BeCbMa MaJIOBEPOSITHA, 32 MCKJIIOUEHUEM CJTyYaeB YPE3BBIYAITHO HEOOBIUHO KOHCTPYK-
mn co cnagamu AUX u ha3oBbIMU cIBUTAMH, UMEIOIITUMU MECTO B CEpPe/INHE aKyCTH-
YECKOTO TUANa30Ha.

7.12.1. BY HeyCTOM4YMNBOCTb

HeycToitumBocTh Ha BHICOKOH YacToTe, BO3MOKHO, IIPEACTABJIsAET HanboJjiee TPYAHYIO
pobJIEMY, ¢ KOTOPOU MOXKET CTOJIKHYTHCST Pa3pabOTUMK YCUIIUTES, JIJIsT 9€TO CyTIle-
CTBYET HECKOJIBKO CEPhE3HBIX TPUIHH.

1. Bonee Bcero nmpuBossieii B yasinne ueproit BU weycroitunBocTr aBiseT-
Cs1 TO, UTO TIPU ONPEEJEHHBIX 00CTOSITENBCTBAX OHA MOJKET MPUBECTH
K BBIXOJIY YCUJTUTENSI U3 CTPOSI 32 OTHOCUTENBHO KOPOTKHUI TPOMEKYTOK
BpeMeHu. Yariie Bcero He peKOMEH/IyeTCs TIO3BOJISATD YCUIUTETIO HAXOAUTD-
€S B CAMOM pEKUMe TeHePallit, IOKa Bbl 00yMbIBAaeTe IPUPOAY JAHHOIO
nedexra.

Yeunurenn Ha OUIONAPHBIX TPAH3UCTOPaxX OYAYT MeperpeBaThCcsl U3-3a
nepexpbITHs (HaJI0KeHuUs ) 06J1acTeil IIPOBOJUMOCTH BHIXOAHBIX IPUOOPOB;
[/ paccachbIBaHUS HOCUTEJIEH 3apsai0B 13 00J1aCTH P-N-MIE€PeX0A0B Ipubo-
poB TpebyeTcst HeKoTopoe BpeMst. JacTh pazpabOTUNKOB CIIPABJISIETCS €
9TOII 3a1aueil JIydlie APYrux, HO BCe elle 0CTAeTCs aKTyalbHOI mpobiema,
KOT/Ia 33j1aua MOJIBEPTHY Th OUTIOJISIPHBIH TPUOOP JTUTETbHBIM UCTTBITAHUSIM
C IPpUMEHEeHUEeM CUHYCOUJIaJIbHOTO cuTHasia ¢ yactoToit 20 xkI'r momkHa
BBIIIOJIHATBCS ¢ GOJIBIION 0CTOPOKHOCTBIO. CobCTBEHHbIE KOoslebanus, 6e3
COMHEHMIA, MOI'YT UMETh TOpasao 6oJiee BEICOKYIO YacTOTY, YeM PacCMaTpu-
BaeMasi, U B PsiJie CITyYaeB BBIXOIHbIE IPUOOPHI MOTYT OKA3aThCsI Pa3pyIiieH-
HBIMHU 32 CUET TEIJIOBOTO IP000s OYKBAIBHO B TEUEHNE HECKOJIBKHIX CEKYHI.
Pesucrop B cxeme 300€J1s1, HATPUMEP, MOKET OYKBAJIBHO 3arOPETHCSI.
Ycunuresu, BbITOJTHEHHbIE HA TTOJEBBIX TPAH3UCTOPAX, MEHbIIIE TO/IBEP-
JKeHBI 3TOMY 3(DPeKTy, OIaroapst MPEsKie BCETO MHOMY MEXaHU3MY mepe-
HOca HocHTeJIel 3apsia, OIHAKO OHU IPOBJIAIOT rOpasno 00Jjiee BHICOKYIO
CKJIOHHOCTD K MapasuTHOW reHepalii B 00JIaCTH BBICOKUX YaCTOT, KOTO-
pasi B TAKOH jKe Mepe MOXKET OKa3aThCs pa3pylIIuTebHON. B peskrme Bbico-
KO-aMILIUTY/ITHOU TeHEepaIuy ToJIeBble TPAH3UCTOPBI B TIJIACTMACCOBBIX
KOPILyCax MOTYT BBITH U3 CTPOS CO B3PHIBOM; 0OBIYHO 5TO OU€Hb OBICTPHIIi
MIPOIIECC, PA3BUBAIOMINIICS B TeUeHUE HECKOJBKUX CEKYH/] MJIU OKOJIO TOTO,
U OCTaBJIIET OUEHb HEMHOTO BPEMEHH, YTOOBI YCIIETh OTKIIOUUTD CXEMY.
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2.

Paznuunble 1enu cxemMbl yCUIIATESI MOTYT HIEPEHTH B PEKUM IeHepaIuu 1o
cBOeil cOOCTBEHHOU MPUYKHE, JaKe eI KOHTYD 0011ell 00paTHO CBSI3H
obecrieynBaeT yCTONYNBOCTD OTHOCUTENBHO reHepalinu Haiiksucra (Nyqu-
ist). BoJiee Toro, gaxe OTAeIbHO B3SThIil IPUOGOP MOKET BOUTH B PEKUM
MapasuTHON reHepanuy (HAIPUMEP, CXEMbl IMUTTEPHOTO TIOBTOPUTEJS,
MUTAIONMeCd OT UCTOUHUKA C HECOOTBETCTBYIOIIUM ITOJIHBIM KOMIIJIEKCHBIM
COIPOTHUBJIEHIEM ), U 9TO MPOMCXOANUT OOBIYHO Ha JOCTATOYHO BBICOKOI
yacToTe, KOTopas Jubo He MPOKIAABIBAET cebe T0POTy Ha BHIXO/ K YCUIU-
TEJTIo, TUO0 He PETUCTPUPYETCsT Ha dKpaHe OcIuTorpada ¢ moocoi mporry-
ckauust 20 MT1. TIpucyTcTBue mog06HOTO Pojia Tapa3uTHBIX KOJiebaHMil
O6BIYHO MTPOSIBJISIETCS B BUJIE M3OBITOUHOI U HEOKUIAHHOM HETHHEHHOCTH
XapaKTePUCTUKH.

Cuenyiomeit npobaemoii BosuukHosenns BY kosrebanmii SBisseTcs To, 9To
OHU He MOTYT OBITh TIPe/ICKa3aHbl TEOPETHYECKU B 0011eM Buje. Vickimoue-
HUe COCTaBJISIET TOJIBKO 0011ast reHeparnust Haiiksucra (T.e. BO30yKIeHUE
KOJIeOaHWI, CBSI3AHHBIX € TJIABHBIM KOHTYPOM 0OpPaTHOI CBSI3U U3-3a TOTO,
4TO (Ha30BBIN CABUT CTAT Yepecuyp GOJIBIITUM 10 TOTO, Kak KO3(hOUITHEHT
YCUJIEHUS 1IeTTn 06PaTHOM CBA3U He CHU3UJICS JI0 3HAUEHUST, MEHBIIIE YeM
€/IMHUTIA), BOBHUKHOBEHIE KOTOPOI MOSKHO TIPEIOTBPATUTH Ty TEM PacueTa,
MO/JICTTMPOBAHUS WJIU IPOEKTUPOBAHUSA. Y CUTIEHUE TTPSIMOH TIeTIH ¥ 4acToTa
JOMHMHAHTHOTO 11oJtoca (0co6oil Touku AUX) paccunThIBAIOTCS JOCTATOY-
HO TIPOCTO, XOTsI YaCTOTHI MOJIIOCOB H0JIee BHICOKOTO MOPSI/IKA, KOTOPbIE MTPH-
BOJZAT K HAKOIUVICHWIO BEJMYMHBI yTia (hazoBOro CABUTA, MOJHOCTBHIO
OTHOCSITCSI, KaK TIPABUIIO0, K 0OJTACTH MUCTUKH; HACKOJIHKO U3BECTHO aBTOPY
KHUTH, ellle He ObLIO BBITOJIHEHO HU OJIHON PaboThI, MOCBANIEHHON YacTOT-
HOI XapaKTEPUCTUKE BBIXOJTHOTO KACKaJ/Ia yCUJIUTENSI HU3KOH YacToThl. Pac-
yeT ycrorumBocty HaiikBucTa, ciefioBaTeNlbHO, CBOAUTCS K PEIIEHUIO
po6JIeMbl, KAKOB J0JKEH OBITh KO hUIMEHT 06paTHOI CBSI3M HA 4acTO-
te 20 kT11, uTo6B 00ecTIeunTh TPEOYEMY0 YCTONYUBOCTD MPH PA3TUIHBIX
3HAUEHUAX PE3UCTUBHON U PEaKTUBHON HArpy30K, MOCJIE YT BBITOJIHIET-
cs1 pasbuenue (JieieHre) BeJMUnHbI KO (MUITMEHTa YCIUICHUs PA3OMKHY-
TOH 11enu 0OpaTHOM CBA3H MEXKAY KPYTH3HON XapaKTePUCTUKK BXOLHOIO
Kacka/ia 1 Iepexo/[HbIM COITpoTUBJIeHNeM (transresistance) kackaia ycuu-
TeJIsT HATIPSTKEHMSL.

Ocrasphbie Buabl BU B30y KICHNUS, KaK TTapasuTHBIE, TakK U ApyTHe, 6oJiee Heompe-
JieJIeHHbIE ¥ IPUBOJSIIIE K BO3OY KIEHUIO, 3aBHCAT, CKOPEe BCero, B OCHOBHOM OT pas-
JIMYHBIX HEN3yUEHHbIX WJIN N3YYeHHBIX YaCTUIHO, 3(h(HEKTOB BTOPOTO TIPSIIKA, KOTOPhIE
TPY/IHO WJIN IPOCTO HEBO3MOKHO BBIPA3UTD B KOJIMUECTBEHHON (POPME 1 KOTOPbIE JI0CTa-
TOYHO CITPABEJTMBO 0 3TON TPUYMHE OCTAIOTCS BHE PAMOK TTPUMEHSIEMbBIX MO/IETTbHBIX
MpejiCTaBJIeHU. ITO BCE IPOCTO O3HAYAET, YTO MbI BCE ellle HaXOAUMCS B TI0JIOKEHHH,
KOTOpO€e HEHAMHOTO JIy4llle MeToga Ipod 1 oubOK, KOTAa 0CTaeMCsl JIMLOM K JIUILY CO
CIIOZKHOI TIPOOJIEMOI.

BbixoHOM KacKaj, oXBauyeHHbIH JOIOJIHAIONIEN mapHoii oOpatHoii cBs3bio, CFP,
MMeeT JIBa TPAH3UCTOPa, CBSI3aHHBIX BMECTE ITOCPEACTBOM O4eHb cuibHO# 100 %-Hoi
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MEeCTHOIT 06pPaTHO# CBS3BIO, U CO BCEH OUEBHUIHOCTHIO CYTIIECTBYET OUYEHD BBICOKAsT BEPO-
SATHOCTDb BO30Y K/IeHUs KoJiebaHuil BHYTpH 9ToM 1eru. Korga mogo6Hoe IpoucxXoauT, To
a1oT 9¢PeKT okaspiBaeTcs Bee ke HeONacHbIM (BHYTPEHHUM ) HA OTHOCUTEIBHO BBICO-
Koti (2—10 MI'm) vacToTe 1 MOXKET pacCMaTPUBATHCS KaK MPsIMast aHAJIOTHS C CUTHAJIOM
OJTHOM TIOJIIPHOCTHU TIOJIYTIEPUO/IA.

7.12.2. HeycToM4MBOCTb B 06NACTV CPeAHMX YacToT

HeycToltunBoCTh yCUAUTENS B 00JIACTH CPEHUX YACTOT (<«POKOT, MOTOPHBII Ty M» )
B OCHOBHOM $IBJIIETCS OTTOJIOCKOM TIPOIILJIOTO, TaK KaK B HACTOSIIEE BPEMs YCUTUTEN
mouTH 6e3BAPUAHTHO MTPOEKTUPYIOTCS C UCIOIB30BAHNEM CBSI3H TI0 MOCTOSTHHOM cOCTa-
BJISTIOTIEN HA BCEM MIPOTSLKEHUH TIEITH Tlepeladl CUTHAJIA U Tierr 06paTHoii csizu. Teo-
peTuYecKoil OCHOBOH /I Hee SABJISIETCS TOYHO Takas ke, 4yTo u i BY renepanun
HaiikBucra; Kor/1a Ha JAHHOM YacTOTe HAKATJIMBAETCST IOCTATOUHBIN 110 BEJIMYNHE YTOJ
caBura 110 (hase, TO BO3HUKAET TeHepaIust KosebaHuii, i COBEPIIEHHO He NMeeT 3Have-
Hust, Gynet v paBHa anHast yactota 1 Ty mmn 1 MT.

B o6uacTyt cpeiHUX 4acToT J1eJI0 OOCTOUT EIIle MPOIIe, TAK KAK BCE COOTBETCTBYIOIIIE
MOCTOSTHHbBIE BPEMEHU W3BECTHBI UJTH, TIO KpaiiHeil Mepe, MOTYT ObITh JOCTATOYHO TOUHO
YCTAHOBJIEHBI TIPEJIEJIbl NX CYNIECTBOBAHMSI HA OCHOBE /IONYCKOB, YCTAHOBJIEHHBIX Ha
3JIEKTPOJIUTUYECKUE KOH/IEHCATOPBDI, YTO MO3BOJISET PACCUUTATD IIapaMeTPhbl CXEMBI.
[Tpuembl pabOTHI TIPAKTUYECKHU € JTOOBIM KommdecTBoM HY moJitocos u HyIel ObLin
XOPOIIo 0TPabOTAHBI ellle B 9Py SJIEKTPOHHBIX JIAMII, KOT/[a OCHOBHBIM METOIOM OCY-
LIeCTBJICHUS MEXKKACKAHO CBS3U ABJIAJIACh CBS3D 110 IIePeMEeHHON cOoCTaBIIsAoNIel,
UCTIOJIb3YEMON B OCHOBHOM M3-3a CJIUIIKOM OOJIBIION PA3HUIIBI B TIOCTOSTHHOM HATIPSI-
JKEHUU Ha aHO/le OIHOTO KacKa/la U CeTOUHBIM HAIPSKEHUEM CJIE/YIOIIETO.

MasioBeposITHO, YTOGBI FeHepalnst Ha CpelHell yactore Oblia BbI3BaHa HEYIOOHBIM
3HaUYEHUEM ITOJTHOTO KOMIIJIEKCHOTO COIPOTUBICHU. JJaHHOe 1ToJI0KeHre He OTHOCHT-
ca k BY obmactu, rie eMKOCTHAsT HArPY3Ka MOJKET TIPUBE3TH K CEPHE3HBIM TIPOGIeMam
¢ coxpanenueM ycroitunsoctu. OHAKO 3Ta 1pobJieMa, 1o KpailHell Mepe, MOKeT ObITh
JIETKO PelleHa BBE/IEHUEM B CXEMY BBIXOIHOTO JIPOCCEJISL.

7.13. BbicTpOAENCTBME U CKOPOCTb HAPACTAHUS BbIXOZHOIO HanpshkeHUs
B ycunurtene HU3KoW YacToTbl

KaskeTcs coueBUIHBIM, UTO UMETHh B HATMYNW YCUIUTED, 0bJTaao il BEICOKOH CKO-
POCTBIO pabOTHI JIy4llie, 4eM UMeTh paboTaromuii MegiieHHo. OJHAKO BO3HUKAET 3aKOHO-
MEPHBIN BOIIPOC, a YTO TAKOE YCHJIUTENb ¢ BBICOKOU cKopocTbio paGorbi? IllupuHa
I10JIOCBI IIPOITYCKaHUsE 3aMKHYTOI 11eru (06paTHOM CBI31) He SBJISETCS HOJTHOEHHbIM
KPUTEPUEM; CTAHOBUTCS IIOYTH OYEBUIHBIM, YTO JII0OO0N YCUIUTENb MOIIHOCTH, B KOTO-
POM HCIOJIb3YETCsI OTPUIaTeIbHAS 0OpaTHAs CBsI3b, Oy/IeT UMETh JOCTATOYHO HIMPO-
Kylo 0a30oByl0 UYACTOTHYIO XapaKTEPUCTHKY 3aMKHYTOrO KOHTypa  IIpU
HEOIPaHNMYE€HHOCTU ]IIO6BIX 1 BCE€BO3MOKHDBIX Tp66OBaHI/Iﬁ CJIYyXOBOT'O BOCHIPUATHUA, TaKE
€CJIY IOJIHAs MM PUHA HIOJI0CHI IIPOIYCKaHUs BCell cucTeMbl OyIeT 3ajaHa Ha 6oJiee Hu3-
KOM YPOBHE TIPE/IIIECTBYIOIUMU (DUIbTPAMHU.

Bcerna BesieTcss MHOKECTBO HEOTIPEETIEHHBIX TUCKYCCUIH OTHOCUTETHHO BAKHOCTH
IIMPUHBI IOJIOCHI IPOILYCKAHUA PA3OMKHYTOM LENN YCUINTE I, Ha OOJIbLUIMHCTBE KOTO-
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PBIX JIEKUT ITPOCTO TTeYaTh HEOCBEIOMJIEHHOCTH. ABTOP KHUTH 11oKa3ai [ 16], uto yacro-
Ta (MepBoOro) JOMUHAHTHOTO ToJrfoca (0coboii Toukn) P1, koTopast onpeaessieT mmpu-
HY TOJOCHI MPOMYCKAHWSA PA30MKHYTOH I1€Id, SABJSETCS HE TOJBKO MEePeMEHHON
BEJIMYUHON, HO M JOCTATOYHO U3MEHUYUBOIL, KOTOPAst 3aBUCUT OT KoadduiimeHTa ycu-
JieHust 0 TOKy (OeTa) TpaH3WcTOpa M psifia APYTHX HEONPeIeJeHHBIX TTapaMeTPOB.
(ABTOp KHUTH TakyKe TTOKa3aJ, KaKuM 00Pa3soM MOKHO U3MEHSITh €€ B CTOPOHY (GOJIb-
ITUX 3HAYEHUI 32 CUeT yMEHbIIEeHUS KOd(hPUIIMeHTa YCUIeHUsT PAa3OMKHYTOM 1enn
ke yactotsl P1.) B To Bpems kak P1 MoxkeT m3aMeHATbCA, IEHCTBUTEIbHOE 3HAYCHUE
koadduinenta ycunenns (onyctum, Ha yactore 20 k') ssBsteTcs, K c4acThio, ropas-
110 60Jiee 3aBUCHMBIM MTAPAMETPOM, KOTOPbII YCTAHABIUBAETCS TOJBKO YACTOTOM, KPy-
TU3HOU BXOAHOIO Kackana u Benndnnoil emkoctu Cdom [17]. IMerHO 210 siBAIsIeTCS
TeM 3HAYAIUM ITapaMeTPOM TIPH OMUCAHUN BeJNIUHBI oTputiareabHoit OC, KoTopoit
00/1a1aeT yCUIUTED.

Haunbosiee BbIpasuTeIbHBIM OIpeeacHreM ckopocmu (ObICTPOIEHCTBIST) PaboThI
YCUJUTENST ABJLETCS 3HAUY€HUE MAaKCUMAJTbHOM CKOPOCTH HApAacTaHWsS BBIXOIHOTO
HanpspKeHus. MUHIMa bHOE 3HAYeHNE CKOPOCTH HAPACTAHMS BBIXO[HOTO HAIIPSI)KEH ST
yeumuredis, uMeroriero Moimmuocts 100 Bt u narpysky 8 Owm, /17151 4ncTOT0 BOCITPOU3Be-
JIEHUsT CUHYCOMIAJIbHOTO cUTHAMA Ha yacTtoTe 20 K[ paccuuThIBAETCST IOCTATOYHO JIETKO
u cocrasisiet 5,0 B/Mkc; mostomy 3uadenne 10 B/MKc npencraBisiercst BIoJIHe ajie-
KBATHBIM /I yCUauTesst ¢ MoiHocThio 400 Bt u narpyskoit 8 Om, ypoBHEM MOIITHOCTH,
KOTOPBII BBIBOINT HAC U3 c(hephl TOMAITHUX BBICOKOKAUECTBEHHBIX YCUITUTEe KiIac-
ca Hi-Fi. Tak:xe TpeGyeTcst rTapaHTUPOBAHHbIN 3a11aC, U €CJIU IPUHSITh JIJIs 9TOTO KO3 (-
¢unrenT, paBHBIN IBYM, TO JIOTHYECKU BbITEKaeT, uTo 3HaveHue 20 B/MKc okakercs
BITOJTHE IOCTATOYHBIM [IJIsT JTIOOOTO BHICOKOKAYECTBEHHOTO yenanTens. Ha camom ske
JieJie MeHee OUeBUIHBIM, HO COJUAHBIM U (DAKTHUECKH YiKe yITeHHbIM (DAKTOPOM, BIIHS -
IOIMM Ha rapaHTUPOBAHHbIIA 3a11ac, ABJgeTcs caM 1o cebe curnai ¢ yactoroit 20 kI,
TeM MaKCHUMaJIbHBIM YPOBHEM, KOTOPBI, K CYACThIO, OUEHD PE/IOK JJIsT MY3bIKQJIbHBIX
POU3BeIeHMiT; 7ist GoJiee BBICOKHMX YaCTOT aMILIUTY/IbI PE3KO CHUKAIOTCSI.

YcTosSBIIUXCS W TPUHUMAEMBIX BCEMU PEKOMEHIAIUN HAa CKOPOCTHh HapacTaHWS
BBIXOJIHOTO Hanpsikerus Het; [Turep Bakcenpann (Peter Baxandall) Boimosan uame-
PEHMS CKOPOCTU HapaCTaHUSI BBIXOIHOTO HANIPSIKEHUS OT CUTHAJIOB, BOCITPOU3BOIMMBIX
C TOPOXKKU CBesKeHape3aHHoi rpaMMObOHHOM IIJIACTUHKY, U CHeJIAT 3aKII0YeHue, 4TO
OHU MOTJTH GBITH BOCTIPOM3BEICHBI YCUTUTEIEM, HMEIOIINM TPEIETbHOE 3HAYEHIE CKO-
POCTH HapacTaHus, COOTBETCTBYIONUM MAKCUMAJIbHOMY BBIXOJTHOMY CUTHAJTY HA 4aCTO-
te 2,2 kI'n. [l yemmarenst ¢ moriaoctsio 100 Bt aTo cooTBeTCTBYET Besrmumie CKOPOCTH
HapacTanust Boixoguoro curaaia 0,55 B/mkce [18].

Henscon Iacce (Nelson Pass) mipoBest aHaIOTHYHbBIE U3MEPEHSI, UCIIOJIb3YST MATHUTO-
AJIEKTPUYECKUI KAPTPUJIK C TIOJIBUKHBIM MarHIUTOM, Y TIPUBEJ He SIBJISIONIeeCsT YeM-TO
WCKJTIOUUTENbHBIM MaKCUMaJIbHOE 3HaUE€HE CKOPOCTU HapacTaHus, paBaoe 1 B/Mkc
quist mortrocTu 100 Br. Micriosib3oBanue ske KapTpurKa ¢ IOJABUKHOM KaTyIIKOM YBOW-
JIO 9TO 3HAYEHME, TPUBEJIS K BEIYIHE CKOPOCTH HapacTanus 2 B /Mkc, mocate vero Ilace
3akIoun [19], 4ro aGCOMFOTHBII MAKCUMYM CKOPOCTH, BO3MOKHBIN TPH KOMOUHAIIUT
HETIOCPEJICTBEHHO «HAPE3AHHBIX TIACTHHOK» U KAPTPUKA C MOJBUKHON KaTYIIKO,
cocTasJisiyi Besimuuny 5 B/MKc ipu (HoMuHAIBHOI ) MotitHocTH yeuuTesst 100 Bt. 9to
3HaUEHNE HAXOAUTCS 3HAUUTETHHO HIKE TIOJMYYEHHOTO TEOPETUYECKH TPUHSTOTO 3HA-
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yenus, pasuoro 20 B/mxkc; mocae vero [lacce cpenan 3akimovyenne, 4To ecym jaxe mpu-
HSATD JIJIS1 3al1aca Helpasono100Hoe 110 BeryunHe otHowenue 10:1, Bemynna ckopocTu
napacranus 50 B/Mxc Gblaa 6b1 caMoii 60JIbIION BEINYNHON, KOTOpasi MOrJia Obl II0HA-
HOGUTHCS OT yeuauTesst ¢ MotiHocTbio 100 Br.

O/HaKO B peasibHOM JKU3HU TIPUXOANTCS BCET/IA YIUTHIBATH BO3MOXKHOE JKyJTbHIYE-
CTBO; IIPH IIPOYUX PABHBIX YCIOBUAX 00JIee OBICTPBIN YCUIUTENb OKAKETC 60JIee KOH-
KYyPEHTHO-CIIocOOHBIM. B kauecTBe pruMepa TakoBOrO MOKHO IPUBECTH (haKT, UTO, KaK
HEJABHO OBLIO 3asIBJIEHO B TIPECCE, TOCBSIIEHHON BRICOKOKAYeCTBEHHOMY 060py10Ba-
Huio kiaacca Hi-Fi, y o[HOro 0co6eHHOro yCumTesist, paCCYMTaHHOrO Ha MOIHOCTH 50 -
Bt u narpysky 8 OwM, B pe3ysibTaTe MOJEPHU3AINN CKOPOCTh HAPACTAHUS BBIXOHOTO
curHasia Obita yBeanuena ¢ 20 B/Mke g0 sHavenust 40 B/mrce [20], uto, coBepiiieHHO
0YEBUIHO, JOJKHO OBLIO BHI3BATH IIOJIOKUTEIbHYIO PEAKIIIO Y IOTEHIIMAIbHBIX IIOKY -
narejeit. OTa craThs OblIa UCKJIIOUYUTENBHON, TaK Kak st 0030pOB, MOCBIIIEHHBIX
BBICOKOKaueCcTBeHHON TexHmKe Kiaacca Hi-Fi, He cBoiicTBeHHO BKIIOYATh TaKOMW Tapa-
MeTp M3MepPeHUil, KaK CKOPOCTh HapacTaHWsT BBIXOAHOTO curHasa. CienoBaTenbHO,
OUY€eHb TPY/IHO TIOHSTH COBPEMEHHOE TTOJIOKEHNE JIeJI, O/THAKO, HAKOILJICHHBIE 32 MHOTO
JIET U TIPOTIYIIEHHbIE Yepe3 MEIKYIO CeTh JJaHHbIE MOKA3aJH, YTO 00PAsI(bl C CAMBIMHU
BBICOKMMMY TEXHUYECKUMHU XapaKTePUCTUKAMU OOBIYHO UMEIOT [I0KAa3aTeIb CKOPOCTU
Hapacranus 50 B/MKc — 3HaYeHUSA CKOPOCTH HapaCTaHKs BBIXOAHOTO CUTHA/IA OOBIYHO
[IPUBOASITCS B OKPYIJICHHBIX 3HAUEHUSIX. BBIIO BCe jKe OJIHO OTIeJbHOEe COODIeHIEe
o ckopoctu Hapactanus B 200 B/MKc, oiHako, aBTOP KHUTH JIOJIZKEH TTPU3HATH, YTO OH
BCE JK€ CUJIbHO COMHEBAETCS B PEAIbHOCTU ATOH 1TU(PHI.

Yeumurenps kiaacca B, uzo6paxkeHHbIi Ha puc. 7.5, 6bl yiKe orvicad B [nase 6; st
DJIEMEHTOB CXeMbI OblJIa COXpaHeHa IIPEsKHsI crcTeMa 0003HaYeHNI U HyMepaluu. JTa
HCXO[Has cxeMa o0JsazaeT OOJIBIIUM KOJUYECTBOM IIPEUMYIIECTB, XOTS U3HAYAIbHO
MPUCYIIE CXeMe XOPOIThe XapaKTEePUCTUKUA 10 CKOPOCTU HAapaCTaHUS BBIXOTHOTO
HAIIPSKEHHU He SBJAIOTCS OQHUME U3 CaMbIX HEOOXOQMMBIX; TEM HE MEHEe Ta cXeMa
COCTaBJIeT HOAABJIsgoNIee OOJIBIIMHCTBO CXEM YCUIIUTEIEH 1 MOKET OBITh TCII0JIb30Ba-
Ha B KauecTBe HAYAJIbHON TOUYKHU JIJIS TIOCTIELYoNero aHamn3a. Kak y:ke MHOTOPEYUBO
yKa3bIBaJ aBTOP JAHHON KHUTH, PacYeTHOE 3HaUeHe CKOPOCTH HAPACTAHUST BBIXOIHO-
TO HATIPSIXKEHNS JI715T IAaHHON cXxeMbl cocTaBiisieT 40 B/Mke, 4To B cuity BhITIienTprBeieH-
HBIX apryMEHTOB MOKHO TIPHU3HATHh (oJjiee YeM J0CTaTOYHbIM 3HaueHueMm. OHAKO,
cJIelyeT Ha MUHYTKY [IPUHSTH, YTO HEOOXOAUMO OCYILIECTBUTh 3HAYUTEIbHOE Y/IydIlie-
HUe JAHHOTO MapaMeTpa, YTOOBI YCIENTHO KOHKYPUPOBATh ¢ IPOAYKIMEN APYroil KoM-
MaHWW, TAaK)Ke BBITYyCKAONEH YCUIUTENN W PACIONIOKEHHON 4yTh HUXKE TI0 YITHIIE,
a TakyKe [IPOaHAIM3MPOBATh BOSMOKHBIE ITyTH IOCTUKEHUS 000HOr0 pedyJibraTa. Kak
1 BO MHOTUX CJIyYasiX Hallleil oObIIeHHON KU3HU, Ha TIPAKTUKE PeabHble JeJla OKasbl-
BAIOTCSl 3HAYUTEJILHO CJIOJKHEE, YeM ITO IIPE/III0JIarajJoCch BHaYAJE,

7.13.1. OcHOBHble orpaHM4YeHu1s Ha CKOPOCTb HapacTaHUs BbIXOAHOr0 HanpsXeHus
ycunutens

[Tpu caMOM ITPOCTOM aHAIM3E CKOPOCTh HAPACTAHMSI BBIXOHOTO CUTHA/IA B OOBIYHOM
yCHUINTENe, UMEIOTIEM CXeMY, TTOI00HYI0 W300pakeHHOH Ha puC. 7.5, 3aBUCUT OT
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COOTHOIIEHHUSI TOKOB, IOCTYIIAIOIIUX U BhIXOAAIIMX 13 KotgencaTtopa Cdom (C3), Beipa-
JKEHHBIX COOTBETCTBYIOIIIM BBIPAsKEHIIEM:

Cxopoctb Hapactanug = I/Cdom, B/Mxc, (YpaBuenue 7.1),

B KOTOPOM TOK | BeIpaskeH B MUKpoamIiepax, a eMKOCTh B THKO(hapaiax.

MaxkcumanbpHoe 3HaYeHMe YaCTOThI I BBIXOJHOTO curHasa (Hacroray,e.) npu
3a/IaHHBIX 3HAYEHUSX CKOPOCTU HAPACTAHUS BBIXOJIHOTO HANPSIKEHUS W HATIPSIKEHMS
CUTHAJIA BBIPAsKAIOTCS:

Hactotay,e = SR/ m* V) = SR/A2 - 1+ N2+ Vi), (Ypasuenue 7.2)

Hanpumep, npu 3HayeHnN CKOPOCTHU HapacTanus BbixoaHoro curuamia 20 B/ mke 3na-
YeHIe MaKCUMAaIbHO YaCTOThI CUTHAJIA, IPU KOTOPOM MOKET OBbITh IIOAEP/KaHO 3HaYe-
HUe HanpspkeHns 35 B cpemHekBagpaTueckoro sHaueHusI, cocTasiseT 64 kI, a econ
BesmunHa emkoct Cdom coctasisier 100 nd, To BXoaHON Kackaj 10JKeH ObITh B
COCTOSTHMU KaK TOTPeOJIsATh, TaK M OTAaBaTh TOK BEJTMUYMHON 2 MA aMITJIUTYIHOTO 3Ha-
yeHus. VI Ha060POT, NIPU CUTHAJE CUHYCOMAAILHON (hOPMbI, UMEIOIEM TaKylo Ke
aMIINTY/Ly U YaCTOTY, MAKCUMATbHOE 3HAUeHNe CKOPOCTH HAPACTAHUS BBIXOHOTO CUT-
Hasa SR (B TOuKe mepexo/ia uepes3 HyJeBoe 3HaueHue) OyIeT COCTABIISTh:

SR(cunyconn) = dV/dt = @ ¢ Vpk=2-m: freq Vpk (YpasHenue 7.3).

Jlst cxembl, n300paskeHHON Ha PUC. 7.5, MPUBEAEHHOE BBIPAKEHUE [IJIsI CKOPOCTH
HapacTaHUsl BBIXOJHOTO HanpsikeHust obectieunBaet coorrorerne 4000/100, nmm 3Ha-
YeHVe CKOPOCTH HapacTaHus cocrasisieT npumepto 40 B/Mke, kak 1 ObLIO yKa3aHO
paHee, [IPU YCIOBUMU, YTO MBI TIPUMeEM (KaK 9TO OOBIYHO JIEJIAETCS BO BCEX CIIPABOYHU-
Kax), YTO e[UHCTBEHHBIM OIPAHUYMBAIONIUM BEJUYUHY TOKA (PAKTOPOM SIBJISIETCS
tail-sourse BxoaHoii maps! (uddepenimansioro yeunutess ). Ecim B atoit muddepen-
[UAJILHOI MTape KOJIEKTOPHAST HArPY3Ka BBITIOJHEHA B BHU/IE CXEMbI CTAOUIM3AIUN TOKA
paspsza (TOKOBOTO 3epKaJia), a TaKKe CyIIeCTBYIOT HACTOSTEIbHbIE TPIYNHBI /IJIST TOTO,
4TOOBI 3TO GBIJIO IMEHHO TAK, TO TIPAKTUYECKU OHA00UTCS BeCh tail-current (ToK 1eru
nuTanus AuddepeHnnaabHOro yeuauTens) s sapsga kougencaropa Cdom. Bee
KasKeTCsl 0YeHb MTPOCTBIM: JIJIST TOTO YTOOBI YBEJMUUTh CKOPOCTh HAPACTAHMS BHIXOIHO-
O HANPSIKEHMsST HAJ[0 TPOCTO yBennuuTh tail-current. OxHako, ... tail-current He siBiisi-
eTcsl eINHCTBEHHBIM OTPAHUYMBAIOINM (DAKTOPOM IS TOKA HapacTaHusd,
npotrekaoniero B kongencarope Cdom. (9ra nmpobiema Takke Oblia 3aTpoHyTa B pabo-
te Ceyina {Sell} [21].) Ha puc. 7.40 uzobpaskeH IyTh IPOTEKAHUS TOKA JJIsI CIydast II0JI0-
JKUTEJIBHOTO (YBEJUUNBAIOTIETOCS ) U OTPUIIATETbHOTO (yMeHbIammnerocs) Gponra
U3MeHEeHUs TOKA; ¥, KAK CPa3y BUIHO IIPU PACCMOTPEHUU CXEMBbI, TOK TP TIOJIOKUTETb-
HOM (DpOHTE MOKET OBITh OOECTIEUEH TOIBKO 32 CUET HArPy3KH HCTOUHMKA TOKA KacKa-
JIa YCUJIUTEJTST HATPSTKEHUsE. ITO OYIET YMEHBIIATH MAKCUMAJIBHYIO MTOJOKUTETbHYIO
CKOPOCTB, TIPUBOJIST K ACUMMETPUU 3aBUCUMOCTH CKOPOCTH HapaCTaHUsI BBIXOIHOTO
HATPSUKEHUST, €CIM UCTOYHUK TOKA KAacKaja YCHJIUTENsl HalpsuKeHust OyaeT He B
COCTOSTHUHM 0GEeCeYrnTh TAKO! JKe 110 BeJIMYKHe TOK, uTo u tail source. B nmporusono-
JIOKHOCTH 3TOMY TIPW OTpHUIIaTeTbHOM (ppoHTe Tparsnuctop TR4 MoKeT BRIOINTHCS U
00ecreynTh TAKOH 110 BEJIMYMHE TOK, KOTOPBIH HEOOXOANUM JIJIsI 3apsiia KOHJIEHCaTopa
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Puc. 7.40a. lNyTb npoTekaHus TOKA NpU NONOXMUTENLHOM GpPOHTE Hapa-
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npeaensbHOM cy4ae ckopoctu Hapactanus. Tpanasuctop TR2 HaxoguTcs
B HOCILLEHUM M CXEMA KTOKOBOTO 3epKanay» oTkoYeHa
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Cdom, mpui aTOM KOJUTEKTOPHAS HATPY3Ka KACKajla YCUINTENST HATPSKEHUST He 3afeti-
CTBOBaHA.

B 6ompimimeTBe pa3paboTok BeamdrHa (CITOCOGHOCTD ) NCTOYHIKA TOKA KacKaja yCu-
JIUTEJIA HaIIPAXKEHWA HE ABJIACTCA IIPEIMETOM paSHOFJIaCI/IfI, TaK KaK KaCKa/l yCUJInTe-
JIST HATIPSTKEH WS TOTPebIsteT GOBIMHH M0 BeJIMYUHE TOK TI0 CPABHEHHIO C BXOIHBIM
KaCKaJ/IOM C TeM, YTOOBI TapaHTUPOBATH HOCTAaTOYHbIH pull-up (Harpy304HbIil) TOK JJIsT
BepXHeil TI0JIOBUHBI BBIXOJHOTO KaCKa/a; OTHAKO, MOXKET CJIYUYUTHCS TaK, 4YTO 3TO BCe
etrte GyZIeT TPOIOIKATH BLI3BIBATH MPOOJIEMBI ¢ MCTOYHUKOM JIJIsT KACKAIA YCHIUTEST
HaIIPSKEHU.

7.13.2. O6GopypnoBaHue AJisi U3MepeHnsi CKOPOCTU HapacTaHUS BbIXOZHOIO HanpsHKeHUs

[TpsiMble n3MepeHst KPYTU3HBI (DPOHTOB BHICOKOUACTOTHBIX CUTHAJIOB TIPSIMOYTOJIBHOM
(opmbl Ha aKpane ociuIorpada He ABJISETCS OYeHb IIPOCTOl 3anadeii, a 6e3 HCII0JIb-
30BaHMs TeHepaTopa Pa3BEPTKU C 3a/IeP;KKOI OHA CTAHOBHUTCS MIPOCTO HEBBITIOJTHUMOIA.
T'opaso 6osiee IpocTbIM (1 IIPK 3TOM GOJIeE TOUHBIM ) METOAOM SBJISICTCS IIPOITYCKaHUe
BBIXOZHOIO CHIHAJIa YCUJIUTENIS Yepes ClelualbHO Mogo6paHHyio guddepeHupyo-
Iy I[elTb; CKOPOCTh HapacTaHWs BBIXOJHOTO CUTHAJIA B 9TOM cjrydae Oy[eT MpeicTa-
BJIEHA B BUJIE aMILJIUTY/IbI, KOTOPYIO TOPA3/I0 TIPOIIle CYUTHIBATH C KOOPIMHATHON CETKU
skpaHa. Cxema, mpejicTaBieHHast Ha puc. 7.41, MO3BOJISIET TIOTYYUTh OY€Hb YA0OHOE JJIsk
UCCJIeIOBAHUI BBIXO/[HOE HaTIpsixKeHne, Kaxk/ipie 100 MB koTOporo cooTBeTCTBYIOT 3HA-
yennio B 1 B/MKc ckopocT HapacTaHUsI BBIXOHOTO HATIPSIXKEHUS; TTOCTOSTHHAST BpEMe-
Hu RC poskHa ObITb OYeHb Majoil JJIsi JOCTHIKEHUS IPUEMJIEMON TOYHOCTH.
Juddepenimpyiomas 1eib BO30YKAA€TCS HEIOCPEACTBEHHO YCHIUTEIEM, IPUYEM,
00s13aTesIBHO 63 NCTIOIBb30BAHUST BBIXOAHOTO Apoccesist. Cieyer o6paTiuTh BHUMAHHE,
4TO 9Ta LEIb JOJLKHA MOAKIIOUAThCS K ocuuitorpady coorBeTcTByomuM *10 npobuu-
KOM; EMKOCTb IIJIOCKOTO 9KDAaHUPOBAHHOIO KaOeJIst IIPUBOMT K CYIECTBEHHOMY 3aHIKe-
HUIO noKasauuii. [Ipu mogo6HbIX N3MEPEHUSAX TPUXOAUTCS UMETh JIeJI0 ¢ UMITYJIbCHON
TEXHUKOU, OTHOCSIIIENCS K HAHOCEKYHAHOMY (JI0JTM MUKPOCEKYH/T) INATIA30HY, TO9TOMY
BCET/IA CJIe/IyeT UMETD B BU/LY, UTO NCKAKEHMS (POPMBI CUTHAJIA, TAKWE, HATPUMED, KaK «-
3BOH», C PABHOI BEPOSITHOCTBIO MOTYT ObITh PE3yJIbTATOM KaK UCIIOJIb30BAHUS COEIUHI-
TEJIbHBIX KabeJIeil TPy TeCTUPOBAHUM, TAK M CAMOTO YCUJTUTEJIS.

Wcnosb3oBanue curnasia npsmMoyroibHoii (hopMbl ¢ KPYThIMU (PPOHTAMU [IPU UCCJIe-
JOBaHUU YCUJIATEIS ellle He FapaHTUPYeT, 4TO TOCeAHUI OyeT 1eMOHCTPUPOBATh Ipe-
JleJIbHOe 3HaYeHne CKOPOCTU HapacTaHusl BbIXOJHOrO curnasa. Eciiu reHepupoBaHHOe
TaKUM 0Opa30M HAIPSKEHNUE PACCOTIACOBAHMUS He OKAKETCsl JJOCTATOUHBIM JIJIs1 HAChI-
IIEHMS BXOIHOTO KAaCKa/[a, TO BBIXOJHO CUTHAJ OyeT UMeTh (hOPMY KCIIOHEHIIHAb-
HOW 3aBUCUMOCTH, C OTCyTCTBUEM HenuneitHoro sddexra. [lpu Bbinosnennn
GOJIBIIIHCTBA TECTOB, OIIMCAHHBIX B IAHHOU KHUTE, YCUJIMTEb J0JIKEH ObLI HarpysKaTh-
Cs1 O4€Hb CUIIbHO, YTOOBI OBITH YBEPEHHBIM, YTO OBLIN MOJYYEHbI AeiCTBUTEIbHbIE 3HA-
YeHUsT CKOPOCTH HAPACTAHUST; 9TO TPOUCXO/IUT M3-32 CUIIBHOTO BBIPOJK/IEHUST, KOTOPOE
CHWKAET KPYTU3HY XapaKTePUCTUKU BXOJHOM Tapbl. BeIposkieHne yBeTmunBaeT HaIpsi-
JKeHMe PacCOrIacoBatmsl, HeoOX0AUMOE JIJIsl HACBIILEHUSI, HO HE BJIUSAET HEOCPEICTBEH-
HO Ha Ipe/ie/IbHOe 3HaUYeHe CKOPOCTH HapacTaHMUSI.
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10:1 npobHmK
o | < [—— — «3emna» npobHka
100 Om
o s KoakcuanbHbiii Kg}ﬁenb
K ocumnnor]
o ocuunsorpagy

Puc. 7.41. Cxema oueHb NpocToro (HO NpM 3TOM BECbMA MOJE3HOTO)
anddeperumaropa. Buibop Toukn nokansHoro 3azemnexus npobHuka
OYeHb CyLLECTBEHEH, YTOBbI TOYHOCTb M3MEPEHMI NPEBLILIANA 3HAYEHUE
£10 %.

ITpoBesieHIe TECTUPOBAHUS CXEMbI, H300PaKEHHON Ha prc. 7.5 U UMeIIei Harpys3-
Ky 8 OM, co Bceil 0ueBUIHOCTBIO MTPOSIBUJIO HEAZIEKBATHOCTD YIIPOIleHHO Teopuit. J{nd-
(epeHIIMATOP BBISBUJI ACUMMETPUYHOCTH CKOPOCTM HapacTaHUs BBIXOIHOTO
Hanpspkenus: +21 B/mke ipu Hapactanuu u —48 B/MKc 1py yMeHbIIEHUN CUTHATA,
PE3YJIbTAT, KOTOPBIIT SIBISIETCST KaK HECOBIBITUMCST OKMIAHIEM C OJTHON CTOPOHBI, TaK 1
CTaBSAIIUM B TYNHUK C IPYTOl, MPUHUMAs BO BHUMaHUE, UTO TIPOCTAas TEOPUS TTPE/ICKA3bI-
Basta 3navenue nopsizka 40 B/vrce. [Tomyuenne pesysbrata, KOTOPBIN XysKe TIpe/cKa-
3aHHOTO Teopueil, 9TO Yate BCeTo OOBIYHBIN YIea MHKeHePa, TOTAa KaK MOTydeHne
pe3yJIbTaTa, IPEBBIIIAIONIET0 TEOPETUYECKOE 3HAYEHUE, — ITO BCET/Ia OCHOBAHUE [T
CaMBIX CEPbE3HBIX TIOI03PEHNUT.

7.13.3. Yny4ylueHne cKOpoCTU HapacTaHUs BbIXOAHOro HanpsXxeHus

Ecnu erite pa3 BHUMATENBHO TIOCMOTPETH Ha CXEMY, TPUBENEHHYIO HA PUC. 7.5, TO MOKHO
C/IeJIaTh BBIBOJI, YTO BEJTMYMHA TOKA, OT/IABAEMOTO NCTOYHUKOM TOKA KaCKaja yCUJICHMS
HATIPSUKEHUSI, SIBJISIETCSL, CKOPEe BCETO, yiKe OOJIbIIe, ueM TpedyeTcst 1Jist 00eCedeH st
ToKa, HeoOxoaumoro st 3apsga Cdom, Korza BXOAHOI KacKa akTUBHO OTpebisieT
TOK, IO9TOMY aBTOP B GJIATOBUIHON MOMBITKE YJIYUIIATH MAPAMETP CKOPOCTH HapacTa-
HUSI CAMOHAJIESTHHO YMEHDBIITNJI BEJIMYUHY CONTPOTUBJIEHUST pearctopa R4 10 3HaueHms
100 O™ (uTOGBI corytacoBath ¢ comnpoTuBaeHreM pesucrtopa R13). C Gosbiinm pasoua-
poBaHueM UM ObLIO YCTaHOBJIEHO, YTO HOBbIE 3HAYEHUST CKOPOCTU HAPACTAHM BBIXO-
HOTO HampsiKeHUs coctaBuan +21 B/Mke n —62 B /MKc; oTpuiiaresibHOE 3HaYEHNE BCE
ellle MMPO/I0JIKAJIO TIPEBBINIATH HOBOE TeopeTndeckoe 3navyenue, pasuoe 60 B/mkc. Tak
4TO K€ OKA3aI0Ch HEBEPHBIM Ha 9TOT pa3? YecTHOCTh 003bIBaeT MCII0Ib30BaTh B PEKJa-
MHBIX II€JISIX MeHbIIlee 3HaueHue (He Tak Jin?), T09TOMY TIePBOOUYEPEHO 3a/1aueii cTa-
HOBUTCSI BBISICHEHHE TIPUYHH, TIOYEMY TTOJIOKUTENbHOE 3HAUEHHE CKOPOCTH HAPACTAHMS
CUTHAJIA 0KA3aJI0Ch CTOJIb HE3HAYNTETBHBIM.

Ha miepBblIii B3/ KaskeTCs MaJIOBEPOSTHBIM, YTO BUHOBHBIM SIBJISIETCS UCTOUHUK
TOKA KAaCKa/la YCUJIUTENIST HAIIPSIKEHUST, TAK KaK MMPU PaBHBIX 3HAYEHUSIX COTIPOTHUBIIE-
HUll pe3rctopoB R4 u R13 ucTouHuk 6B OBl B COCTOSHUN MTUTATH BXOIHOM KacKaj
TaKUM 110 BeJIMYMHE TOKOM, KOTOPBIil OH ObLIT OBl B cOCTOSHIK TOTPedIaTh. OnHaKO,
MOJKHO Ha MPaKTUKE TIPOBEPHUTH ITO 3aBETHOE YOEKICHUE MyTeM YBEIUUEHMS TOKA,
OT/IaBaeMOTO MCTOYHUKOM TOKA KacKaja YCUJINTENST HAMPSKEHNsI, OCTaBUB TIPU 3TOM
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Ui tail-current ero npeskHee sHauerye. Bbiio yetaHOBIIEHO, YTO IIPH BEJIMYUHAX COIIPO-
tusnennit R4 = 150 Om u R13 = 68 Om 3HaueHNsI CKOPOCTH HapaCTaHMsT COCTABJISIOT
+23 B/Mrc u —48 B/MKC 1 4TO HEOOJIBINOE, HO BIIOJHE OIMPEIEIEHHOE YBEIUIEHUE
MTOJIOKUTETLHOTO 3HAYEHHUS SICHO TIOKAa3bIBAET, YTO B UCTOYHUKE TOKA KaCKa/la yCUITUTe-
JISl HAMTPSTKEHWST TTPOUCXOIUT YTO-TO HE COBCEM OYEBHUIHOE.

(DTOT IPSAMO# METO/T YBEJMYEHUsI CKOPOCTH HAPACTAHUS 32 CUET YBEJUYEHHSI TOKOB
MTOKOST O3HAYAET 3HAYNTEIBHOE YBEJINUEHE MOITHOCTHU PACCESTHUS JIJIs KACKa/la Y CHIIN-
TeJIST HAMIPSIKEHUST U er0 UICTOYHUKA ToKa. [I[pu 9TOM BO3HUKAET OMTaCHOCTH ITPEBBICUTD
JIOTTyCTUMBbIe 3HaUeHUsT 7151 Kopiryca Thia TO92, 4To BEIZOBET JIOTMOJTHUTETHHBIE PACXO-
b1, ITpobuieMa MeHee sIPKO BhIPasKeHa BO BXOIHOM KacKa/le, Tak KaK PaccerBaeMast MOIIl-
HOCTb pacIpefieisieTcs, 1o KpaiiHeil Mepe, 1o TpeM Ipubopam. )

7.13.4. MopenupoBaHue npoLiecca HapacTaHUs BbIXOAHOr0 HanpsXeHus

Korza cxema cTaHOBUTCSI HEYIIPaBJisieMO# (B OPUTHHAJIE - JKECTKOI, CBUPEIION ), HACTY-
IaeT BpeMs yIIPoIleHui 1 Mojeanposanms. Cxema Oblia yIpoleHa 1 cBeJeHa K Mojie-
JIM YCUJINTEJNS TyTeM 3aMeHBbI BBIXOJHOTO Kackaja KJjacca B Ha MaJoCHTHATHHBIN
SMUTTEPHBIN IOBTOPUTEJIb KJIacca A; Bce 9TO ObLIO 3aTeM IIOIBEPTHYTO, B HEKOTOPOI cTe-
TTeHN JIasKe JKeCTOKO, MOIEJTMPOBAHMIO ¢ nctoab3oBanueM mporpammbl PSPICE, kotopoe
MO3BOJISIET BBIABUTL BJIUSHWE PA3JMYHBIX MEXaHWU3MOB, ONUCAHHBIX BBIIIE.

Ha puc. 7.42 niokaszaHo NOJIOKUTENbHOE HAPACTAHUE BBIXOHOTO HANPSIKEHUS JIJIsI
ATON MOJIEJIN YCUITUTEIS, KAK JIUIS IEHCTBUTEHHOTO BBIXOIHOTO HAIIPSIXKEHNS, TaK 1 JIJIsT
€r0 IIPOU3BOAHOM, OCAeAHAS A1 yaoOCTBa mpoMaciTabupoBata ¢ UCIIOIb30BaHIEM
nesnenust Ha koadduimert 106, B CUIy 4ero oHa MOKET OTCUUTHIBATHCS HETIOCPEICTBEH-

SMALAMP3.CIR Whole small-sig amp with mirror, EF-VHS v source
Date/Time run: 01/03/94 18:42:00 Temperature: 25,0
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Puc. 7.42. Pe3ynsTat MOAENMPOBAHMS CKOPOCTU M3MEHEHUS BLIXOJHOTO
HANPSXeHMUs B yCUIUTENe NpU NONOXUTENbHOM (HapacTaioweM) curHa-
ne. Ha HWUXHeMN 3aBUCMMOCTM NPEACTABNEHO YBENNYEHHUE BLIXOAHOTO CHT-
Hana ycunutens ot —30 go +30 B, Toraa kak BepxHMe 3QBUCMMOCTM
npeacTaBnsoT MaclwTabuposaHHoe anddepeHuMposaHme
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SMALAMP3.CIR Whole small-sig amp with mirror, EF-VHS v source
Date/Time run: 01/03/94 18:42:00 Temperature: 25,0
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Puc. 7.43. Pesynbtar MOAENMPOBAHMS CKOPOCTH M3MEHEHMS BLIXOAHOTO
HAMPSXEHMs! B YCUNMTENE NPU OTPULATENBHOM (cnoaatoLuem dpoHTe) curHa-
ne. YsenuueHne 3HQYEHWs NPERenbHON CKOPOCTU M3MEHEHUS MPUBOAMT K
TOMY, 4TO 60ﬂbLUOﬂ 4ACTb NEPEXOAHOro BbIXOAHOIO HAMPSAXEHUs CTPEMUTCA
NOAYUHSTLCS SKCTIOHEHLMANBHOMY 30KOHY, TOTAA KAK BXOAHAS NAPA MEHbLUEE
BPEMS HOXOAMTCA B PeXMMe HackieHus. Takum obpasom, Ha anddepeH-
LManbHOM 3aBUCUMOCTM HabnopaeTcs 6onee KOPOTKMI MNOCKMM YHOCTOK

HO B 3HAYEHUSX «B/MKC» 7715 TOTO Ke camoro rpaduka. Ha puc. 7.43 mokasansr aHaJIo-
TUYHBIE TAPAMETPBI, HO TOJBKO JIJIT OTPUIIATETHHOTO U3MEHEHUS CKOPOCTH HapaCTaHWs
(cnaza BeIXOMHOTO Hanpsikenus ). Ha rpadukax mpezcraBieHbl pe3yIbTaThl BAUSHUS
MOCJICIOBATETLHOTO UBMEHEHWS COPOTUBRJICHUH pe3ncTopoB R4, R23, koTopsie 3amator
3HAYEeHUsT TOKOB ITOKOS.

HeobxoaumMo ciesaTh HECKOJIBKO 3aMeYaHUN OTHOCHUTEJNBHO TAHHBIX TPAapUKOB:
IIPeXK/ie BCETO, 3aBUCHMOCTHU CKOPOCTU HAPACTAHUS, TOKA3AHHbIE I/ HAUMEHbIIUX 3Ha-
yeHuii conpoTuBaeHnil R4, R23, He MOryT OBITH [IOJIy4€eHbI B PEaIbHOI CXeMe yCUIIUTE-
JIST C BBIXOJIHBIM KQCKaJIOM 110 TIPHUYHHE, KOTopast Oy/ieT mosicHeHa mosske. Heobxoanmo
06paTUTh BHUMAHUE, YTO TIOYTH HE3aMETHBIE KOJIeOaHVIst B BETUYIHE BBIXOHOTO HATIPS-
JKEHUST TIPUBOJISAT K 3HAYMTEIbHBIM BEIOPOCAM Ha 3aBUCUMOCTH CKOPOCTH HapacTaHMs,
IPUYEM KAKETCs MAJOBEPOATHBIM, YTOOBI OHU OBLIN BOCIPOU3BEIEHBI TOYHO, €CJIH
TOJIBKO HE YUYUTHIBATD MTAPA3UTHBIE CUTHAJIBI B cxeMe. J1JIst oy yenust 1efiCTBUTETbHBIX
3HAUEHMI CKOPOCTH HAPACTAHUSI BEIXOJHOTO HAMPSIKEHUST HEOOXOUMO UCIIOIb30BATh
IJIOCKUM ydacToK Ha [uddepeHnnanbHoil KPUBOIL.

C uCIo/ib30BaHIEM JIAHHOTO MeTOIa OBLIN TIOTyYEHBI TIEPBbIE JJaHHBIE OTHOCUTE b=
HO aCUMMETPHUH 3aBUCUMOCTH CKOPOCTH HAPACTAHWs CUTHA/A. B 061acTi 3ByKOBBIX
YaCTOT UCTOYHUK IMOCTOSTHHOTO TOKA 0GeCIeynBaeT J0CTATOYHO HEU3MEHHBIN 10 BEJIH-
YUHE TOK, U 9TO CTABUT KOHEI[ 0OCYKAEHUIO, CBOJSA €T0 K OOBIUHOMY BBIOOPY KOJIIEK-
TOPHOW HArpy3KM KacKala YCUJINTEJs HANPSUKEHUs; B Pe3yJbTaTe KOJJIEKTOP
MTOIBEPIKEH BO3/IEHCTBUIO MOJHOTO padMaxa (BOMHOTO aMIIUTYHOTO 3HAUYEHUS )
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Puc. 7.44. Opun 13 poBopos, noyemy Npocras Teopus He pabotaer.
KpyTo# nonoxutensHbii GpoHT Ha konnektope Tpavaucropa TR6 mcrou-
HUKGO KACKAAQ YCUIMTENS HANPSKEHMS M3-30 CBS3U NO COBCTBEHHOM EMKO-
cT1 (konnekTopHo-6asosoro nepexopa) Cbc npusoaut k MOMeHTaANBHOMY
YMEHBLUEHMIO TOKA NOKOS

BBIXO/THOTO HATTPSKEHUST M MAKCUMATBHOTO 3HAYEHUST CKOPOCTH HAPACTAHUST BHIXOTHO-
ro HanpskeHus. Korja curHan B ycuiuTesie usMeHsiercs: ObICTPO, MMeeT MeCTO Tapa-
3UTHOE IPOXOKAEHIE [IaPa3UTHOIO CUIHAJIA ¢ KoJUIeKTopa Ha 6asy (puc. 7.44) yepes
KOJLJIEKTOPHO-0a30BYI0 eMKOCTb. Eciin HanpskeHe 6a3bl TOYHO He 3aUKCHPOBAHO, TO
OBICTPOE HapacTaHe MOJIOKUTETBHOTO (DPOHTA 3aCTaBJISIET BO3PACTATH HAIPSKEHUE Ha
(ase, yMeHbIIIas SMUTTEPHOE HALIPSIKEHNE U, CIeA0BATe/IbHO, BBIXOAHOI TOK. 11 Hao6o-
POT, JIJIsl OTPUIIATETTHHOTO (PPOHTA BBIXOIHOM CUTHAJ UCTOYHUKA TOKA HECKOJIBKO BO3Pa-
craet; cM, Hatpumep, pabory dpau (Erdi) [22]. [pyrumu ciioBamMu, MOJOKUTETbHBIT
(bpoHT cam 110 cebe yMeHbIIAeT TOK, HEOOXOAUMBIIA VIS €r0 HOALEPAKAHUSL.

OGHapy:KUB 9TO HESIBHOE TIPEIISITCTBE, CPA3Y JKe HAUMHAEIITh 00paIliaTh BHUMaHUE Ha
MTOIO3PUTENBHYIO POJIb Pa3BsidbiBaioliero pesrcropa R23. MojenupoBanue moaTBED-
JIAJIO, UTO €T0 MPUCYTCTBUE yXyanraeT adeKT mapasuTHOM CBSI3U 32 CUET yBEJTMUEHUS
MTOJTHOTO KOMILJIEKCHOTO COTIPOTHBJIEHHUS IS OTIOPHOTO HATIPSIKEHMS, TOIAaBAEMOTO Ha
6asy Tpansucropa TR5. Kak 06bruH0, Ha TpaHsuctop TR1 obmuiei ey ncToyHnKa muTa-
Hus (tail-source) BXOHOTO KacKa/[a MOAeTCst TOYHO TAKOE JKe HATIPSIKEHUE CMEIEHs,
4TO U HanpsiKeHue Tpansucropa TRS; ata KoneeyHast 5KOHOMUS 3HAUYNTEIBHO YCIIOK-
HSIET CUTYAIINIO, €CJIU TOK 001Iel 1enu nmuTanus auddepeHinaabHoro ycunnress (tail
current) Takke M3MEHSIETCSI BO BPEMST 3TOTO TIEPEXOTHOTO TIPOIECCa, YMEHDIIAs CKO-
POCTb HAPACTAHUSI TIPH MTOJOKUTETLHOM (PPOHTE M YBEJINIMBAST €€ TP OTPHUIIATETHHOM

dponre.

7.13.5. OrpaHVI‘-IeHMﬂ CKOpPOCTU HapacTaHUA BbIXOAHOIo Hanps>keHusa B pealnbHbIX CXemMax

[Ipumenenue pa3BsA3bIBAIONINX PE3UCTOPOB CMEIIeHUS He TIPEICTABISET YTO-TO U3 Psila
BOH BBIXOJISAIIIEE JIJIS YCUJTUTEJIS, U300PasKeHHOTO Ha PUC. 7.5; OHU IPUMEHSIIOTCS 10CTa-
TOYHO yacTo. B KauecTBe npumepa, BBIOPAHHOTO HayraJl, MOXKHO 00paTUTLCS K paboTe
Meiiepa (Meyer) [23]. Ilepro aBTOpa IpU BBEIEHUH B cXeMy pe3ucTtopa R23 aBisioch
BOBCE HE PasjieJIeHIe IBYX HCTOUHMKOB TOKA JIPYT OT JPYTa IO TIEPEMEHHOI COCTABJISIIO-
]J_[eﬁ (I/IHOTI[a 9TO COBEPIIEHHO HE ITPUBOAUT K ycnexy), a IIPpUMEHEHNE X B IEJIAX O6Ha-
PY’KEHHUsI HEMCIIPaBHOCTH. Be3 BBeleHUsT JaHHOTO PE3UCTOpa B CJIyYae, eCJu TOK B
JII00OM M3 KCTOUHMKOB HAIaeT [0 HyJIeBOro 3HaueHus (T.e. eciiu Tpansuctop TR1 Hapy-
[IAeT PEeXKUM PasOMKHYTOM IIeIIN ), TO ONIOPHOE HAIPSIKEHUE 1CUe3aeT, OTKIoYas 0ba
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R13
100 Om

TR6

Puc. 7.45. BuponsmeHeHHas cxema 3040HMS CMELLEHMs, KOTopas
NO3BONSET KOHTPONMPYEMO M3MEHSITb TOK TpaH3ucTopa TR u cHu-
3UTb BNIUSIHME CKBO3HOTO COEAMHEHMS

HUCTOYHHUKA, [IPU ITOM IIPOILECC OIIPeieJIeHNs, YTO e UMEHHO BBIILIO U3 CTPOS U Ijie
ObLIIO HAPYIIIEHO B3aUMO/IEHCTBIE 3JIEMEHTOB CXEMbI, MOXKET OKAa3aThCsl BEChMa TPY/I0-
eMkuM. OCo3HaB 3TO, HEOOXOMMO BO3BPATUTLCS K UCXOAHBIM 3HAUCHUSM MaPaMeTPOB
CXeMbI Ha PHC. 7.3, 1 3aMeHUTb pe3uctop R23 repeMbrukoii; n3amepsieMble 3HAYEHUST CKO-
pOCTH HapacTaHWs HEMEe/IJIEHHO YJIydInaioTcs, ot 3nadenuil +21, —48 jo 3nauennii +24,
—48 (pa3MepHOCTh TaPAMETPOB B 3TOM CJlydae, Kak W HUKE 110 TEKCTY, eCTCCTBEHHO,
nospazymMeBaeTcs B equHuIax B/mkc). JlaHHblil pe3ysbTaT yKe HeCKOJbKO JyYIiie 10
CPaBHEHUIO C TIEPBBIMU TIPEATTPUHSITHIMU TIOMBITKAMHU, IPUYEM, BBIIOJTHEHHbII Oe3 Kpaii-
He HEMPUSATHOTO YBEJWYCHUS TOKA TTOKOS KacKa/la YCUIIUTES HATTPSIKEHS.

B cxeMe MCXOZHOTO YCUITUTE st TPUMEHSIIICS aKTUBHBIN tail-source ¢ ynpasieHeM
BEJIMYNHOIN 0OPaTHOI CBS3U ¢ UCIOJIb30BaHKeM TpaHaucTopa TR14; aTo 6bLIo TipHuy-
JIOV YUCTOH BOJIBI, TAK KAaK UCITOJIb30BAHUE TTAPHI IMOJIOB JIABAJIO T€ JKe CaMble 3HAUECHUST
koa(duimenTa HeMMHEeHHbIX UcKaskeHUi. [IpeacraBiigercs BIoJIHE BEPOSATHLIM, YTO
M3MEHEHME CXEMBbI IBYX UCTOYHUKOB TOKA TAKUM 0OPa30M, 4TO UCTOUHUK KaCKaja yCH-
JIUTEST HANPSKEHUST CTAHOBUTCS aKTHBHBIM, MOTJIO ObI C/IeaTh ero 6oJee CTONKNM
OTHOCHTEJILHO BJIMSAHMS CKBO3HBIX COCJIMHEHUH, TaK KaK I[eIlb YIIPaBJICHUS TOKOM B 9TOM
cirydae 3ambikaercs yepes TR5, a ne yepes Tpansucrop TR1, mpu aToM o6paTHas cBa3b
HETOCPE/ICTBEHHO BO3/IEHICTBYET HA BEJUYUHY, HETIOCPEJCTBEHHO IEMOHCTPUPYIONLYIO
HesKeJIaTeTbHbIe U3MEHEHUST (CM. CXeMy PHC. 7.45). DTo, pazyMeeTcst, 00eCTieyrnBaeT HEKO-
TOpOE yJIydllieHue TTapaMmeTpa, oT 3Hadenuit +21, —48 1o 3nauenutii +24, —48.

ITO U3MEHEHWE MOKET MPOSIBIISITHCS D0JIeE 3HAUUTENBHO, KOT/IAa TOK KaCKa[a yCUJIH-
TeJIT HANPSDKEHUS YBEJIWYUBAETCS, a TP 3HadeHusax npamerpoB R4 = 100 Ow,
R13 = 68 Om 3HaueHMS mapaMeTpa COCTaBIAOT +37, —52, UTO MPEACTABISET ONpee-
JIEHHBIH TIPOTPECC JIJIS TTOJIOKUTETLHOTO 3HAUEHUST CKOPOCTU HAPACTAHUS BBIXOIHOTO
HanpsikeHus. 1Ipu aToM 3HaYeHHEe CKOPOCTH CIIa/la BbIXOAHOIO HAIIPSIXKEHUST HECKOJIb-
KO YBEJIMYUIIOCH, YKa3bIBast, uTo tail-current Bee elie mpeTeprieBaeT yBeTnUeHUE 3a CYET
adexTa CKBO3HOTO COE/TMHEHNS.
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[IpencraBasiercss HEOOXOAUMBIM CBECTU K MUHUMYMY 9TOT TI€PEXOAHO TOK CKBO3-
HOTO COEJIMHEHUS, TaK KaK ero HeTaTUBHOE BJIMSHUE TTPOSBISIETCS UMEHHO B CaMbIi
HEMOAXOsuit MoMeHT. OTHIM U3 BO3MOKHBIX BADHAHTOB MOTJIO OBl OBITH KACKOIHOE
BKJIIOYEHHUE TPAH3UCTOPA, YTOOBI 3AIUTUTH KOJIEKTOP Tpauaucrtopa TR or peskux
U3MEHEHWIT HAMTPSIKEHMST; 5TO OTPEOOBAIO Obl HCIOTIB30BaHUsT GOJIBIIETO KOJUIECTBA
HJIEMEHTOB B IIETIN 33/[AHUSI CMEIICHVSI, 2 TAKKE YMEHBIIIIO OBl BEJIMYUHY MOTOKUTEb-
HOTO HapacCTaHWs BBIXOHOTO HANIPSIKEHUST, XOTSI U HE3HAYUTEIBHO.

Tax KaKk TPUYMHON, KOTOPast BBI3BIBAET TaKKe Ge/ICTBUSA, ABISETCA UMEHHO eMKOCTh
CKBO3HOI TTPOBOIMMOCTH MCTOYHNKA TOKA KACcKaa YCUIUTEsT HAPSIKEHST, TO BO3-
HUKaeT BOIIPOC, & HEJIb3s1 JIM OOPATUTD ee IIPOTUB Hee JKe CaMOi TakuM 00pa3oM, 4ToObI
pe3Koe M3MEHEHWE HATPSKEHUS YBETMUUBAIO OBl TOK, HEOOXOMUMBIH JIJIst €T0 O/
JePsKaHUsL, BMECTO TOTO, YTOOBI YMeHbIIATh ero? KOHEYHO, 3TO BO3MOKHO, €CJIH,
HAIPUMEDP, KOHJEHCATOP € 04e€Hb HEOOJIBITOH eMKOCTHI0 CS MOMEIAETCST MEK/LY KOJI-
sekTopoM Tpansuctopa TRS (BocnpuHUMAIONIETO TOJHBIN pa3Max HAIPS/KEHUs )
M 4yBCTBUTEJIbHOM TOUKOI A akTUBHOIT 0011eil nenu muTanus (tail sourse); mocJie yero
[PV BO3PACTAHUH BEJINYITHBI PazMaxa KOJIJIEKTOPHOTO HATIPSKEH ST KaCKa/la yCUINTe-
Jist HanpsKeHust 6aza TpansucTopa TR14 Takke MoJydaeT MOJOKUTETBHOE CMETIe-
HUe, cTpeMslieecs OTKIIOYUTh ero, W, CJeI0BATeJbHO, IPUBOAUT K YBEJTMYEHUIO
CMeTEeH s, TPUKIaIbIBaeMoro yepe3 pesuctop R21 k tpansucropy TRS5 ncroununka
KacKaza yCUJIUTeNsd HAPSKeHU. DTOT MpUeM 4ype3Bblyaiino ahheKTuBeH, 0HAKO,
OH UMEET OTTEHOK MOJIOKUTENEHOI 06PATHON CBSA3HU, B CUITY YeTO JIOJIKEH TIPUMEHSITh-
€1 IOCTaTOYHO OCTOPOKHO; eMKOCTh KoHAeHcaTopa Cs o/KHA OBITh OueHb HEOOIb-
IO, ABTOP KHUTU YCTAHOBWJI, YTO MAKCUMAaJIbHOE 3HAYEHME He JOJKHO MTPEBBIIATDH
BesmunHbl 7,5 1M, 4T0OBI He MPUBECTH K HapylieHI0 BY yCcTONYNBOCTH YCHIUTEIS.

ITpu 3Hauenusx conporusienuii pesucropos R4 =100 Om u R13 = 68 Om nobasJie-
Hue KoujieHcaropa Cs = 6 M mpuBOAUT K NU3BMEHEHUIO 3HAYEHN T TTaPaMeTPOB CKOPOCTH
HapacTaHus (M CHaja) BBIXOAHOTO HAMpsuKeHUs ot +37, —52 mo 3HaueHUWid +42,
—43; TO eCTh ACUMMETDPHSI CKOPOCTH HAPACTAHMS, KOTOPAs TIOPTHJIA BIIeYATIEHUE OT
CXEMBbI ¢ CaMOTO Havajia, yMeHbIHIach. HeoOX0MuM TIaTebHbII 060D BEJUUNHBI
ATON EMKOCTH, eCJIU TPEGYETCS MOTYYUTh XOPOIITYI0 CHMMETPHUIO CKOPOCTH M3MEHEHYST
BBIXO/IHOTO HATIPSI’KEHUS.

7.13.6. Heckonbko AONONHUTENbHbIX YNyYLUeHUN

Taxske 66110 0OHAPYIKEHO HECKOJIBKO JIPYTUX HEOKUIAHHBIX A(D(DEKTOB B TOHKE 32 CKO-
poctb. IITupokoii mybnke 0OBIYHO HE M3BECTHO, YTO HA CKOPOCTh HapaCTaHMsI BBIXO/-
HOTO HANPSKEHMsT BJAMSAET KaK BBIXOAHASA HAIPY3Ka, TAK U KJIACC, B KOTOPOM paboTaer
BBIXOJHON Kackaj. Bwilie 6bII0 OTMEYEHO, YTO MPU 3HAYEHUSAX COMPOTUBICHUIT
R4 =100 Omu R13 = 68 Om i yeuwsmmrens kinacca B u narpysku 8 OM oIy YeHbl 3Ha-
yeHust ckopocteid +37, =52 . [lust conporuBienus Harpysku 4 OM 9Tu 3HaUYEHUs M3Me-
HSTIOTCSI ¥ OCTUTAIOT +34, —58, 11 OTsITh OTEePsT CKOPOCTH JJIsT TIOJIOKUTETHHOTO (DPOHTA
Gyner GoJiee 3HAUUTENBLHOM. EC/M st BBIXOJIHOTO KacKaza OyeT 3a/1aHo CMellleHue,
COOTBETCTBYIOIIEe KJIaccy A MPH BeJIMYNHE BBIXOAHOH Harpy3ku 8 OM, TO COOTBeET-
CTBYIOIIME 3HAYEHUS CKopocTell cocTaBaT +35, -50. OObscHeHEe 3aKII09aeTCI B TOM,
YTO BBIXOJHOH KacKaJ| BOIIPEKU KACKAJHOMY BKJIIOYEHUIO PEOKOHETHBIX KACKA/IOB 1
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BBIXOJIHBIX TTPUGOPOB, TIOTPEBIISIET OT KACKA/IA YCUIUTES HATPSTKEH ST 3HAYNTETbHBII
1o BesimurHe TOK. OKOHEUHBIE KaCKa/[bl MOTPEOJISIFOT I0CTATOUHbIH 110 BendnHe 6a30-
BBI TOK B ciry4ae HArpy3Kku 4 OM, 4To6bl OTBOAUTD U3OBITOUHBII TOK OT KOHIEHCATOPA
Cdom, 1 Bo BpeMsI ITOJIOKUTETBHOTO HapacTaHust PPOHTA TOK POTEKAET M0 KpaTdaniie-
My nyTu cHabxkeHust. B ycunuresie kinacca A addext nposisisiercs: 60jee HHTEHCUBHO,
Tak KaK TOKU BBIXOAHBIX TPUGOPOB BCET/IA IMEIOT BBICOKHE 3HAYEHUST, /IS IPEIOKOHEY-
HBIX KACKaI0B HEOOXOUMBI H0Jiee BHICOKHE 110 BeJTUUNHE Ha30BbIE TOKH, TaKe B PEKU-
Me TIOKOsI, U OISATh K€ OHU OYAyT OTOUPAThCS € KOJJIEKTOPA KacKaja yCUJTHTEst
HaIPSKEHUS.

Pasron aT0oTO yeuauTesst okasajucs Obl jierde, eciiv Obl eMKOCTh KOHAEHCATOPA
Cdom MuJiepa okaszanach MeHblne. JIefcTBUTEIbHO, TaK T HEOOXO0UMO Ha IPaK-
TuKe ee Gosbinoe 3nayeHne? Jla, aTo AEHCTBUTENBHO TAK: €CIU HEOOXOUMO UMETh
koadduirenT yeunenus orpuiareabioil OC 10cTaTOYHO HUSKUI 11t 0OeceyeHmst
BY ycroitunsocth, ycusierne Ha BU KOHType 10JKHO OBITh OTPAaHUUYEHO. Y CUJICHIE
PA3OMKHYTOI IIeTIH BbIIlle YaCTOTHI IOMIHAHTHOTO 1ooca P1 npexcrasiisier mpouns-
BejieHUE KPYTU3HBI BXOAHOTO Kackajaa gm Ha BeuuuHy Cdom, mpu aToM BeTrMunHa
gm ysKe HACTOJIBKO MaJia, HACKOJBKO OHA BOOOIIE MOKET OBITh 32 CUET BBHIPOIKACHMUS
aMuTTEpa. IMUTTEpHBIE pe3ucTopbl R2 1 R3 yske npu 3nauennu conporusnenuii 100
OM JI0CTaTOYHO BEJUKH, YTOOBI YMEPEHHO MOBEPTHYTH OMTACHOCTHU BXOJHOE HATIPSI-
JKeHue pasbasanca, Tak Kak TOK o6Iedt e mutanust auddepeHmagibHoro yeuim-
TeJis pa3BamBaeTcs MO JABYM pe3UCTOpPaM, HOMWUHAJbHBIE 3HAUEHUS KOTOPBIX
JIOJKHBI OBITH TIO00PAHBI OTHOCUTENBHO APYT APYTa ¢ TOYHOCTHIO, COCTABISIONIEH
He MeHee 1 %, KpoMe TOro, IYMOBbIE XaPaKTEPUCTHKHU TakKe OyAyT YXYAIIAThCs 3a
CYeT JIOMOJHUTETHHOrO COMPOTUBIEHUS B OMUTTEPHBIX IEMSIX BXOAHON mapsl. Takum
00paszoM, /it JaHHOTO 3HaueHus koadduirrenTa ycuiaenus orpuiareabioin OC Ha
gacrore 20 kT Besmunna emkoctt Cdom okasbiBaeTcst GUKCUPOBAHHOII.

Bornpeku aTuM 06beKTUBHBIM 06CTOSTENLCTBAM OblIa TPOU3BE/ICHA TPOBEPKA BIIUS-
HUS UBMEHEHUS PacTpeieJieHUsT YCUIeHNUS PA30OMKHYTOM TIeTT MeK/Ty BXOJHBIM KacKa-
JIOM ¥ KacKaJIoM ycuautesst Hanpsikenus. Cornporusienus peauctopos R2, R3 Gbuiu
yBesiderbl co 100 Om 10 220 Om, a emkxocth Cdom Oblia ymeHbieHa 10 66 nd; atu
JIENCTBUS He MPUBEJTH K TOYHO TAKOMY Ke KO3(DUINEHTY YCUIeHUsT OTPUIATETHHOM
OC, Ho 10 cyIIEeCTBY BIBOE GbIIa yMEHBIIIEHA KPYTH3HA BXOJIHOTO KaCKajia v BIIBOE yBe-
Jin4eH Koa(GOUIMEHT yCUIeHns Kacka/la yCUJINTeNs HalpsiKeHus. J|BykpaTHoe yBesu-
yenne KoahGuImenTa yCuIeH s 038010 yMenbinnTh snadenue Cdom 1o 66 nd Ges
YMEHBIIEHUS TPAHUI] yCTOHYUBOCTH.

[Tpu Tex ke 3Havenusx conporusiaeanii R4 = 100 u R13 = 68 Owm, uto u nipeske, 3Ha-
YeHUsI CKOPOCTH HapacTaHust Bozpociu 10 +50, =50 B/Mkc (11pu HCIOIb30BAHUN JJIsST
obecrieueHnr CUMMETPUYHOCTH 3aBUCMOCTH CKOPOCTU U3MEHEHU ST BBIXOIHOTO HATIPSI-
skenus konzpencaropa Cs, umeroiero emxocts 6 D). YBesndeHue CKOPOCTH COCTABH-
J10 25 % TI0 CpaBHEHUIO ¢ TeopeTudecknM 3HadeHueM 50 %, KOTOpPOe MPeACKA3bIBAET
[IPOCTast TEOPUSI, YTO YKA3BIBAET HA TO, YTO CYILIECTBYIOT ellle U PyTue OrpaHudeHus;
JIeNCTBUTENIbHO, MOJIeJINPOBaHue ¢ ucnosibzoBanueM rnporpammbl SPICE nokasaio, uto
WX CYIIECTBYET JCHCTBUTETHHO HECKOIBKO.

Oj1HO 13 TaKUX OTPaHMYEHUT 3aKITI09YaeTcs B caeytomieM. [1pu mosoxurensHOM, Mtn
HapactaioteM, pponTe TpaHaucTopbl TR4 m TR2 mo/KHBI 3aKpPBIBATHCS HACTOJIBKO
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OBICTPO, HACKOJIBKO 9TO BO3MOYKHO IIyTEM DKCTPAKIUMU TOKa U3 Korgercaropa Cdom.
CrenmoBaresibHO, BXOIHAS Mapa 3acTaBsieT Tpan3nuctop TR10 octaBaThes BKIIOYEHHBIM
3a cueT BO3pociero Hanpsikenus Ha Tpansuctope TR11 u pesuctope R7. Kak Tonbko
tpansuctop TR10 BrouaeTcst, ero SMUTTEPHOE HAIIPSKEHUE BO3PACTAET M3-32 PE3U-
cropa R6, Tor/ia Kak B TO;Ke camoe BpeMs KOJIJIEKTOPHOE HATIPSKEHUE TOJKHO YMEHb-
HIMTHCS 10 3HAYEHUS, IPUMEPHO PABHOTIO HANIPSIKEHUIO IUHBI —Ve , YTO0BI BHIKIIOYHTh
Q4. B npezenbiom ciydae nanpsikenue tpansucropa TR10 uceskaer no snavenus Vee,
U OH OKa3bIBAETCSI HE B COCTOSTHUN 00€CIIeYNTh ZOCTATOYHO OBICTPBIN Pa3psiz KOHAeHca-
topa Cdom. HauboJiee ipocThiM c110c060M pelieHus 9TOi IPOOIEMbI SIBJISIETCS YMEHb-
IeHre CONpPOTUBJIEeHNN pe3uctopoB R6 m R7, KoTOpble NMPUBOAAT K BBIPOKIECHUIO
TOKOBOTO 3epKajia. DTO IIoABepraer pucky usmenenne BU mckaxenuii us-sa pasbaian-
ca KOJIJIEKTOPHBIX TOKOB I¢ BXO/IHO TTapbl, OIHAKO, CHUIKeHUe BesinduH 710 12 OM rnoka-
3aJ10 BIIOJIHE TIpUEMJIEMbIe Pe3yabTaThl. Ellle pa3 moguepKuBaeTcsi, YT0 3TO OTHOCUTCS
K MTOJIOKUTELHOMY HAPaCTAHUIO, UTO SIBJISIETCS IO CTHMBIM.

Ilpyrum criocobom ymeHbIneHus 3nauenust emxoctu Cdom 10 TpeGyemoro sHaue-
HUS SIBJISIETCS YMeEHbIeHUe KOa(MdUIMeHTa yCUIEHNS eI 32 CYeT BO3PACTAHUS BEJIH-
YUHBI OcJabJieHusT Tiern oOpaTHOU CcBst3au, JuGO, TOBOPsI APYTUME CJIOBaMH,
UCIIOJIb30BATh YCUIUTENb IIPU O0JIee BBICOKOM 3HAYeHUU KOd(MGUIUEHTa YCUIEHM
3aMKHYTOI IIeMU. ITO MOXKET OKa3aThCs He TAKUM Y3K U TLJIOXUM PellleHNneM; TOK TIpu
crangapTHoM 3HaueHun 1 B 7151 MakcuMaIbHOM TPON3BOANTENLHOCTH SBJIsteTcsT (Kak
CMeeT TPEIIOJIOKNUTH aBTOP KHIUTH ) CJIEACTBHEM CTPACTHOIO KeJIaHUsI MMETh HeOOIb-
noe 3Hadyenue KoahPuimenTa yeuaeHnus 3aMKHYTOR Lel /It TOro, 4ToObl obeciie-
YUTHh MAKCUMAJIbHOE 3HaUeHIe Koa(duirmenTa ycuiaenus orpuiiatenbuoit OC u Takum
00pa3oM yMEHBIIINTH UCKaKEeHUs. 3/1€Ch aBTOPY KHUTH pUXoauT Ha yM JLH, KoTopsIit
3aluIal; 3Ty crpareruio einte B gajsekom 1974 r. Onnako, ciejayer NIpuHUMATh MUP
TAaKOBBIM, KaK OH €CTbh, TOITOMY aBTOP JIAHHOW KHUTH OCTABIIT KOA(DGMUIIUEHT YCUICHIS
3aMKHYTOI 11eny HensMeHHbIM. KoHeuHo, MOKHO 0CIabuTh BXOAHOI CUTHAJ U [109TO-
MY OH MOJKET ObITh CHJIbHEE YCUJIEH, XOTS Y aBTOPa €CTh KAKOe-TO TPEBOKHOE YUYBCTBO
OTHOCUTEJILHO BETel TAaKOTO PoJia: yCUJIeHUe CUTHAIA B IPEYCUIINTENIE, a 3aTEM €T0
ociabjieHne B yCUIUTe e MOIHOCTH II0ApadyMeBaeT IOCTAaHOBKY IIPOOJIeMBI ¢ HOT Ha
rOJIOBY, €CJIM TOJIbKO Tof06Hast MeTadopa MOKeT ObITh MO3BOJUTEIBbHON. BrionHe
CTOSIIIIUM JIEJIOM MOJKET OKa3aThCsl UCIIOJIb30BaHUE TAKOTO CII0co0a, nO0 y paccMaTpH-
BAEMOT0 YCUJIUTEJST BBICOKAST JIMHEHHOCTD PA3OMKHYTOM I€TH, T0O9TOMY aBTOP KHUTH
CUYUTAET, YTO HEKOTOPOE yBeJInYeHne CyMMapHOTo Koah@uilneHTa HeJIMHeHHbIX KCKa-
JKEHUH He MOKeT IIPUBECTH K BOSHUKHOBEHHIO CEPhe3HOM TPOBGIIEMBIL.

3arpaTuB MPEABAPUTEILHO PSIJI YCUJIUI, CBSI3AaHHBIX ¢ MUHUMU3AIel NCKayKeHU,
KaK-TO COBEPIIEHHO HE XOUETCST yXY/IIATh MapaMeTp CyMMapHBIX HEJMHENHBIX HCKa-
JKeHUiT «Ge3ynpeuHoro ycusuresst>. K cuacTbro, HU 0jIHA U3 MOIEPHU3AIINH, TPUBEICH-
HBIX 3JeCh, He OKasaja Kakoro-HuOyjAb 3HAUUTEJIbHOIO BJMSHUS Ha OOIUI
K09(PDUIMEHT HEJIMHEHBIX MCKAaXKEHUIH, XOTsI MOTJIO Obl OBITh 1 MEHbIIIE U3MEHEHWIT B
nuartazone 10—20 kI
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17.13.7. DanbHenwne USMeHEHUS U Apyrue BapuaHTbl CXeMbl

Te pe3yJibTarhl, KOTOPbIE MOJYYMII ABTOP JAHHOIN KHUTH B CBOUX TIOIBITKAX YJIYUIIUTh
CKOPOCTDb HApaCTaHMUs CUTHAJA, HA TIEPBBIN BITJISI, He ABJISIIOTCST CHOTCITHOATETHHBIMT,
OJTHAKO, OHU JIEHCTBUTEIBHO 3aCIYKUBAOT OJ00PEHUS 1 UCTIOJTHEHUST, KAK BIIOJIHE
peasiCTUYHBIE, B TOM BHJIE, B KOTOPOM X BBIITOJHIIT ABTOP JAHHOI KHUTH. ABTOD OCTa-
€TCs B YBEPEHHOCTH, YTO yJIy4IIeHWE TAaKOTO MapaMeTpa, Kak CKOPOCTb HapacTaHUs
BBIXO/THOTO CUTHAJIA, MOJKET OKA3aThCSI IOCTATOUHO ITPOCTBIM JIEIOM, KAK[0€ UCKITI0Ye-
HU€ W3 TIPABIJIA TOJTHKO MOJATBEPKIAET €r0 CIPABEJINBOCTD. TakKe MOKET 0Ka3aThCs,
4TO JPYTHe CXeMbl KACKAJIa YCUIUTEJSI HAIPSIKEH WS, TAKUE, HAIIPUMeD, KaK [BYXTaKT-
Hbl€ YCUJIUTEJIbHbIE KacKabl, IipoBeperHbie B pabore Cenda (Self) [16], mpomemon-
CTPUPYIOT OOJIBIIYI0 TMOKOCTh B OTHOIIEHUH YBEJIMUYECHUSI CKOPOCTU HapacTaHUs,
O/IHAKO, TaKKMEe TOTIOJOTHYECKIE CXEMbI UMEIOT CBOM COOCTBEHHbIE HEJOCTATKH, KOTO-
pble HEOOXOIUMO TIPEOI0JICBATD.

Crounno (Stochino) B cBoell BocxuturtenpbHoi pabore [24] mpeacraBua BapuanT
CXeMBI, KOTOPast, XOTsI U ABJISIETCSI HAMHOTO OoJTee CII0KHOMN MO CPAaBHEHUIO ¢ OOBIYHOI,
MTO3BOJIAET, TT0 €T0 3aBEPEHUIO JIOCTUYH 3HAYECHUS CKOPOCTU HAPACTAHUS BBIXOJHOTO CUT-
HaJia BIJIOTH 10 3HaveHus 400 B/mxc.
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naBa 8. cTouHMKM NnuTaHua u Ko3ppuumneHT
nogasneHns nctoyHuka nutaHus (PSRR)

8.1. an/IHU,VInVIaHbeIe noaxonabl K co3gaHUiO NCTOYHUKOB NUTaHNA

Cy1ecTByeT TP OCHOBHBIX MOXO0/IA /IS OPTAHU3AIUK TUTAHUS YCUTUTEIeH MOTIT-
HOCTU:

. HCIIOJIb30BaHUE TMPOCTOTO HECTaGUIM3UPOBAHHOTO MCTOYHUKA MUTAHUS,
COCTOSIIIEro U3 TpaHC(hOPMATOPA, BBIITPSIMUTEJIS M HAKOITUTEIBHOTO KOHJIEHCATOPA;

* WCIIOJIb30BaHKE UCTOYHMKA IIMTAHUSI C JIMHEHHON cTabuIn3almei;

* HCIIOJIb30BAHNE UMITYJIbCHOTO HCTOUHUKA TUTAHUS.

Kak cranoBuTCst coBepIilieHHO OYEBU/IHBIM, IT€PBbIi, 1 CAMBIN TPOCTON, UCTOUHUK
MUTAaHUS OYIET CAMBIM JICIIEBBIM ¢ )KOHOMUYECKOH TOUKU 3PEHUSsI, HO, C IPYTOH CTOPO-
HBI, OH 7K€, CKOpee BCEro, OyeT MOABEPKEH PUCKY CO3JAHUS [OBBIILIEHHOTO YPOBHSI
IITyMOB U MTOBBINIIEHHOTO (DOHA TTePEMEHHOT0 TOKA, & TAaKsKe BEPOSITHOCTH BOSHUKHOBEHUST
HepeKkpecTHbIX oMeX. [109ToMy ObLI0 GbI Pa3yMHBIM PACCMOTPETH HOJIEE IETANBHO BCE
apryMeHTHI, KaK 33, TaK U TPOTUB, JIJI KAXK0TO BADUAHTA OPraHU3alluy MTUTAHUS yCU-
JIATEJIS.

8.1.1. MpocToi HeCTabMNU3NPOBAHHbIN UCTOYHUK NMUTAHUS
IIpeumymecrBa

e IIpocToii HecTaOUIN3UPOBAHHBIN KCTOYHMK MUTAHKS — JOCTYIIHBIN 1 He Z0POroi
o croumocTi. (ITporie TOBOPst, TPAIUIIMOHHBII CUIIOBOI TpaHchOPMATOP ¢ 0OMOT-
KaMU 13 MEJ[HOTO TIPOBO/IA M MACCUBHBIM MarHUTOIIPOBOZIOM OY/IET, CKOPee BCEro,
CaMO¥ JJOPOTOCTOSIIEN /IETANBIO BCETO YCUIUTETIS. )

e OTCyTCTBYET BEPOSITHOCTDh HEYCTOMUMBOCTU WM BO3HUKHOBeHUs BY momex Ha
4acTOTaxX MepeKII0UeHUS UMITYJILCHOTO UCTOUHMKA MU TAHUS.
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e YCUINTENTb MOMXKET OT/1aBaTb 6oJee BbICOKYIO MOIIHOCTD IIPU IMMKOBbBIX IIEPEXO/-
HBIX Harpy3KaX, 4TO ITOJTHOCTBIO COOTBETCTBYET TEM Tp€6OBaHI/IHM, KOTOpbIE
NPEABABIAIOTCA K YCUJIUTEJIO.

Henocratku

e B BBIXOZHOM BBINIPSIMJICHHOM HANPSIKEHUH UCTOYHMKA TUTaHUS IPUCYTCTBYIOT 3Ha-
YUTENbHBIE [YJICAIINI, & 3HaUeHNe KOA((DUITHEHTA TTO/[ABIEHUST HICTOYHUKA TTHTAHUS,
PSRR, B ycunuTesie morpebyeT Mpy peaii3aiii CXeMbl TIOBBIIIEHHOTO BHUMAHHSL.

e CustoBoii Tparchopmatop OyseT uMeTh GOJIBIIYI0 MACCY U 3aHUMATh 3HAUUTEIIb-
HBII 0OBEM.

e IlepBuuHast 06MOTKA TpaHchOpMaTopa A0JKHA METh MHOTOUNCIEHHbBIE OTBOJIBI,
4TOOBI yI0BJIETBOPSTH MHOIOYMCIEHHBIM CTaHAAPTaM CETEBOTIO HAIIPSIKEH M, [TPH-
MEHSIIOTUMCS B Pa3JINYHBIX CTPaHAX.

e OTCyTCTBHUE MEPEKIIOYEHUH, XaPAKTEPHBIX [IJIsI UMITYJIbCHBIX MCTOYHUKOB TIHTa-
HUS, He 03HavaeT abcomoTHoe orcyTeTBre BU momex. MocToBOil BBIIPSIMUTEND
Oy/IeT TeHEPUPOBATH BBICOKOUACTOTHBIE TOMEXH TIPH 3AITUPAHUH TUOOB C YaCTOTON
ux nosroperust 100 I'i. IIpuyem momexu 6y yT BO3pacTarh ¢ yBeJIUUEHEM HOTpe-
6JIIeMOTO TOKA.

8.1.2. JIuHenHo-CTabunnsmpoBaHHble UCTOYHUKU NUTAHUS

IIpeumymecrBa

o JluHelHO-CcTabMIN3UPOBAHHBIE NCTOYHUKHU TIUTAHUS MOTYT OBITh CIIPOEKTHPOBA-
HBI TaK, YTO B BBIPSIMJICHHOM BBIXOJIHOM CHUTHaJE GYIyT MOJTHOCTHIO OTCYTCTBO-
BaTh IIyJIbCAI[UH, UJIH, IPYTUMU CJIOBAMHU, YPOBEHB (hOHA TIEPEMEHHOTO TOKa Oy /1eT
HIKE YPOBHS GEJIOro MiyMa, TeHEPUPYEMOTO CTaOUIN3aTOPOM HATIPSIKEHIS, UTO
obecmeunBaeT CHIKEHIE TPeOOBaHWIT K Benunie K0ahOUITMEHTOB 0CTabIe IS
muH mutanus ycunuresst. OHaKo MOKHO O3BOJIUTH cebe GbITh COBEPIIEHHO He3-
3a00THBIM OTHOCHUTEILHO BEJIMYNHBI K03 dUIeHTa OcIabIeHNst UCTOYHHUKA TIHTa-
Hust, PSRR, ycusmresist MOIHOCTH TOJIBKO B TOM CJIydae, €CJIU CTaOUIN3aTOPBI
MOTYT TIOJTHOCTBIO 0OECTIEYUTH «UUCTBIE> TMMHBI TUTAHUS B CJIYYae HEOKUIAHHBIX
muKOB (BBIOPOCOB) moTpebiieHust TOKa. ECJu jke HeT, TO BOSHUKHYT CUJIBHbIE TIepe-
KPECTHbIE TOMEXHU, €CJIU TOJIbKO He OYIyT UCIOIb30BAHBI OT/IEIbHbIE CTaONIN3a-
TOPbl U1 KaxJ0ro Kanajga. A 32TO oO3HayaeT MX YydyeTBepeHue s
cTepeoOHNIECKOTO YCUITUTEIS, YTO c/IeTaeT BCIO CUCTEMY UYpe3BbIuaiiHO I0poroc-
TOSIIEH.

o CTabmIm3npoBaHHOE BHIXOIHOE HATPSIKEHNE TUTAHUST 00eCTIednBaeT abCOMIOTHO
€O06Pa3HbIil BBIXOAHOM CUTHAJ YCUIIUTES] MOTITHOCTH HE3aBUCUMO OT M3MEHEHU
HaIpsKeHUs B TUTAOIIEH CeTH.

o CylecTByeT BepOSITHOCTb OTKJIIOUEHUS JIEKTPOHUKY B CJIydae HEelloIa/I0K ¢ IuTa-
HUEM I10 TOCTOSTHHOMY TOKY YCHJIUTEJIS, TOITOMY MOKHO 000N THCH €3 BBIXOIHO-
ro nepeksrouaresst. OHAKO P 9TOM J00ABJISIIOTCST 9JIEKTPOHHbIE TIEMH U HET
MOJTHON TapaHTHH, YTO OTKA3ABIIMH BHIXOAHO TIPUOOP HE MPUBEAET K BO3HUKHO-
BEHMIO TTOGOYHBIX HEUCITPABHOCTEN B CTaOUIN3aTOPAX, KOTOPbIE 3aCTABSIT IPOMKO-
TOBOPUTEJIM OCTABATLCS B COCTOSHUM MOTEHIIUATBHON OMACHOCTH.
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Henocrarku

o BoJee BbICOKAS CJIOKHOCTBD U, CJIEIOBATEILHO, MEHEE BBICOKASI HA/IEKHOCTB. B 11es10M
CJIOKHOCTD BCEl CXeMbl YCUJIMTEISI BO3PACTAET, KAK MUHUMYM, B/iBoe. Boibiiiee
KOJIMYECTBO JIEMEHTOB CXEMBbI JI0JIZKHO CHU3UTH OOIIYIO HAZIEKHOCTD, 8 UX 00IIast
pabora, npesxae Beero, 6yzer 6ojee AUTeIbHON 1 ¢ 60JIee BBICOKMMU HATPY3KaMIL.
B kauecTBe prMepa MOKHO PACCMOTPETh OOBIYHYO cxeMy, Harpumep cxemy CuH-
kaepa (Sinclair) [1]. Ecim ycunuTeb MOITHOCTH OTKa3bIBaeT, HAIIPUMED, M3-3a
BBIXO/[a U3 CTPOSI BBIXOIHBIX TPUOOPOB, TO 3JIEMEHTBI CXEMbI CTAOUIM3aTOPA, CKOPEEe
BCETO, TAK)KE BBIU/YT M3 CTPOSI, TaK KaK 3allUTa TIOJYTIPOBOIHUKOBBIX TPHOOPOB €
UCTIOIBb30BAHUEM TUIABKUX TIPEOXPAHUTEIEH TIPEICTABIISIET CO00 BeChbMa COMHMU-
TeJIbHYIO Belllb. Ha mpakTuke Takoe pasBuTHe COOBITHIT TIPEACTABIISIETCST MAIOBEPO-
aTHpIM. CTapasi MIyTKa 0 TOM, YTO TPAH3UCTOP B IIEMH CIIYKUT JJIs1 3AITUTHI [1JIABKOTO
TIPEIOXPAHUTEIST, COBCEM He TIPECTABIISETCS 3a0ABHOM /7T pa3pabOTINKOB Y CILITH-
Teslell MOIIIHOCTH, TaK KaK 9TO HAa CAMOM JIeJie TO, YTO MPOMCXO/UT Ha MPAKTHKE.
3aliura 3JIEKTPOHHBIX CXeM CTAaOMI3aTOPOB OT TIEPETPY3KH HA CAMOM JIeJI€ SIBJISIET-
s OUEHb CePbE3HOI, IPESK/IE BCETO, JISI TOTO, YUTOOBI TIPEAOTBPATUTD BOSMOKHOCTh
Pa3BUTHS HEUCIIPABHOCTEH 110 TUITY TAAIONINX KOCTSIIEK JOMUHO, 4TO JIOIIOJIHU-
TEJIHHO YCJIOKHSIET CXeMY, TaK KaK I Hee IPUXOUTCS MPUMEHSTh CBOETO POjia
JIBOWHYIO 3aIl[UTy B CJIydyae, KOra TPAH3UCTOPBI B CXEMe CTabMIN3aTOpa JOJKHBI
HUMETh rapaHTUPOBAHHYIO HAJIEKHOCTH TIPH paboTe.

o CpaBHUTEJIBHO IOPOTOCTOSINNE, UCTIOIB3YIONIHE, TT0 KpaliHell Mepe, Ba MOIIHBIX
MOJTYTTPOBOIHUKOBBIX TPUGOPA, IMEIOTIIE COOTBETCTBYIOILYIO CXEMY YIIPABJICHUS
U CXeMY TOKOBO¥ 3alIUThI. DTH MOIIHbIE OJIYIIPOBOJHUKOBBIE TPUOOPHI, B CBOIO
oyepellb, HYKIAI0TCS B XOPOIIIEM TEILJIOOTBO/IE U CIEIUATPHOM MOHTaKe, CXeMaxX
3AIUATHI OT KOPOTKUX 3aMBIKAHUI U T.JI., U T.II.

e Taxske OT EpBUYHOI 0OMOTKH TPaHCHOPMATOPA IOJKHbI BEITOTHATHCS MHOTOYH-
CJIEHHBIE OTBOJIBI, YTOOBI HCTOUHUK TMUTAHISI MOT COOTBETCTBOBATD PA3JUYHBIM
CTaH/APTaM TTUTAIONIET0 HAIPSIKEHUS.

e Crabu/m3aTopbl HAMPSIKEHUsI, BBIIIOJHEHHBIE B BUJE TOTOBBIX MHTETPAJIBHBIX
MUKPOCXeM, OOBIYHO He TIPUMEHSTIOTCS H3-32 HECOOTBETCTBYSI TPEOOBAHUSM K TOKAM
U HAMIPSKEHVISIM, TTO9TOMY, KaK TIPABUIIO, TIOJIOOHBIE CXEMBI BBITIOJIHSIIOTCST HA JIUC-
KPETHBIX TTOJIYITPOBOHUKOBBIX IPUOOPAX, & TAKKME CXEMbI JOCTATOYHO CJIOKHO Clie-
JIaTh BEICOKOHAJIEKHBIMH, CIOCOOHBIMU COXPAHSATH PabOTOCTIOCOOHOCTH OYKBATBHO
npu 106X cutyarusax. OObIYHO UX HEBO3MOMKHO MPUOOPECTH HA CTAHIAPTHOM
PBIHKE KOMILIEKTYTIOTINUX U3JIeJINH, 32 UCKIIOYECHUEM CIyJaeB TPeIJIOKEeHNH 10
HEHOPMAJIbHO BHICOKUM, 3200JJa9HBIM TIEHAM.

e JluHeiHO-cTabUIM3UPOBAHHbIE CXEMbI MOTYT I€EMOHCTPUPOBATH OUE€HD CEPhE3HBIE
npo6embl BY HeycTONYMBOCTH, KaK CAMOCTOSITETHHO, TaK U B KOMILIEKCE C TIUTa-
€MbIM UM yCUJIUTeIeM MOIHOCTH. [10JTHOe BBIXO/IHOE KOMILIEKCHOE COTIPOTHBIIE-
HIe CTabMIN3aTOPa, CKOPee BCETO, CKIOHHO BO3PACTATH C YACTOTOMH, 2 9TO CO3/IAET
HEKOTOPBIE peasibHble HEYA00CTBA, CBSI3aHHbIE HMEHHO € HEYCTOHYMBOCTBHIO HA
BBICOKOI YacToTe. Ps/1 HauXyIIIMX 110 CBOMM PE3YJIbTaTaM OIBITOB € YCUITUTEISIMA
JUIST ABTOPA JTAHHON KHUTH CBSI3aHbI ¢ OYKBAJIBHBIM HapPYIIECHUEM CTaGUIBHOCTH
paboThI B MOAOOHBIX YCUITUTEIISIX.
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Ycunnurenp e B cCOCTOSTHUN OTJAaBaThb ITOBBIIIEHHYIO MOIITHOCTD ITPU ITMKOBBIX IT1€pe-
XOHBIX Harpy3Kax.

OO6111it ypoBeHb pacCerBAEeMOl MOLITHOCTH VISl 3aIaHHOTO YPOBHST BHIXOAHOM MOIII-
HOCTU 3HAUUTEILHO YBEJTMYEH 13-32 MUHUMAJILHO JIOITYCTUMOTO TIa/IEHUsT HaTIpsyKe-
HUS Ha cXeMe CTabuImM3aTopa.

OTKJIMK Ha TOTPeOJISIeMYIO MOIIIHOCTD ITPH MIEPEXOHOM IIPOIlecce OUeHb MeIJIeH-
HBII, YTO CKAa3bIBAETCS HA BEJIMUMHE CKOPOCTU HAPACTAHUS BBIXOTHOTO HATIPSIIKe-
HUA.

8.1.3. UMnynbcHble UCTOYHUKU NUTaHNS

IIpeumymecTBa

B UMITYJIbCHBIX MCTOUHUKAX [TUTAHUST YPOBEHB MYJIbCAIII MOKET OBITh 3HAUNTEb-
HO HUZKe 110 CPAaBHEHUIO ¢ HeCTaOMIN3MPOBAHHBIM UCTOYHUKOM ITUTAHUS, HO BCE-Ta-
KM OH HUKOT/IA He MOKeT ObITh HIZKE 110 CPABHEHUIO C IIPABUIILHO PACCYMTAHHBIM
JIMHEHO-CTaOUIM3MPOBAHHBIM MCTOUHIKOM MUTaHU. TUIIMYHBIM HAIIPSKEHIEM
myJbcannii sipyisiercs 3HadeHue 20 MB IBOITHOTO aMIITTUTYTHOTO 3HAYEHUSI.
OTCyTCTBYET MACCUBHBII CUJIOBOI TpaHC(HOPMATOP, YTO JIaeT 3HAUUTEIbHOE CHU-
xKeHue B 001Iell Macce 000pyIOBaHMs. TOT apPTYMEHT MOKET OKa3aThCs Pellaro-
UM JIJIsT 000PY/I0BaHUS, HCIIOJIb3YEMOTO TIPH MIPSIMOi TIepeiaue B ahup.

Mo:keT nprobpeTaThes B BIe KOMILIEKTYIOIINX U3/e/Mil, Ha IIPAKTUKE 9TO CTa-
HOBUTCsI 00513aTe/IbHBIM TPeGOBaHUEM, TaK KaK PacyeT UMITYJIbCHBIX HCTOYHUKOB
[UTaHU [IPEACTABJIAET OYeHb Y3KOCIEeNAIM3UPOBAHHY O 00JIaCTh AeATeJIbHOCTI
IIPOEKTUPOBIINUKOB CXEM UCTOYHUKOB TTUTAHUSI.

MoskeT ObITh TIPEYCMOTPEH PEKUM aBTOMATHYECKOTO OTKJTIOUEHS, €CIIA YCIIIU-
TEJTh IEPEXO/IUT B OTIACHBIN PEKUM CMENEHUST 110 IIOCTOSTHHOM COCTaBJISTIONIEH.
MoryT ObITh rapaHTHPOBaHbI YCJI0BUs HOPMaJIbHOIT paboTococobHocTH (0bectre-
YyBas IIPHU 9TOM YPOBEHb AKYCTUYECKOIO BHIXOAHOTO CUTHAIA €3 JOIIOIHUTE b
HBIX HACTPOEK) [IJISI BCEX BO3MOYKHBIX CTAaHAAPTOB CETEBOIO HAIIPSIKEHUSI,
[IPUMEHSIEMBIX B Pa3JIMYHBIX CTPAHAX, UTO TIO3BOJISIET UCIIOJIb30BATh UX B INAIIA30-
He uTalomux Hanpsekenuii ot 90 1o 260 B.

Henocratku

WMy ibCHBIE MCTOYHUKN TUTAHUS IIPEACTABIISIOT UCTOYHUK OOUJIbHBIX BbICOKO-
YaCTOTHBIX TTOMeX. MOJKeT 0Ka3aThCsT UPE3BbIUANHO CITOKHON 3a/1auell TIOJTHOCTHIO
0CBOOOIUTD OT HUX BBIXOJTHOM aKyCTUYECKUIT CUTHAI.

[Tyabcaruu ¢ yactoroii 100 I'ir B BBIXOAHOM cUTHAJIE, KK Y>Ke YKa3bIBAJIOCh PAHEE,
HUMEIOT 3HAUUTEbHBIN YPOBEHB, TI0ITOMY B YCUJIATENE MOTPEOYETCs TPUMEHEHHE
00BIYHBIX MeP IIPEJOCTOPOKHOCTH, CBA3aHHBIX ¢ BEJIMYUHON Koo dullneHTa ocia-
Osenus ucrounuka nutanus, PSRR.

Taxoii uCTOYHMK TOPaso OoJiee CAOKHBIN U, CIeA0BATEIbHO, MEHee HaeKHbII, 110
CpaBHEHUIO ¢ HeCTAOMIN3MPOBAHHBIM UCTOYHMKOM THTaHusl. V13-3a HaIM4Kst BBICO-
KOBOJIbTHOTO TTOCTOSTHHOTO HATIPSI)KEHUST MOKET MPEJICTaBISATh OITACHOCTH B CJIY-
YasiX, eCJIU He UCTIOJIb3YETCs CIeIMaTbHbIN KOPITYC.
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e OTKJIMK Ha HOTpe6JI§I€‘MI)Ie NIEpeXO/IHbIE TOKU MOJKET OBITDH CpaBHUTEJIbHO ME/IJIEHHDBIM.

[Ipu BHUMATETLHOM MTEPEUYUTHIBAHUY BBINIETTPUBE/IEHHOTO MTEPEYHST IOCTOMHCTB 1
HEI0CTATKOB MOJKET MOKa3aThCs, YTO CTaOUIM3UPOBAHHbIE HCTOYHUKN TUTAHUS JIJIsST
MPUMEHEHUST B YCUJIUTEJISIX MOTITHOCTU He TIPeJICTAaBJISIOT Huvero xopoiiero. Ho He kax-
IIBIII TOTOB COTJIACUTBCS ¢ MHEHUEM aBTOpa JaHHOU KHUTH, CM., Harrpumep, pabory JInu-
cies-Xyna (Linsley-Hood) [2]. K coxasienuio, oH He IpUBEJI HUKAKMX JOKa3aTeIbCTB
B ITO/IJIEPKKY CBOEW TOUKH 3PEHMSI.

OOBIYHBIIT APTYMEHT 3aKJF0YAETCST B TOM, UTO JIHHEHHO-CTaOMIN3UPOBAHHBIE UCTOY-
HUKU IUTaHK JaioT Gojiee «Tyrue, CBs3aHHble HU3KKe yacToThl» (tighter bass), xoTs
aJIBOKATHI 3TOH MO3UIIMN BCET/A JOCTATOYHO OCTOPOKHBI, YTOOBI HE JaBaTh YE€TKOTO
onpeJlesIeHus /Il TOHSITUS «TyTUe, CBSI3aHHble HU3KUE YACTOThI», I0ITOMY HUKTO I1PO-
CTO He B CUJIaX OIIPOBEPTHYTH JaHHOE yTBepkaenue. Eciu nannas ¢pasa Bce-Taku HeceT
KaKOI-TO CMBICJI, TO OHAa O3 COMHEHUN OTHOCUTCSI K MU3MEHEHUSIM B HU3KOYACTOTHOMN
[IePeXOIHOIl XapaKTePUCTUKE, XOTSI HUKAKUX OA0OHBIX M3MEHEHHIT He yAaI0Ch 3aduK-
CHPOBATh, UTO TTIO3BOJISIET 3aKIIOUNTh, UTO JAHHOE YTBEP KIEHNE He SBJISeTCS BCce-Takn
UCTUHHBIM. B cirydae npaBuibHO BBITIOJTHEHHOTO PacyeTa Bce TPU BapUaHTa UCTOYHUKOB
[UTAHUsST MOTYT 00€CIIeYrTh IIOJIyYeHre TIPEBOCXOAHOIO 110 KAYeCTBY 3BYKa, IOITOMY
MMeeT CMBICI 00paTUThCs K GoJiee IPOCTOMY BapHaHTy pelieHust podiembl. B ciydae
[IPUMeHEeHMs] HeCcTaOUIM3MPOBAHHOTO UCTOYHNKA OCHOBHA TIpobJieMa CBsI3aHa C TEM,
4TOOBI HE JIOMYCTUTH TIOTIaaHus YJIbCAIIMH B BBIXOJHOU CUTHAJI, UTO, KaK OyeT TToKa-
3aHO, SIBJISIETCS TIPSIMBIM ITyTEM K YCIIEXY, €CJIU B3SIThCS 32 JIEJIO C JIOJIKHBIM YCEP/IUEM
U paccy>kaath 1mMpu aToM Jorndeckn. Ciaydail BapuanTa MCTOYHUKA TUTAHUS C JIMHE-
HOU cTabUIN3aIel IpeICTaBIISIET BMECTO 3TOTO WHON BBIOOP — BBITIOJHEHHE pacyera
He OJTHOTO, a JIBYX CJIOKHBIX CUCTEM, OXBaueHHbIX oTputiatesbaoil OC, cuiabHO cBSI3aH-
HBIX T€M, 4TO MOKET CTAaTh «CMEPTEJIBHBIM OOBSITHEM»> BO B3aMOJIEHCTBYOIIIEH crCTe-
Me, ecJd B OJIHOM M3 IapTHEepOB BO3HUKHeT MaJjeiiias BY neycroituuBocTb. UTO
KacaeTcst MMITYJIbCHBIX ICTOUHUKOB TTUTAHWS, X PACUET SBJISIETCSI B OCHOBHOM Y/I€JIOM
OuYeHb Y3KUX CIEIUATNCTOB.

OcHoBHble (MCXOAHBIE WK Ga30BbI€) CXeMbl YCUJIUTENEH, IIPOaHATU3UPOBAHHbIE
B 9TOI KHWUTE, UMEIOT MPEBOCXO/IHbIE XaPAKTEPUCTUKH TI0 BesinunHe Koadhduiinenta
ocs1ab/IeHns IIMH MTUTaHKs, TO9TOMY IIPOCTON HeCTaOMIN3NPOBAHHBIN HCTOYHUK ITUTA-
HUS TIOIOUIET TPEBOCXOIHO. Vcob3oBaHue cTabUIM3MPOBAHHOTO HCTOUHIKA ITHTA-
HUSI BOBCE He SBJIAETCS HeOOXOAMMBIM, 1, G0JIee TOTO, aBTOP KHUIY OY€Hb CEPhEe3HO
BO3paska Obl MPOTHUB UX IPUMEHEHUs BooOIe. B sryuiiiem cirydae MpUIioch Obl TPOCTO
YABOUTH KOJIMYECTBO IIPUOOPETaeMbIX, COOMPAEMBIX U IIPOBEPSEMbIX CXEM BBICOKOMN
MoIIHOCTH. B xymaiem ciyyae Moriu Gbl BOSHUKHYTH TPYAHOU3/I€UUMbIe IIPOOJIEMbI €
BBICOKOYACTOTHON YCTOWYNBOCTBIO, CHIETTM(UIECKIE OTPAHUYEHUS 110 CKOPOCTU Hapa-
CTaHUs BBIXOIHOTO HATIPSIKEHUS, a TAKKE BBIXOJl U3 CTPOST JIOPOTOCTOSIINX MTOJTYIIPO-
BOJHUKOBBIX PHOOPOB.

8.1.4. MpepBapuTenbHble 3aMeYaHUs, NpeaLecTByloLne NPOoeKTUPOBaHUIO
MCTOYHWNKA NUTaHUS

Tunuynas cxeMa HecTaOMIN3UPOBAHHOTO UCTOYHKMKA IUTaHU IIPUBeIeHa Ha puc. 8.1.
OHa IIOJTHOCTHIO SBJIAETCA KOHIENTYaJbHOM, XOTS AJIs ONTHMaJbHOW pabOThl U
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OnekTpocTaTtnyeckuin
aKpaH
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Puc. 8.1. Cxema npocToro HeCTabUnM3MPOBAHHOIO MCTOYHMKA NUTAHMS,
B KOTOPYIO BKIJHOUY€EHbI CTHO)KMBGIOIJJ,ME nynbCcaumni BbiNPSMUTENDb
1 X-KoHpeHcaTop

uckIoueHnst oHa Kak MOHTasKHAsE CXEMa, TAK U CXeMa MTPOKJIAIKU IPOBOIOB TpebyeT
6oJiee BHUMATEJIBHOTO TIOAX0/Ia, YTO U OYET ¢ YCIIeXOM MPOJIEJIaHO.

Il yemsuresieil cpeiHero YpoBHs MOIIHOCTH BeJIMYMHA 00IIed eMKOCTH HaKOIIU-
TEJBHOTO KOHAEHCATOPA B pacyeTe Ha MIMHY TUTAHUS 06bIYHO Kosebmercst oT 4700 10
20000 Mmx®D, x0Ts B psijie pa3pabOTOK 3TO 3HAYEHHE MOKET OBITH MHOTO OOJIbIIE, 3HAUE-
HUS TOKOB ITYJILCAIIMH IOJIKHBI GBITH PACCMOTPEHBI CO BCEH TIATENLHOCTHIO. /locTaTou-
HO YaCcTO JEKJAPUPYETCs, YTO 3HAYUTEIBHOE YBEJINIeHNE eMKOCTH HAaKOMUTETbHOTO
KOHjleHcaTopa obecrieunBaeT 6oJiee BBICOKYIO YCTONYMBOCTD Ha HU3KUX 4aCTOTAX aKy-
CTUYECKOTO JIMATIa30Ha; 9TO HE TaK /s BCEX KOHCTPYKITHI OOBIYHBIX YCUITUTETEH HIKE
06JIaCTH TOIABTEHNST.

[Tpu u3I0KEHNY MaTEpUaIa aBTOP JAHHOI KHUTH He HaMEePEH BaBaThCs B TIOAPOO-
HOCTH pacyeTa MpocToro OJI0Ka MUTaHMsI, TaK KaK Bce HEOOXOANMBbIE JJaHHBIE MOTYT OBITh
HOJTy4YeHbI B OOBIYHBIX YUeOHUKAX, BMECTO HTOTO aBTOP HAMEPEH MPEAIOKUTh HECKOJIb-
KO COBETOB U BBICKA3aTh PSI/I TIPEAOCTEPEKEHUH, KOTOPBIE MO0 PEIKO TYOIUKYIOTCS,
160 CTIEINATBLHO OTHOCATCS K PACYETY aKYCTUUECKUX YCUIUTE e,

8.1.5. Cunosble TpaHcopmaTopbl

CujtoBbie TpaHC(hOPMATOPBI OOBIYHO MCIONHSIOTC JTMOO0 ¢ UCTIONb30BAHUEM TPAIH-
1moHHOTo 11T-06pasHoro cepieuHuKa, b0 ¢ UCTIONb30BAHUEM TOPPOUIATBHOTO Cep-
neunuka. Crangaprabiii [1I-06pasHbIil cepIeYHUK MCTIOMB3YETCS B TEX CIyYastX, KOT/a
CTOUMOCTD SIBJISIETCST OTIPEIEIISIONTIM TTAPAMETPOM TI0 CPAaBHEHWIO C Pa3MepaMiu TPaH-
copmaropa uiaKM BHEITHUME MATHUTHBIMU MOJISIMHU, aGCOTIOTHO CIIPABE/TIUBBIM Gy 1eT
u obpaTHOe yTBepskAeHre. CyIIeCTBYIOT U APYTrue pasHoOOpasHbie THITHI TpaHchopMa-
TOPOB, Takue, HanpuMep, Kak ¢ C-06pasHbIM cepieaHUKOM, R-06pasHbiM, HO OHU He
MOTYT CPaBHUTBCA 110 BEJIMYNHE BHEIIHETO MarHUTHOTI'O [10JI51 TPaHC(OpPMaTopa ¢ TOp-
POUIABHBIM CEPAECYHUKOM, OCTABasICh IIPU BCEM 3TOM 3HAYUTEIBHO HoJiee TOPOTUMU
U3JIETTMSIMU TI0 CPaBHEHUIO ¢ OOBIYHBIM TpaHchopmaTopom, uMerorum 11-o6pasmbrit
Cep/IeYHNK.
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Buernree marauTtHoe T0sIe 06BIYHOTO Tpatcdopmaropa ¢ II1-06pasHbiM cepaedHu-
KOM MOJKET 6bITb 3HAYUTEJbHO YMEHDBIICHO IIPU NUCITOJIb30BaAaHUN aHTHBH6paHHOHHOﬁ
TOJIOCHI UJTH CTSDKHOTO XOMYTa, KaK MHOT/IA €T0 He COBCeM JTo6e3Ho HasbiBatoT. OH Tpej-
CTaBJIsIET COOOH IMUPOKYIO MEHYIO TIOIOCY, KOTOPast 00pa3yeT 3aMKHY ThII BUTOK, OXBa-
TBIBAIOLIMI C BHEIIHEH CTOPOHBI CEPAEYHUK UM OOMOTKM TpaHc(hOpMaTopa TaKUM
o6pa3oM, 4To OH He 06pa3yeT KOPOTKO3AMKHYTHIH BUTOK, TEPECEKAIONIMHA OCHOBHOI
MarHUTHBIN TOTOK CHIIOBOTO TparchopMaropa. CoBceM HA060POT, OH PacceKaeT TOMb-
KO TIApPa3UTHBIN MOTOK YTEUKHU, YACTUYHO HEUTPATINIYSI eTo.

Pacuer cunoBoro TpanchopMaropa Ha 3a/laHHOE HANPSKEHUE U BEJTUYMHY TOKA,
B IIPUHITHIIE, HE TTPECTABIISIET CJIOKHOCTEN, OJTHAKO BCET/IAa BKIFOYAET B ce0sT ITPU MPaK-
THYECKOM BOTLJIONIEHUH TPUMEHEHNE TPUBUAIBHOTO MeToa mpod u omubok. OcHOB-
HAasl IPUYKMHA TAKOTO [TOJIOXKEHUST 3aKTI0UAETCS B TOM, UTO HANIPSIKEHME, PAa3BUBaeMOe Ha
HAKOTIMTETbHOM KOHJIEHCATOPE, 3aBUICUT OT BEJIMYUHBI TIOTEPH, KOTOPBIE HE TaK IIPOCTO
[pejyrajgarh, a 3TO SABJIEHUE XapaKTEPHO IS JIF0OO0I e BBIIPSAMUTES, B KOTOPOI
TOK ITPOTEKAET TOJBKO B BUJIE YPE3BBIUAITHO KOPOTKOTO OCTPOTO MMITyJIbca Ha rpebHe
MePEeMEHHOTO CUTHAJIA.

[Tpeskiie Bcero pasBUBaeMoOe HAPSIKEHHE 3aBUCHUT OT CTENEHN CTaOUIM3UPYIOIIETO
BJIMSTHUS TPAHC(HOPMATOPA, T.€. OT UBMEHEHVS BEJTMYNHBI MAJ€HUST HAIPSIKEHUs TIPU
BO3pacTaliolieM sHaueHun norpebisgemoro Toka. (CloBo «cTabuIMsupyolee» B IaH-
HOM KOHTEKCTE HE MMeeT HNYEro 06Luero C IPUHIIUIIOM YIIPAaBJCHUS 110 HAITPAKECHUIO
OTPHUIATEIBHON 0OPATHOI CBSI3M — BCE HTO CMYIIAET ¥ 3allyThIBAeT, HO 3TO Tak.) IIpo-
U3BOUTENN TPAHCHOPMATOPOB OOBITHO ¢ GOJIBIIION HEOXOTOU U IO/ IABJICHUEM BBIHY K-
JIEHBI TIPENOCTaBJIATD I{TO-HI/I6yI[b 6OJIbIHee, 4yeM OYEeHb HpI/I6JII/131/ITeJIbeIe JTaHHbIE 110
9TOMY [TOBOZLY.

[Torepu HanpsKeHUS TaKKe CHIIBHO 3aBHUCAT OT TIIKOBOI aMIJIUTYBI UMITYJTbCOB,
TIOCTYIAIONINX M3 BBITIPAMUTEIIA Ha HaKOIIUTEIbHBIN KOHAEHCATOP; 3TN ITNMKN BbI3bIBa-
10T TaJIeHUsI HATIPSIKEHUsI B IETSIX MEPEMEHHOTO TOKA, HA COMPOTUBJIECHIH OOMOTOK
TpaHc(opMaTOpa U BBITIPSIMUTEIHHBIX JIM0JIaX, U KOTOPBIE 10 CBOE BeJIMUNHE OKa3b-
BAIOTC 3HAYUTEIBbHO OOJIbLIE, Y4eM MOKHO ObLIO Obl 0kuAaTh. K coskaleHUIO, BeJIuun-
Ha MTUKOBOTO TOKA MPAKTUYECKU HE MOXKET OBITh OIpe/IeeHa YIeTOM COTPOTUBIICHSE
MIPOBO/IOB M MHAYKTUBHBIM COIIPOTUBJIEHUEM YTEUKHM TpaHchopmaTopa (mapamerp,
KOTOPBIH TIPOM3BOANUTEN TPAHC(HOPMATOPOB C €lIle ropasio OOIbIIeil HEOXOTOH TOTOBBI
[Pe/ICKa3aTh), a JrOble MTPOU3BOIUMbBIE PACUETHI HACTOJIBKO MPUOJUSUTEBHBI, YTO
peajibHO He MOTYT JaTh BOOOIIE HUKAKOW BPasyMUTeIbHOM 1 pbl. Takke MoKeT cylie-
CTBOBATb HEONPEAEJIEHHOCTb B BEJIMYMHE K.II.[. 110 HAIIPAKEHUIO CaMOI'O YCUJIUTEJIA,
IIOMUMO 3TOT'O CYIIIECTBYET CTOJIbKO TIePEMEHHBIX, YTO e[MHCTBEHHBIM PEaTbHbIM BapH-
AHTOM OCTAeTCs TOJTbKO Ha MMPAKTHIKE UCITBITATh HECKOJIBKO MOJIeNIel TpaHC(OPMATOPOB
nepes; TeM, Kak OyeT MoJy4eHO TOUHOE 3HaueHue TPeGyeMOIl BBIXOIHON MOIIHOCTH.

Tak kak GOJIbIIAS YaCTh YCUJIUTENEH TpeHasHaueHa BOCIIPOU3BOIUTD MY3bIKY
U peub, XapaKTEPUIYOIINeCst OOIBITMMU OTHOIIEHUSIMU CPETHETO YPOBHSI MOIITHOCTH
K IIMKOBOMY 3HAYEHMIO, OHK OYAYT YAOBIETBOPUTEILHO paboTaTh ¢ TpaHchopMaTopa-
MU, KOTOPBIE CIOCOOHBI OTAABATh TOJABKO 70 % OT 3HAUEHUST TOKA, HEOOXOAUMOTO JIJIst
JUTATETBHOTO BOCIIPOU3BE/IEHNSI CTHYCOMIATbHOTO CUTHAJIA, TO3TOMY TIPU CPABHUTE/Ib-
HOM CTOMMOCTHOM aHaJIN3€e U3/IeJTUIl MOKHO COKOHOMUTH 3HAUUTEbHBIE CPE/ICTBA.
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[TpobieMbl HAYMHAIOT BO3HUKATD, KOT/A M0J00HbBIE YCUIUTEIH [TOBEPralOTCs TECTH-
POBAHUIO CUHYCOMIAIbHBIM CUIHAJIOM U BHIOPaHHBI TakuM 00pasoM TpaHchopMaTop
MOKET OTKA3aTh IPOCTO M3-3a ePErpesa, XOTs AJIs TOTo, YT00bI JaTh TeMIIepaType HoJ-
HSITBCSI CTOJIb 3HAUNUTENBHO, MOKET MTOHALOOUTHCST OKOJIO Yaca, WJIH Jaxe ele GOJIbIIIE,
OOGBIYHOIT TPUIMHON MOKET OKa3aThCs TPOOOIH MEKBUTKOBOI M30JISIIINN, BO3HUKIIEE B
pes3yJibTaTe 3TOr0 KOPOTKOE 3aMbIKaHUE BUTKOB MTPUBE/IET K PACIIABJICHUIO ITPEIOXPa-
HUTEJIS B LEIH IepBUYHOI 0OMOTKH TpaHchopMaropa. ITOT IPOLECC PEAKO IPUBOIAKT
K TTOCJIE/ICTBUSIM, BIIOJIHE OYEBU/IHBIM ITPU BU3YaJIbHOM OCMOTPE TpanchopMaTopa, T.e.
IPOXOAUT Ge3 BbIJEJIEeHUs IbIMa, HO, KOHEYHO K€, OH BBIBOIUT U3 CTPOSI JOPOTOCTOS-
1Te KOMIIOHEHTBI CXEMBbI.

[l mpenoTBpaleHus HoA00HbIX IIOBPEKACHNI, KOIIa MOIIHOCTD TpaHcdopMaTopa
3aBeIOMO BhIOpaHa HECKOJIBKO HIKe, HEOOXOIUMO KCII0JAb30BaTh HEKOTOPBIE BUIbI
TETIOBOM 3amuThl. CaMOBOCCTAHABINBAIOIIUECS 3AIUTHBIE YCTPONUCTBA, OCHOBAHHBIE
Ha UCIIOJIb30BaHIK OUMETA/IMIECKUX [IPEAOXPAaHUTE e, UMEIONIX BUJL IJIACTIH MU
JICKOB, UMEIOT HeOOBIINNE Pa3MepBl, YTOOBI OBITh PA3MEIIEHHBIMU BO BHEITHUX CJIOSIX
00MOTKH, ¥ IIPH 9TOM PabOTaIOT IPOCTO BeInKoIenHo. OHu 0ObIYHO BHIOUPAIOTCS 13
pacuera Ha cpabGarbiBatnue mpu Temreparypax 100 wim 110 °C, Torga kak MaTepuaibl,
[pUMeHsieMbie B TpaHchOpMaTOpax, MpeHa3HaueHbl i1 PAOOTHI TIPH TEMITEPATYPAX
120 °C, eciiu TOJIBKO He TpedyeTcs UCIO0Ab30BaTh ClIeUalbHble KOHCTPYKIIMK TPaH-
copmMatopos.

Ecin mepBrunast 06MOTKA CUJIOBOTO TpaHchopMaTopa MMeeT MHOTOYHCIEHHbBIE OTBO-
JIbI, TTPE/ICTABJISIONINE BOBMOKHOCTD UCIIOJb30BATh €r0 MMPU PAa3JTUYHBIX CTaHIApTaX
CETEBOro HAIPKEHM, HEOOXOAUMO IIOMHUTD, YTO 9aCTh MEPBUYHBIX OOMOTOK TpaH-
copMaTopa crocoOHa BBIAEPKUBATH 3HAYMTEIbHO (G0Jiee BBICOKME TOKU M B TeX CJIy-
yagx, KOTJIa CXeMa JIOJIKHA MUTATHCS OT MEHBIINX M0 3HAYEHWIO HAPSKECHUN: TOK
[ePBUYHOIT 0OMOTKHM, TOTPe6JIsIeMblil IIpH ceTeBoM Hanpsikenuun 90 B, Gyaer nout B 3 -
pasa 6oJibllle, yeM [pK ceTeBOM HanpsikeHun 240 B 1pu Toii ske caMoil HOMUHAIBLHON
MOIIHOCTH.

8.1.6. NpepoxpaHuTenu u BbiNnpAMUTENN

BoinpsamuTeabHblil MOCT (IIOYTH BCEria OH BBIIOJIHAETCS B BULE MUKPOCOOPKH) 10JI-
sKeH ObITh M3HAYAJbHO PACCUNUTAH BBIAEPKUBATH HadyaabHble OPOCKH TOKA, BO3HUKA-
OII[1e B MOMEHT, KOT/Ia TIPOMCXOINT 3aPsi/l TOJTHOCTHIO Pa3ps’KEHHOTO HAKOTTUTETHHOTO
koHeHcaropa. COBEPIIEHHO ONPeIeSIeHHO, B OOIbIIEl YacTu yeunuTesei Tpebyercst
MpUMeHeHUE JIJIsT BBITPSIMUTETbHBIX JIUO/I0B TETJIOOTBOISIINX PAJANATOPOB; MajJileHue
HATIPSKEHVS B KPEMHUEBBIX BBITPSIMUTEIBHBIX THOIaX MOKET OBITh O4€Hb HEOOJIBIIIM
(ucIonp30Banue Ipy IPUOIN3UTENbHBIX pacueTax 3Hauenys B 1 B 11 Kaxgoro quoga
SIBJISIETCSI JOCTATOYHO XOPOIIMM MPUOIMKEHNEM ), OHAKO UMITYJIbCHbBIE TOKH MOTYT
JOCTUraTh 04eHb OOJIbIINX 3HAUEHMIT 1 00111ast BBIIEISIONAICI JHEePIis MOKeT OKa3a-
ThCS BeChMa 3HAUMTETHHO.

[HogBoasmue mpoBo/ia K HAKOTTUTEIBHOMY KOH/IEHCATOPY JIOJIKHBI TTOAKIII0YATHCS
HETOCPEeZICTBEHHO K €r0 BBIBOJIAM M HEMOCPEICTBEHHO OT BBIIPSIMUTEIbHOTO NO/IA;
TOYHO TakK ke OTBOJISIINE TTPOBO/IA K BBICOKOBOJIBTHOM IITMHE MUTAHUS TOJKHBI OTXO-
JIUTH OT HTUX K€ CAMbBIX BBIBOJIOB. /[pyruMu cjioBamu, He CJI€/IYeT JleJIaTh OTBETBJIEHUS
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K KOH/IEHCATOPY, TaK KaK €CJIU €ro C/eIaTh, TO €ro COMPOTHBJIECHNUE BKYTIE ¢ UMITYJIbCOM
3apsIHOTO TOKA GOJIBIION aMILIUTY /bl BRI3OBET TTOSBJICHNE AOTIOJHUTENBHOTO Y3KOTO
IIMKa B BEPIINHE MYJbCUPYIOMIETO BBIXOAHOTO BBINIPAMJIEHHOTO HAIIPAKEHUA, YTO
MOKET YXY/IIUTh OTHONIEHUE YPOBHS CUTHAIOB (hOH/TYJIbCAIUNA B aKyCTUYECKOM
JIManasoHe.

[To coeMHUTENBHBIM TIPOBO/AM, MOAXOASAIIUM U OTXOAAIIMM OT BBITIPIMUTEIbHbIX
JINOJIOB, TIPOXOJISAT UMITYJIbChI 3aPSIZIHOTO TOKA KOHAEHCATOPA, aMILIUTY/Ia KOTOPbIX 3HA-
YUTEJIBHO ITPEBOCXOANT BEJIMYNHY BBINIPAMJIEHHOTI'O BBIXO/THOTO TOKA. HarpeB TIPOBO/I-
HUKOB, CJIeJIOBATENbHO, OyieT OoJiee 3HAUMTENbHBIM Osarogapsi 6oJjiee BHICOKOMY
3HAUEHUIO TIPOU3BEIEHUS KBajlpaTa TOKA Ha BEJIMUUHY COTIPOTUBJIEHUA. Boiiensionie-
ecs1 IPU MIPOXOKIEHUN TOKA TEIIO MOKET, CKOPee BCero, ObITh elle GoJiee 3HaYnTe b-
HbBIM, €CJIH TOK OYZIeT IPOXOAUT 110 PasJIMYHOTO PO/a COeAnHUTEISIM. [lepKaTesu Aist
MJIABKUX TIPEAOXPAHUTEEIl TaKKe MOTYT HArPEBAThCS, TIOITOMY CJIEAYET BKIIOYUTH
IPU PACCMOTPEHNUHU JAHHOH MpoOIeMbl BOIPOC NCIIOAb30BAHMs MOJEEH, peiHasHa-
YEHHbIX AJId TAKEJbIX yCJIOBI/IfI pa6OTbI. C]IeI[yeT O6paTI/ITb BHUMaHWE Ha IJIaBKUE IIpe-
JOXPAHUTENN: €CJAU TIABKas TMPOBOJOYKA B TPEAOXPAHUTENE MPOBUCAET TIPH
BKJIIOYEHUH JIOO [IPH IIEPEXOAHBIX IPOLECccax, TO HOAOOHBIN IPeAOXPAHUTEND [IEPEro-
PHUT, CKOpee BCero, yKe uepes HECKOJIbKO JeCATKOB 4acoB paboThl, HHBIMK CJIOBAMH,
caM MPe0XPaHuTe b JA0JKEH ObITh BBIOPAH PACCYUTAHHBIM Ha GoJiee BHICOKOE HOMU-
Ha/IbHOE 3HAYEHNE TOKA 3al[UTHL.

ITpu BBIGOPE BETMUMHBI HOMUHAJIBHOTO TOKA CETEBOTO TPEAOXPAHNUTENS B MEP-
BUYHOI 06MOTKe TpaHchopMaTopa cjelyeT IOMHUTD, 4TO y TpaHchopmaropa ¢ Top-
POUIAIBHBIM CEPAEYHMKOM TIPU BKJIIOYEeHUU HabJo1aeTcss 6GPOCOK ToKa ¢ Hosiee
BBICOKUM 3HaueHueM. [ToaTomy, 6e3 BCAKUX COMHEHUH, TIPU BIGOPE TUIIA TJIAaBKOTO
[PEeJOXPAHUTEIISE CJIEYET OCTAHOBUTHCS HA MIABKOM IIPEOXPAHUTEIE C 3aAEPIKKOI
cpabaTbIiBaHUS.

BoinpsamuTenbHbIe AMOIBI A1 MOCTOBON CXEMBI IOJIKHBI B 00S3aTEIbHOM TTOPSIIKE
COOTBETCTBOBATH TPEOOBAHUAM MOBBIIIEHHON HAZEKHOCTH, OHU TaKKe J0JIKHbI CHAa0-
KaTbCA Ha/IEKHBIMU TEIJIOOTBOAANIMMUA pa/IlMaTOPaMU.

8.1.7. BY n3anyyeHne MoCTOBbIX CXeM BbINpAMNeHUs

MocToBbie CXeMBI BBITTPSIMIIEHUS, B TOM YKCJIE JaKe MOIIHbIE TPUOOPDI, TIPeHA3HA-
YeHHbIE UCKITIOYUTENHHO JIJIsT PAGOTHI B KAUeCTBE CUIOBBIX BBITPSIMUTEJIEN HA 4ACTOTAX
1o 100 T'u, renepupyior npu paboTe, Ha yAUBIeHNE, 04eHb cuibHbI BY curnas. 9to
MIPOUCXOUT B MOMEHT BBIKJIIOUEHUSI MTOJTYTIPOBOIHUKOBBIX AMOI0B BBITPIMUTEIbHO-
ro MOCTa: HOCUTEJU 3apsija ObICTPO BBIHOCATCS MOJIeM 13 00J1acTH P-N-Tlepexoia, a
MIPOTEKAIONINI TOK PE3KO MPEPBIBAETCS, B Pe3yabTaTe YeTO TPOUCXOANT TeHepaIus
rapMOHUK, YACTOTHI KOTOPBIX PACIIONIOKeHbI HerocpeacTBento B BU auamaszone. Yem
Gosibllie MO BeJIMYMHE TOK, TeM Gosibliee KoaudectBo BY rapmMoHUK reHepupyercs,
XOTs1 B 001IIeM cJydae HEBO3MOKHO 3apaHee TPe/cKa3aTh CTeleHb MoA06HOTO yBelu-
geHus. ITOT 3(HEKT OUeHBb YaCTO MOKET OBITH OOHAPYIKEH, UTO HA3BIBACTCS, HA CITYX,
€ MTOMOIIIBIO OOBIYHOTO TPAH3MCTOPHOTO PAANONPUEMHITKA (HACTPOEHHOTO Ha Cpe/IHe-
BOJIHOBBIN WJIM JIJIMHHOBOJIHOBbI UAIIA30H ), KOTOPbII HEOOX0UMO [OIHECTH K Kabe-
JIFO CETEBOTO TUTAHWS YCUIUTEIST. DTO eMHCTBEHHAS 00JIACTh OOBIYHOTO YCUTUTEIST
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MOIIHOCTH, KOTOPast, CKOpee BCEro, Oy/IeT 0CTABISATH HEMPUSITHOCTH TIPH TIPOBEPKE HA
COOTBETCTBUE HOPMAM, OTPAHUYMBAIONTIM MPEIEIbHBIN YPOBEHD 2JIEKTPOMArHUTHOTO
u3Iydenus [3].

[lake B TOM ciTydae, KOr/ia YCUIUTENb YCTAHOBJIEH B TJIyXO 3a3€MJICHHBIN MeTaJIITH-
YeCKUIT KOPITYC, & CUIIOBOI TPaHCHOPMATODP NMEET 3a3€MIEHHBIN ATIEKTPOCTATUIECKUT
skpaH, BU moMexu OyyT U3JIydaThCs 4epe3 TOUKU MOAKII0UYeHHUs (DasHOTO U HEHTpaJib-
HOTO [TPOBOJIOB CETHU 3JIEKTPOTIUTAHUS. [IepBYIO JIMHUIO OOOPOHBI TPOTHUB 3TOTO SIBJIEHISI
OOBIYHO COCTABJISIIOT YEThIPE AeMIIPUPYOIINX KOHAECHCATOPA ¢ EMKOCTBIO TIPUMEPHO
100 uD, MOAKMIOYEHHDIX TTAPAJIIETbHO KAXKIOMY BBIIIPSIMUTEIbHOMY TUOIY MOCTA,
KOTOPBIE YMEHBIIAIOT CKOPOCTH BHIKJIIOUEHUS TUO/I0B. /17151 TOTO YTOGBI OHU CMOTJIH TIPHU-
HECTH KaKY0-TO MOJIb3Y, JKU3HEHHO HEOOXOIUMO, YTOOBI OHU BCE YCTAHABINBAJIUCH KAK
MOKHO OJIKE K TOYKAM TIOJ[KJIIOYEHUST BBIIPSIMUTEIbHBIX 10108, (IIpu aTOM HUKOT-
JIa He cJIe[yeT 3a0bIBaTh, YTO TaKUE KOHAEHCATOPbI 00S3aTEJIBHO JOJKHBI OBITh THIIA,
CIIOCOOHOTO YCIIEITHO BBIIEPKUBATD JJTUTETBHBIE 10 BDEMEHU MEPErPY3KH M0 IepeMeH-
HOMY TOKY.)

Bropyto sHni0 060poHbl IpoTuB HosiBieHnst BY momex cocrasister X-KOHIEHCA-
TOP, MOJAKITIOYEHHBII MEKIY (ha3HBIM TPOBOIOM 1 TIPOBOIOM HEHTPAIU U PACIIONOKEH-
HBII HACTOTBKO OJIM3KO K CETEBON PO3ETKE, HACKOJIBKO 3TO BOOOIIE BO3MOKHO (CM. PHC.
8.1). O6pI4HO TaKoii c11ocod TpedyeTcs: Ay GONBIINX yCUIUTENEI MOITHOCTH, PACCUN-
tanubix Ha 300 u Gosee BarT 06ueit MmomHocT. Kongercarop poxen ObITh 0c060TO
BU/I4, KOTOPBIiI TIpeTHA3HAYEH JIJIS IPSIMOTO TOKTIOYEeHUs B CETh uTaHus. Beanaump
emkoctr 100 H®D 06bIYHO OKA3BIBAETCST BIIOJIHE IOCTATOYHON; HEKOTOPBIE CTAHAAPTHI TI0
6€301MaCHOCTH YCTAHABJINBAOT MAKCUMABHYIO BEJIMUUHY eMKOCTH KOH/IEHCATOPa 3Ha-
yenneM 470 HD.

8.2. NopgaBneHne BANSHNS WWH NUTaHUSA B ycamnutenax

B mrrepatype, TOCBSAIMEHHON YCHINTEISIM MOIITHOCTH, YaCTO AUCKYTHPYETCS BAXKHOCTD
pobeMbl ocabyieHust BAUSHUS (TIOaBJIEHS ) HCTOYHUKA TIUTAHKS, OKa3bIBAEMOTO B
HU3KOYACTOTHBIX YCUIIUTEISIX, 0COOEHHO B CBSI3H C €0 BO3SMOKHBIM BIIMSTHUEM HA BEJIN-
YUHY UCKAKEeHU [4].

ABTOp KHUTH HAJIEETCS, UTO €My YAATOCh YOeAUTh CBOUX YnTaresieil B rimaBax 5 u 6,
YTO COBEPIIEHHO HET HUKAKOU HEOOXOAUMOCTH UCIOJIb30BaTh CTAOUIN3UPOBAHHBIE
HUCTOYHUKHU TIUTAHUSA JIJIST TOTO, YTOOBI 06ECIIeYrTh JOCTOWHBII BCAYECKOTO TO/IPaKa-
HUS YPOBEHb HEJTMHEHHBIX UCKasKeHU. ABTOP HaMePeH TIOATBEPAUTH 9TO IMTyTEM MPO-
BEPKU TOTO, KAK UMEHHO MECTHbIE MCKAKEHMS B ITUHAX ITUTAHUS IIPOHUKAIOT HA BBIXO]L
YCUIUTEIS, a TaKyKe CIOCOOBI, KAKUMU 3TH TIOMEXH, TIOCTYTAIONINE W3 TITHH TTUTAHUS,
MOTYT OBITH 3h(heKTUBHO yeTpaHeHbl. [[esibto aBTOpa SIBJISIETCS He TOBKO CO3/IaHKe YCU-
JITesist, n36aBJIEHHOTO OT BIUSTHUS (hOHA TUTAHMUST, HO TAKKEe HAMEPEHIE TIOKA3aTh, 4TO
B caMoM 3 deKTe BAUSHUS NCTOYHIKA MUTAHNUS N3HAYATHHO HET HUYETO MUCTUYECKO-
r0, T.e. HET HUYETO TAKOTO, Yero TBOPEIl He MOT OBl CKa3aTh O CBOEM COOCTBEHHOM TBO-
PEHWH.

Biisinue HeasieKBaTHO MO00PAHHOTO KO3(h(UIIMeHTa MOIaBIE€HNST UCTOYHUKA TTHTA-
Hust, PSRR, Ha 0OBIYHBIN YCHIUTEIb MOLIHOCTH KJacca B, B KOTOPOM IprMeHsIeTCsT IIpo-
CTO# HeCcTaOUIM3UPOBAHHBII UCTOYHUK TIUTAHUST, MOYKET OBITh JBOSIKUM:
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. YacTh MyJIbCAINH Ha MIMHAX MuTanud, nMmetonmx yactotry 100 ', moctymaer
Ha BBIXOJ], YXY/IIas COOTHOIIIeHNe CUTHAJNOB nryMm/don. bombimas vacts
JIoJIell IPU3HAET TaKoe IOJIOJKEeHUE eI JOCTABJISAIONNM ropasno OoJiee
cepbesHoe GECIIOKOMCTBO, ueM OOIIIii yPOBEHb HEINHEHHBIX NCKAKEHNUI;

. [0 IIMHAM TUTAHUSA B CUJIy X OYeHb HU3KOTO IMOJHOTO KOMILIEKCHOTO
COIPOTUBJIEHUS IIPOXOANUT HeOOJIbIIAs COCTABJISIONIAS II0JIE3HOIO CUTHAJIA.
B ycusmresne kiacca B 1o Gy/ieT IPOSIBIISITHCS B BUIE OTHOTIONYIEPUOHBIX
(TIOJTYBOJTHOBBIX ) HMITYJIbCOB, TAK KAK BBIXOIHOI TOK MOTPEOISETCS OT IBYX
NIMH TUTAHUS TI00YEPETHO; €CJIM K€ OHU MPENCTaBISAIOT MyTh JJIs
MPOXOXKAEHUS CUTHAJA, TO 3TO MPUBEAET K 3HAUNTEITHHOMY YXYAIICHUIO
06111ero koagduimenTa HeJIMHEHHbIX UCKAKEHUIA.

Bropas BeposgTHOCTB, «BTOPKeHNE» MCKAKEHUI 32 CUET WHIKEKITH U3 ITUH U TaHWS,
MOKeT ObITh UCKJIIOUEHA Ha TIPaKTHKe, 110 KpailHell Mepe, 3a CYeT UCIIOJIb30BaHUSI COOT-
BETCTBYIOIIEN apXUTEKTYPhI YCUIUTEI ST, CXeMa KOTOPOTO PACCMATPUBAJIACH /IO CUX TIOP.
Hauboee pacipocrpaneHHbIM 1e(hEKTOM, KaK MPEACTABISETCs], ABJISeTC HEeIlPaBUIb-
HBII BBIOOD MeCTa MOAKIIOUEHMsI OJOKUPOBOYHBIX KOHIEHCATOPOB IIUH IINTaHMs, B
pe3yJIbTaTe 4ero B CUIHAJ Z00ABJISIOTCS OOUIbHBIE I1yIbCALIMH U NCKAXKEHM, IIPU YCJIO0-
BUU, 9TO UX OOpaTHbIE IPOBOZA IOAKIIOUEHBI K OOLIE ¢ CUTHAIOM 3€MJI€; OHU ObLIN
0003HAYEHBI aBTOPOM KHUTH O HOMEPOM 5 (MCKaKEeHUsI Pa3Bs3KU MINH MUTAHUS) B
MepevHe MEXaHU3MOB UCKayKEHU T, TPUBEICHHOM B TJIaBe 3.

ITOT BUJL ICKAKEHWI He I0JIKEH Ty TaThCs C MCKAKEHUSIMU, BBI3IBAEMBIMU BKJTAZIOM
B CUTHAJT 32 CYET MH/IYKTUBHOM CBSI3M TOKOB TIeTICH OTHOOJIYTIEPUOTHOTO BBITIPSIMIICHHS,
— 3TOT a(DheKT He IMeeT HUKAKOTO OTHOIIEHUST K PACCMAaTPUBAEMOMY U MTOJTHOCTBIO yCTpa-
HSIETCS TIATeThHOCThI0 (PU3NIECKOTO BOTLIONIEHUSI CXEMHOTO PENIeHMsT; aBTOP KHUTH
0003HAYNJT JAHHBII BU KCKAKEHUH 1101 HOMePOM 6 (MHIYKTUBHbIE UCKAKEHMST).

Ecau cunrars, 4To nogKII0UeHNE PA3BA3BIBAIONINX KOH/IEHCATOPOB MIMH MUTAHUS
BBIIIOJIHEHO [IPABUJIBHO, C UCIIOJIb30BAHKEM Pa3IeIbHbIX OOPATHBIX IIPOBOLOB 3eMJIH,
TO B 9TOM CJIyYae MyJIbCAIlUU U NCKAKEHUsT MOTYT TIOMACTh B YCUIUTEh TOJIBKO HETIO-
Cpe/ICTBEHHO 13 cxeMbl. VIcX0/1s1 3 CBOEro JIMYHOTO OTIbITa, ABTOP KHUTHU CYUTAET, YTO
€CJIM yCUJINTEIb U3TOTOBJIEH 3ALIAIIEHHBIM OT IyJIbCaluii ipu paboTe, To OH OyAeT Beer-
J1a 3AIMUIIEH OT BKJIAIA TAKUX COCTABJIAIONINX UCKAKEHIH, KaK IMTUHBI TUTAHWS; 3TO CMe-
Jioe 3astBJieHIe TPeOYeT, TeM He MEHEE, CEPhE3HBIX Pas3bsiCHEHUI.

[Tpeskzie Bcero Ha BBIXO/IE TOJIKHBI OTCYTCTBOBATD MYJILCAITMY TIPU HArpy3Ke, T.€. TPU
HaJIMIUY 3HAYUTETBHBIX 110 aMILTUTY/IE TYJIbCAITUI HA TINHAX TTUTAHS.

Ecnu B ycmsmrene knacca B ypoBeHb Iysibcaliuii Ha BBIXO/I€ UBMEPSIETCS B PEsKUME
[IOKOS, TO Ha IMHAX [TUTAaHUS aMILITY/AA [yJbcaliil OyaeT OueHb Maja U Pe3yJIbTaT
M3MEPEeHNH OKa)KeTCsT OUeHb HETIJIOXUM; OJTHAKO TO He /IaeT HUKAKOW YBEPEHHOCTH, YTO
(oHoBBII HIyM He OyeT 100aBjIeH K CUTHAJLY, KOTAa YCUIUTEIb paboTaeT 1 oTpedJiser
3HAUUTETHHBIN 110 BEJIMYMHE TOK OT HAKOMUTETBHBIX KOH/IEHCATOPOB. MeTo/1 CrieKTpaJib-
HOT'O aHa/IM3a MOT Obl OBITh UCIIOJIb30BAH /IS TOTO, YTOOBI OTAEINTD IIyIbCALIMU OT CUT-
HaJia TIpU BO30Y/KIEHUM YCUJIMTEISl CUTHAJIOM, OJHAKO OyJIeT IIpolile He 1moJaBaTh Ha
YCUJIATENIb BO30YKAAIOMINIA CUTHAJ M MICKYCCTBEHHO BO3OYIUTD Iy IbCALIMI Ha BBICOKO-
BOJIBTHBIX IITWHAX ITyTEM TIOAKTIOYEHUS K HUM MTOJIXO/ISAIIETO TI0 TapaMeTpaM Pe3ncTopa;
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MNcTouHmnk McTouHmnk OKOHEYHbI
Toka ToKa ycunutenb
nnddepeHumansHoro  Cxema yeunutens Ha COCTaBHbIX
Kackaga CMELLEHUs  HanpskeHns TpaH3ucTopax
000000
R4
150 Om D1,D2 1N4148
TR1
MPSA92
BxoaHoit
addepeHumanbHblin
yeunutens
R19 10 Om
R2
22 0m 0,22 0Om
L
Bbixoa,
MopcTporika
TR2 Hynsa
C110/63® _{ Mpsag2 R8 10 KOMm 00C R17
Bxog, 4 ™ 0,22 Om
TR3 R9 R18
MPSA92 500 Om < 10 0Om
C2200/63 ® , TR9 C6
«3emns» 727 ca100n)| } (E) MJ4502 100 Hb
| ¢ TR8
BXOJIHOrO MJE350
curHana
TR10 TR4
TR11
MPSA42 MPSA42 MPSA42
R6
68 Om

TokoBoe OMUTTEPHBI Yeunurtens
3epkano NMOBTOPUTESNb HanpsiXeHus

Puc. 8.2. Cxema MCXoBHOTO yCUANTENS MOLLHOCTU C AMOAHBIM CMELLEHM-
€M N5 BXOQHOM 06LLeM WMHbI IMTAHMS M KACKAAA YCHAMUTENs HaNPSKEHMs

IIPU TIPOBEIEHUH MTO00HBIX UCTIBITAHUI aBTOP KHUTH OCTAHOBUJICS HA CTAHIAPTHU30BAH-
HOM 3HaueHnu, obecneuyrBaionemM norpedaenue roka 1 A. Takum 06pasoM, 0HOBPEMEH-
HO MOJKET HATPY/KaThCsl TOJIBKO OJ[HA IIMHA; TaK KaK MEXaHU3MbI OCJabJeHUsT [Tt
ILUTIOCOBOM MIMHBI V+ 1 MIUHYCOBO# V— COBEPIIEHHO PasJIuHbl, TAaKOH criocob obecrie-
qBaeT GOJIBIIOE TIPEUMYIIIECTBO.

Ot60p Toka 1 A ¢ MUHYCOBO#I MMHBI V— THIMYHOTO YCUJIUTEST MOIHOCTH, CXEMa
KOTOPOTO TIPUBeJ/ieHa Ha puc. 8.2, CHU3WJI U3MePsIeMbII BbIXO/HOM YPOBEHb ITyIbCAITUI
¢ —88 nb (mpenmytecTBEHHO TITyMOB) 710 3HaueHus —80 abu.

Bo BTOpBIX, aBTOP KHUTH TIOJIArAeT, YTO J06bIe (PUABTPYIOIINE 3JIEMEHThI IITHH MTa-
HUSI C POCTOM YacTOThI OyAyT paboTaTh ¢ TAKOI JKe WJIH Jaske BozpacTatolieil a(hekTrB-
HOCTBIO; 3TO COBEPIIEHHO HE TOJITTEKUT COMHEHUIO [T Pe3UCTUBHO-eMKOCTHBIX (RC)
(bUTBTPOB, OTHAKO HIKOMM 0OPa30M HE YCTAHOBJIEHO [IJIsT 9JIEKTPOHHBIX PA3BSI3bIBAIOIIIX
CPEJICTB, TAKWX, HAITPUMED, KaK 33j[aHue CMETIEeHI MCTOYHIKA TOKA C MCIIOJIb30BAaHIEM
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orputiatesbaoil OC, MeTOI, KOTOPBII UCTIOIH30BAJICS B CXEMe, PACCMOTPEHHOM B TJIaBe
6. (DTOT 1pUMep MPOJIEMOHCTPUPYET CHUKAIONIYIOCS 3(D(HEKTUBHOCTD C POCTOM YaCTO-
THI TIO MEPE TOTO, KaK COOCTBEHHOE YCHUJIeH e KOHTYPa CHIKaeTcst.) VTak, ecii ajieMeH-
TBI (COCTABAOIINE) UCKasKeHUH ¢ yacToTol Hike 100 T OyayT Huske YPOBHSI IIIyMa Ha
Pa3HOCTHON XapaKTEPUCTHKE CyMMAPHOTO KO(h(DUIMEHTA NCKAKEHUH, TO B 001IIEM CJIy-
Yae MOJKHO TIPUHSITH, YTO HCKAKEHUsT Ha G0JIee BHICOKUX YaCTOTAX TOKe OKAKYTCS He3a-
METHBIMU 1 He OY/IyT IaBaTh BKJIAAA B O0II[He MCKaKEHSI.

Yrobbl HAYaTh C PAAOM TPYAHBIX HKCIEPUMEHTAIBHBIX (HDAaKTOB, aBTOP KHUTH
HCIIOJI30BAJI YCUIUTETb MOIITHOCTH — MOAOGHBINA TOMY, 4TO n300paskeH Ha puc. 8.2 —
MUTAIONMICSA OT HECTAOMIN3UPOBAHHOTO UCTOUHWMKA TTUTAHUS, PACTIOIOKEHHOTO Ha
TOH K€ caMoil TleyaTHoOH 1saTe (Ba)KHOCTh TAKOTO COCEICTBA CTAHET SICHOM HEMHOTO
[OTOJIs1) ¥ BO30OYIKAAIOIIETO CPEHEKBAPATHIECKY IO MOTTHOCTH 140 BT B Harpysky
8 Om na wacrore 1 k[ Bsok mutanms mpencTaBisgya TPAAUITMOHHBIM MOCTOBOM
BBIIIPSIMUTENb, PAbOTAONIUNA HA HAKOMUTEJbHBIE KOHAEHCATOPBI € EMKOCTHIO
10.000 Mmx®D Ha KaKIYIO ITUHY.

[Tynpcarum nutanns ¢ 9actoToit 100 I'ip mpu aTuX ycaoBuax nmenn Bermanay 1 B
JIBOMHOTO aMITUTYIHOTO 3HadeHnd. Ha HUX HaKJIa[bIBaJUCh C YaCTOTOUW CUTHAJA
O’KM/laeMble 110JIyBOJIHOBbIE UMITYJIbCBI, U3MePseMble Ha y4acTKe JJOPOKKU [le4aTHON
MJIATHI IO TIIIABKOTO BBICOKOBOJBTHOTO MPEIOXPAHUTEIS, MX BEJIUINHA COCTABIISIA
npumeptro 100 MB gBoiiHOrO aMIIuTYIHOTO 3HAUYEeHUs. JTA BEJMUMHA y/IBANBAIACh
1o 3uadenus mpumepro 200 MB Ha BbIXO/le TJIABKOTO MPEOXPAHUTES — He3HAUM-
TeJIbHOE CONPOTUBJICHME TJIAaBKOI BCTaBKU Ha 6,3 A OKa3bIBaeTCA OCTATOYHBIM LIS
TOTO, YTOOBI YABOUTH MaciITab mpobeMbl, UMEHYeMOii Koa(hGUIIMEHTOM ocTabeH s
ucrounuka nurtanust, PSRR, moatomy Mesrpuaiinime jgetann KOHCTPYKTUBHBIX 0COOEH-
HOCTEH TeYaTHO AT U COETMHUTENBHBIX TTPOBOJIOB CAMOTO GJI0KA TTUTAHUST MOTYT
MPUBECTU K 3HAYMTETbHOMY POCTY BJUSIHUS JaHHOTO a(pderTa. (AMILIUTY /1A ITyJibca-
1uii ¢ yactoroit 100 I'i, koHeyHo, He U3MEHSJIACH OT CONPOTUBJICHUS IIJIABKOM BCTAB-
KU TIPEeIOXPAaHUTENS. )

Takum 06pa3oM, CTAHOBUTCST SICHBIM, UTO yJIyUIIEHIE XaPAKTEPUCTUK CO CTOPOHBI
repezalolieil CTopoHbl MOXKET 0Ka3aThCs, BEPOsTHEE BCEro, CJA0XKHBIM U JOPOTOCTOS-
UM IIPOIECCOM, TPEOYIOTUM TIPUMEHEHUS TPOBOTHIKOB CO CBEPXBBICOKUM CEUECHU-
eM U T.IL. JJI CHUKEHUS CONPOTHUBJIEHMS HAa ydyacTKe MEXK/Y HAKOIMTEeJIbHbIMU
KOH/IEHCATOPaMU U ycuJuTesgeM. [opaszio e Mmpolie U JelieByie B3IThCS 3a JeJ0 ¢
MPUHUMAIOIIEH CTOPOHBI, yaydliast 3HaueHue Koadduimenta ociabaeHnuss HCTOYHU-
ka nutanusd, PSRR, yennurens momaocTr. TouHO Takoi e MOAXOA TPUMEHUM U K
nysabcanuam ¢ yactotoir 100 I'1; eqnHCTBEHHBIN Ty Th YMEHBIIUTD UX aMIJIUTYAY —
9TO YBEIUYUTH EMKOCTh HAKOMUTETbHBIX KOHIEHCATOPOB, YTO MOTPEOYET 3HAYNTENb-
HBIX JIONOJHUTEIBHBIX 3aTPAT.

8.3. dunocodus paspaboTku npodbnembi ko3 dpuLmeHTa NnogaBneHNs
LINH NcToYHMKa nutaHus, PSRR.
[Ipesxne Bcero caenyet y6€Jj[I/ITbCH, YTO COCTABJISAIONIAS Y IbCAIUI B BBIXOJTHOM IITYMO-

BOM CUTHAJIe YCUJIUTEJIS C HYJIEBBIM BBIXOZHBIM TOKOM IIOKOS IIPE/ICTABIISACT He3HAUU-
TENBHYIO 010, ITO OBIIO OB B 3HAUNTENBHON Mepe TTPOCTO, eCTH ObI TYIbCATIH



294| TNABA 8. UCTOYHUKU MUTAHUA U KOO DPULIMEHT NOJABJIEHUS

UCTOYHUKA ITUTAHUST OKA3JIUCh MUHUMAJTbHBIMU; JII0OOBIE COCTABJISIONINE € YACTOTOI
50 T'11, ckopee Beero, SIBJISLIUCH OBl Pe3yJIbTaTOM MarHUTHBIX HABOZOK OT TpaHChopMa-
TOpA U JOJIKHDI O GbI HCKJIFOUYEHBI B TIEPBYIO OUEPE/lb MEPAMU, HATIPABIECHHBIMU HA
COBEPIIIEHCTBOBAHNE KOHCTPYKIIUU.

Bo-BTOpBIX, OcTaTOYHAsT (Pa3HOCTHAS ) XapaKTePUCTHKA KOA(DUImeHTa HeJIMHENHBIX
UCKaKEHUH MCCIEYETCs TIPK YCIOBUH MOJHON HATPY3KH (BO3OY/KICHMUS) YCUIUTEIS;
COCTABJISIONIAS MTYJIbCAIHIA B HTOM CJIydae OKa3bIBAETCS BIIOJTHE OUEBU/IHOM, TaK KaK OHU
ITPOTUBHO CMETAIOTCST (KaK ObI CKOJIB3SIT) BIIOJIb CUTHAJIA ICKAKEeHUH (TIPY YCIIOBUH, 4TO
ocuIorpad CHHXPOHU3UPYETCST TECTOBBIM CUTHAIOM). M B KavecTBe APYTOTO 06IIEro
[IPABUJIA; €CJIN YCUJIUTENb M3TOTOBJIEH TaK, YTO OH YUCTO 3PUTEJIHHO CBOOOJIEH OT MPO-
6uieM (apTeaKkToB) CHHXPOHU3AINH Ty JIbCAIMI Ha OCTATOYHOI (PasHOCTHOIT) XapaKTe-
pucTHKe Koa(hdUIneHTa HeTMHEIHBIX UCKasKEHWH, TO B HEM HE OKaKETCST OTTPEIEISIeMbIX
NpUOOPHBIMU METO/IAMH UCKAKEHU T, CBA3aHHBIX C IIMHAMU MTATAHVSL.

Ha xoaddunmente nogapnaenns ncrounuka nmutanust, PSRR, cuibiee Bcero ckasbli-
Baetcst jeiicteue RC-duibTpa yCUInuTENsT MOIHOCTH, COOPAHHOTO U3 JAUCKPETHBIX
aneMeHTOB. OTHAKO OH OKasKeTCs Ma0ah(GeKTUBHBIM IIPOTUB BIUSHUS CUTHAIA OYeHb
HU3KUX 4acTOT, Jexanux zHrske 5O 11, KoTopbIil BOSHUKAET M3-32 KPATKOCPOYHBIX U3Me-
HEHMUIT CETEBOr0 HANPSIKEHUST, OTPAKAIOIIUXCST B U3MEHEHUU HATIPSIKEH S ITUHBI BBICO-
KOBOJIbTHOTO HanpsikeHust. Cxema, oJHOCThIO OCHOBbIBatomasics Ha RC- dunbTpax,
MOJKET UMeTh HU3KWe 3HAYeHUs MyJIbCAllULl TIePEMEHHOTO TOKA, OJIHAKO, BepOsITHee
BCero, Gy/IEeT XapaKTepU30BaTHCST HEPETYIISIPHBIMU CKAYKaMU 1 MTOEPTHBAHUSAMY Ha Pas-
HOCTHOM XapaKTepUCTUKe CyMMapHOTO KoahuilneHTa HeJInHeHHbIX ncKaxkennit. Cie-
JIOBATEJBHO, TIEIeCO06Pa3HO UCTIOMB30BAHNE UCTOUYHIKA TOCTOSTHHOTO TOKa B 00IIeil
BXO/THOI I[ENTN MCTOYHMKA MUTAHKS 1 KACKaJIe YCUIUTE TSI HATIPSIKEHHUSI JJTsI TOTO, YTOOBI
YCTaHOBUTH paboune pesKUMbI G0JIee TOUHO (CTPOro).

CranmapTHOe 3HaueHne K0ahdUIMeHTa Mo/jaBlIeHnsT NCTouHnKa Tutannsi, PSRR,
TSI OTIEPAIIIOHHOTO YCUJIUTEJST BBIPAKAETCS B JenuOesax moTeph MeKIY KaKIon
IIMHON NUTaHW U [ depeHITaTbHbIM CUTHAJIOM HA BXOJIAX, IaBasi B PE3yJIbTaTe BeJIH-
YUHY, KOTOpas He 3aBUCHUT OT KoadduimenTa ycuaeHns 3aMKHyToii menn. OIHaKo B
JIAHHOI KHWTE aBTOP MCIOJIb30BAJl TIOTEPH, BHIPAKEHHBIE B IEIUOEIax, MEK/Y MIUHOI
[MUTAHUS U BBIXOJOM B OOBIYHOI HEMHBEPTUPYIOIIEi KOHpUTrypamnun ¢ koahduiimeH-
oM yeusienus C/L, paBupiM 26,4 1B. 9710 KoaduimenT ycuieHus 1menm paccMaTpruBa-
€MOTO YCUJIUTEJISI, YTO TI03BOJISIET CBSI3BIBATH 3HAYEHMS TIOTEPb, BBHIPAKEHHBIX B
Jerubesiax, HeloCPEICTBEHHO C TIOKA3aHUSIMU, BBIBOJIMMBIMY HA 9KPaH UCIIBITATETbHON
anmaparyphl.

Eciit mocMoTpeTh Ha cxeMy puc. 8.2, TO CTAHOBUTCS OUEBHIHBIM, UTO JIEOOOE MECTO
MOJKJII0UeHNs K KaK/JOU U3 BBICOKOBOJIbTHOU IIVH TIPE/ICTABJISIET BEPOSITHYIO TOUKY
BBO/Ia mynbcanuii. /[nHamMuka n3amMeHeHus KoadduimenTa mogaBJIeHNs NCTOYHNKA
nutanust, PSRR, 1 kax10ii U3 mMuH NUTaHUST COBEPIIEHHO PA3JIUYHA, TI0OITOMY KasK-
Jlast U3 ABYX IIUH TUTAHUS aHATU3UPYETCS 110 OTAETBHOCTH.

8.4. MNopaBneHue BAUSAHUA NIOCOBOMN LLUNHbI MUTAHUS

TouykaM¥ UHKEKIMU TLTF0COBO# MHMHBL V+, KOTOPBIE JIOJIKHBI OBITH PACCMOTPEHBI CO
BCell OCTOPOIKHOCTDIO, SIBIISIOTCST OOTIAST TIHA TUTAHUST BXOAHO TTaphl U KOJUTEKTOPHAST
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Harpyska Kackaja ycuauress Hanpsikerust. CylecTByeT J0CTaTouHo ciaboe MCKyIe-
HU€ UCII0JIb30BaTh CaMblil 0ObIYHbII 00111 pe3rcTop IuHbI nTanus (auddepenimaib-
HOTO YCHJIUTEJIS) I/ BXO/Ia; 9KOHOMUsI OYAeT KOIEEUHO, a MPOSBJICHUE MyIbCallnil
HeaJIeKBaTHOE, JIasKe C MCTIOJIb30BAHUEM Pa3BsI3bIBAIOIIEN cpeiHeli Touku. Ha npakTuke
BeJIMUMHA TAKOIO OOLIEro Pe3rcropa ey IuTanus cocrasisiia Obr 22 kOM, 4TO 1Ipu
UCIIOTh30BaHNU TTporpaMMbl MoziesinpoBanust SPICE naet 3Hauenre HU3KOYaCTOTHOTO
ko3 duimenTa nopapienus ucrounnka muranust, PSRR, pasrnoe —120 nb, nis cayvas
HEBBIPOKIAEHHON M depeHITnaTbHON Maphl ¢ TOKOBBIM 3€PKAIOM.

3amena mogo6HOTO OOIIEro PE3UCTOPA MU MUTAHNS OOBIYHBIM UCTOYHUKOM TOKA
yIIyUIIaeT moJIoKeHue e, obecneunBas sHauenve —164 nb, mpu ycsioBuu, 4T0 HCTOY-
HUK UMEET YMCTOe HAIPSIKeHNe cMelllenusd. Yaydnienue Ha 44 1b manpsimyio cBs3a-
HO ¢ 60J1ee BBICOKUM BBIXOIHBIM IIOJHBIM KOMILIEKCHBIM COIIPOTUBJIEHUEM MCTOUHUKA
TOKa [10 CPABHEHUIO ¢ OOIIM PE3UCTOPOM NN TUTAHUST; /IS IPUBEIEHHBIX HA CXeMe
3HaueHui oHO OyzeT cocTaBidTh 4,6 MOM, a yactHoe oT feseHus 4,6 MOm/22 kOm
cocraBjisieT 46 1B, uTo saeT oyeHb Xopoliee coBrageHne. Tak Kak MaJOBEPOSITHO,
4TOObI CUTHAJ IMIMHBI IIMTaHUs IpeBbimai Beanunny +10 b, To ganHble 3HaYeHMs
mpuBesan Obl K MAKCUMAJIbHON BeJMUNHE IIyJIbCal[Ui Ha BBIXO/E, paBHO# —154 nbu.

W3amepsiemblii ypoBeHb IryMa (B COOTHOIIEHUH «CUTHAJI-TIIYM» ) PEaJTbHOTO YCUJIUTE-
Jig (TIpU 3TOM TIyJIbCAITMH UCKJI0UYenbl) coctaBasi —94,2 nb (EIN = —121,4 nbu), npu-
yeM OCHOBHOW BKJIAJ /IaBaJl yM J[>KOHCOHA 9MUTTEPHBIX PE3UCTOPOB BbIPOKAEHUS U
nens obmeit orpunarensaoil OC. Briaan my/bcarnuii oO1meil muHbl TUTanus ObLI, CJe-
noBaresbHo, Ha 60 1B HUKe yPOBHS MTyMa, YTO TTO3BOJISIET, 0 MHEHUIO aBTOPA KHUTH,
npexe6pedb M.

O/HaKo B peaJibHOU KU3HU HalIPSAKEHKe CMeIeHus: 001ero HCTOYHUKA TUTaHIs
HUKOT/A He OyIeT healbHbIM; OHO Oy/IeT IoAaBaThCs OT IIF0COBOM MmuHbI V+, ¢ 6e3Ha-
JIEZKHO TIPUCYTCTBYIONIUMU B Hell myJibcaiusiMu. KiiaccuuecKuM MeTOJ/I0M CUMTAETCS
HCTIOJIb30BAHNE «TTAPhl KPEMHHUEBBIX /IN0/I0B>; UCIIOJIBb30BAHNE CBETOUBIIYYAIOTNX JIHO-
JI0B 00eCIIedrBaeT MPeKPACHYIO TEMIIEPATyPHYIO0 KOMIIEHCAIIIO, OQHAKO, II0400HasI TOY-
HOCTb B MOJIEP’KAHUN YCJIOBU IO TTOCTOSTHHOM COCTABJISIONIEH, CKOpee BCEeTo, IIPOCTO
HU K ueMy. MoKeT 0Kas3aThCsl HeOOXOAMMBIM II0JaBaTh HAIIPSKEHUE CMEIIEeH s Ha KOJI-
JIEKTOP KAaCKaJla YCUJIUTEST HANIPSIKEHWST MCTOYHUKA TOKA TOYHO TaKOU JKe BeJIMUUHBbI,
YTO MCKJII0YAET BCE, YTO IIPEBBIIIAeT 3HaYeHKe B OJUH MJIH Ba BoJbTa. CTabUINTPOH ¢
pabounm Hanpszkennem 10 B Mor 661 0Ka3aTbest IOAXOASAIIIM JJISI 3alaHUsT CMEIIEeH IS
001I1ero NCTOYHMKA TN TaHUsT (TIPY YCJIOBUHU TIPUHITHSI COOTBETCTBYIOIIIX MEP, TPEIOT-
BPALIAIONIIX TeHEPAIMIO IIYMa ), OJHAKO JAHHbIA METO/] CEPbE3HO OIPAHUYNJI Obl BEJIU-
YUHY JOCTHKMMOIO pa3Maxa I0JIO)KUTEJbHOIO HaIPSKEeHUsT KacKaja yCUJIUTEs
HaIpsKeHWSI.

Cxema cMmeltienus ¢ ucroJib3oBanuem orputiaresibuoit OC, ucnosib30BaHHASI B CXEME,
paccMOTPEHHOI B ritaBe 6, obecieunBaer Jydiiee 6a30Boe 3HaueHre Koa(GuIimenTa
rnojiaBjenust ucTounuka muranus, PSRR, 1o cpaBuenuio ¢ auomamu, rmpasja, 1eHoI0
HEKOTOPOTO CHUKEHUsI KO PUIMEHTA YCUIEHMsI. DTOT COcoO COBEPIIEHHO HE TaK
XOPOIII, KaK CBETOMU3JIYYaloIie JUOAbI, OZHAKO 60jIee HU3KOE FeHePUPYEMOe HallpsiKe-
Hue GOJIbIIIe TOAXOMUT JJIS 3aaHIs CMelleHNst NCTOYHIKA KacKa/la YCUIUTeIs Hallpsi-
JKeHUS. JTO Pasjnure CTAHOBUTCS KJIACCUYECKUM B TOM CJIydae, ecyiy it CpeHein
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TOYKM 1eTTM CMEIeHU K IJII0COBOM 1He V+ B KauecTBe (DUIbTPa NCIOJIb3YETCS KOH-
JeHcatop ¢ eMKocThio 47 MKD, kak 310 ipuBoanTes B Tabir. 8.1 (ato korgencarop C11
Ha cxeMe, TPUBEIEHHOI Ha puc. 8.2).

[lpyroii npumep. [lis ycuanresns, TpUBEIECHHOTO HA cXeMe puc. 8.2, y KOTOPOTO
HCIIOJIb3YETCS INO/IHAS CXeMa CMEIIeHUS U OTCYTCTBYeT (PUIIbTP LIEeNN CMEIeH s, YPO-
BEHbB BBIXOIHBIX ITyJIbCAIUN cOCTaBAeT -74 nbu; mpu ncnoab3oBaany GUIBTPYIOMIETO
KoHzieHcaTopa eMKoCcThio 47 MkDiiosiokenue yaydiiaercs (yPOBeHb IyJIbCAIII TOCTH-
raet 3uHavenus -92 nbu), a ucnospzosanue emkoctu 220 Mk® cHUKAET MOKA3aHUS
U3MepeHui HIKe YPOBHS ITyMa.

Tabnmua 8.1.
C pa3BsI3bIBAIOIIHM
Be3 pa3Bsi3bIBaKOIIEro
A G ] KOH/IEHCATOPOM

eMKOCTBI0 47 MKD
JBa auona -65 n1b —-87 nb
CBeTOU3ITy YA JTHO/ —77 nb -86 nb
Otpunarensras OC ¢ MaxbIM
3HaYeHHEM K03 hHUIeHTa —74 nb —-86 n1b
YCHIIEHHS
Otpunarensaas OC ¢ BEICOKUM
3HAYCHUEM KO3((PHITHEHTA =77 1b —86 1b
YCHIIEHUS

Ha puc. 8.3 npuBoagaTcs pe3y/ibTaTbl MOAEAUPOBAHUS C UCIIOJIb30BAaHUEM [IPOIPaM-
Mmbl SPICE 151 yeumureist, m1300pakeHHOIo Ha cXeMe puc. 8.2, IPU 9TOM CHHYCOUAAJIb-
HBII curaai ¢ yposHeM 0 1B momgaercs To1bKo Ha 11iocoByio iy V+. IIpu 6osbimom
3HAUEHUN eMKOCTH pasBsi3biBatoliiero kouaeHcaropa Cdecouple (Takom, Haripumep, Kak
100 mx®) yayumiaercss HY 3navenne koadduimeHTa mojaBiaeHust HCTOYHUKA ITATA-
Hust, PSRR, npumepno Ha 20 gB, 4To MOIJIo OBl CHU3UT OCTATOUHBIE MYJIbCAIINU HUKE
ypoBHA 1rymMa. OHAKO MPOIOJIKAET AeHCTBOBATD APYTOH, He 3aBUCSIIUI OT YaCTOTHI
MexaHu3M Ha yposHe ripumepHo —70 nb. IIporecc nsyuenns koacdduimenTa mojane-
Hus uctouynnka mutannsi, PSRR, ouers curbHO HATOMWHAET YHUCTKY JIYKA: TIOCTEI0BA-
TEJILHO CUUIIAETCS CJION 3a CJIOEM, CJIOH 3a CJI0eM 1 OECKOHEUHbIE CJIE3bI, TEKYIINE 13
rias... [Ipu BceM 5TOM Takske OcTaeTcst CyniecTBOBaTh KaHayu BY nHKeKnuu, HaumHao-
miics mpuMepHo ¢ yactoTel 100 kI'1r (puc. 8.3), Ha KOTOPBIH MPAaKTUYECKU He BO3IEH-
CTBYeT pa3Bs3Ka I10 1elH CMellleHUS.

Jlo HEKOTOPOU crerieHn Oy AeT IPOIe BMECTO TOI0, YTOObI BITATHC JOKAIIbIBATHCS
JI0 TOYHOTO MeXaHM3Ma B HUIKeJIeXkalleM cjioe, ucnoyb3oBatb RC ¢uabtp png V+
HUCTOYHUKA TIPU MUTAHUK BXOAHON Mapbl (IIPH 9TOM He UMeeT GOJIBIIOr0 3HAUEHUS,
OyIeT Jiu CYIIECTBOBATH Pa3Bsi3Ka HCTOUHMKA MTUTAHUS KACKA/[A YCUJIUTEIsT HATIPSTKe-
HUSI WJIU HET), TaK KaK MOTePs HECKOJBKUX BOJIBT HE MMeET OOJIBIIOrO 3HAUEHUSI.
Ha puc. 8.4 npojieMOHCTPUPOBAaH OYeHb BbIPA3UTEIbHbBIN 3P @PEKT TAKOTO BJIUSTHUSI
B 06JTaCTH CPEIHUX YACTOT, T/I€ YXO YeJOBEKA UPE3BBIYANHO YYBCTBUTENBHO K (HOHY
IIyJIbCALU.



8.4. MOAABJIEHUE BAIMAHUSA NJIIOCOBOW LUMHbI MUTAHUSA [297

-20
e
.
-60 T N g
\ /
-804
-1004
-120+
-140 . . . . .
10Ty 100 Iy 1kMy 10 Ky 100 Ky, 1My, 10 MIy
Yactota
Puc. 8.3. Mopasnexne nniocoBoM WKHbI MUTAHMS; PE3YNLTAT PA3BA3KM
uenu cmeweqns R21, R22 obuiero MCTOYHMKA TOKA KOHAEHCATOPOM,
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Puc. 8.4. Mopasnexne nniocoBoM WmHbI NUTAHKMS; Mcnonb3osaHue RC-
bUNLTPA WMHBI MUTAHKS BXOAHOTO KACKAAQ, COCTOSLLENO U3 pesncTopa
100 Om 1 kongencatopa c emkoctbio 0, 10 1 100 mk®. Macwrab rpa-
buka TaKo# Xxe, 4To M Ha puc. 8.3
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8.5. NopaBneHne MMHyCOBOVI LUAHbI NCTOYHUKA NUTaHUA

MunycoBas nimHa nmuTanus V— mpecTaBisieT OCHOBHOW TYTh JIJIsT MHKEKIIMH ITyJIbCa-
1IUH, a TaKKe BeCbMa KPEINKUii opeliiek /yisl aHain3sa. I[poBepeHHbIN TPaKTUKOH TTOKO-
JgeHuil Meroy ananusza Boabpa-Denca [V.N.2](Walf-Fence) npennaraer pasaeants
mpobyieMy Ha JIBE U PEIIaTh UX HE3aBUCUMO: U B JAHHOM CJIydYae, CIydae COXPaHHOCTH
OBeIl, BO3/IBUTACTCS 3alUTHBII Gapbep npuMeHerneM RC-(GubTpa K MaJOCUTHATIBHO-
My 6JIOKY (T.e. BXOZHOMY TOKOBOMY 3€pPKaJly M SOMUTTEPY KaCKaja yCUJIUTE s HATIPsIKe-
HUST), OCTaBJSsT BBIXOMHOW KacKag € eIWHUYHBIM KO3(h(GUITMEHTOM YCUIEHUS
MTOJIHOCTBIO TIO/IBEPKEHHBIM TTYJIbCAI[UAM IMUHBI MUTAHWUS. BBIXOMHBIE MyJIbCAITNN
OBICTPO MCYE3AIOT, IOKA3bIBAS, YTO HAIIl ITPOKOPJIMBBIA BOJIK IPOTUCKUBAETCS Yepes
KaCKaJl YCUJNTENST HANIPSKEH U MW HUDKHUE (110 TPUHIUITHATIBHOM cXeMe ) 9JIeMeHThI
BXOJHOI1 aphI, 1100 Ke Cpasy STHMU ABYMsI Iy TSIMU, @ BBIXOJAHOM KacKa/ OCTAETCs IIPU
aToM addexTrBHO 3anuiieHHbM. Caenatb 4To-HUOYAb ellle, yBeandnBaloiiee adek-
TUBHOCTbD 3aAIIUTHI, HEBO3MOKHO, TAK KAK TOKOBOE 3ePKAJIO JIOJIZKHO OCTABATHCS MO/ TEM
JKe CaMBbIM TIOCTOSTHHBIM HAIPSKEHUEM, UTO U KacKaJl YCUIUTeNs HanpsokeHus. Moje-
siupoBanue ¢ npumenenrieM nmporpammbl SPICE xapakrepuctuk ycuauress 1 ¢ ucrob-
30BaHUeM MepeMeHHoro curHaja Beqnunnoit 1 B (0 1bV) na munycosoit mune V—
MPUBONT K BUAY XapaKTePUCTUK KO3 dUITMeHTa To/JaBJIeHNS UCTOYHUKA TTUTAHUS,

AMP2PSRR.CIR Small-sig amp, mirror, VAS v EF & current-source load
Date/Time run: 12/24/94 Temperature: 25,0
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Puc. 8.5. KoadpdunupeHt nopasnenmns MuHycosom wiuHbl, PSRR, namensercs
B 30BUCMMOCTM OT BENH4MHBI eMKOCTU koHaeHcatopa Cdom cnoxHbim 0bpa-
30M; ONTUMANbHLIM 3Ha4YeHMeM siensetcs ennumHa 100 nd. Sto noareep-
XAAET Hanuyue cBoeobpasHoro 3pdekTa AHHYNMPOBAHUS BO3AENCTBMS
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PSRR, uzo6paskeHHBIX Ha pUC. 8.5, IPU 9TOM HCIIOJIb30BAINUCh Pa3/IMyHble 3HAYEHUS
emrocTi koHeHcaTopa Cdom. Kak u patee, B JaHHOM cJiydae Takke HabJIio1aeTest 1Ba
PeKUMAa: O/IUH YIaCTOK IJIOCKuUii ¢ 3HauenureM —50 1B u BTopoii Bo3pacTaionuii, co CKo-
pocTbio 6 15 /oKTaBy, YTO TPUBOMUT K MBICJIH O HAJIMYHH, TI0 KpaiiHeil Mepe, IBYX He3a-
BUCHUMBIX MEXAaHU3MOB HHKEKIUU. DTO IMONO3PeHUEe T0JIyYaeT BECbMa COJIHIHOE
MOATBEPKIEHNUE, TAK KAK [IPpU yBesndeHnu eMKocTu KoHgencaropa Cdom BY yuacrok
koadurrenTa mogasaeHns ucrounuka nuranus, PSRR, 8 o6smactu 100 Ty yuryurra-
€TCsl, IOCTUTAsT MAKCUMAJIbHOTO 3HAUEHNS, & 3aTeM OISATh YXY/IIAeTCs, T.€. CYIeCTBYeT
olnrTMMasibHOe 3HaueHue BeJmurHbl eMkocT Cdom, pasroe npumepto 100 md, urto yka-
3bIBaET Ha CBOCOOPasHbIN adekT aHHyMnpoBanus Bosaeiictsus. (Heobxoanmo HaroM-
HUTBD, YTO B CJIydae TIIOCOBOI MIMHBI V + U3MeHeHUe BeJTMYNHBI EMKOCTH KOH/IEHCATOPA
Cdom oka3biBaIo 0YeHb HE3HAYUTETHHOE BIUSHIE. )

OcnoBHbIM MexanmamMoM umxkeknuu HY mynbcamuii siBasgercss addexr Mpamn,
HaOJI0AAIOMIMIACA B TPAH3UCTOPAX BXOAHON Mapbl, KOTOPBIN onpeneser miockuin HY
yuacTok Ha ypoBHe —50 1B Ha KpuBoii 1, ipuBeentoii puc. 8.7, 1Jist cTaHAaPTHON BXOJI-
HOM e (COOTBETCTBYIONIEN cxeMe Ha puc. 8.5 ¢ Benmnunnoii emxoctu Cdom = 100
nd).

JLj1s1 Toro 4T06bI yCTpaHuTh 9TOT 3(pheKT, He0OX0AUMO H0O6ABUTH BO BXOAHOM KacKa|
KaCKOZHYIO CXeMY, Kak 9T0 n300pasxkeHo Ha puc. 8.6. Ona nojgep;KuBaer MoCTOSHHOE

V+
McTo4HMK
ToKa
R2 R3
TR2
Tp1  MPSA92 Tp2
5 C BbIxoaa
TR20 11 Kackopa
C BbIxopa
MPSA92 TR21 |—nm¢¢epeuumaanoro
MPSA92 cC Kackaga
5B 100n® YCUNMTESIO
R Hanps>XeHns
p
TR10 TR11
MPSA42 MPSA42
R6 R7
68 Om 68 Om
® V-

Puc. 8.6. BxogHoit kackag c Mcnonb3osaHuem kackogHoi cxemsl; Q21
1 Q22 [V.N.3] — npenstcTaytoT NoCTynneHuio nepeMeHHOM CoCTaBnsio-
wWwen MMHYcoBOM WHbI V- Ha KonnekTopel TpaHaucropos TR2 u TR3, a
takke ynyywaiot HY y4acrok koapdpuumeHTa nogasneHms UCToYHMKa
nutanus, PSRR. Touka B npeacrasnset ansTepHaTMBHYIO TOYKY ANs NOA-
knoyenus kongencaropa Cdom ans kackogHoi kKomneHcauum
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3HaueHNe HAIIPSKEHUsT Vee BXOIHOM maphl, paBHoe 5 B, xapakTepucTuKn u3MeHeHHON
CXEMBI COOTBETCTBYIOT 3aBUCUMOCTH 2 Ha puc. 8.7. HY 1mockuii yuacToK B JAaHHOM CJTy-
yae Haxoautcsd Ha 30 1B Huxe, xotsa BY wacTtb koadduiinenTa NogaBIeHUs HCTOYHUKA
mutanust, PSRR, Heckosbko yxyauuiack. Peakius Ha usmenenve esmarabl Cdom B
JAHHOM CJTy9ae HOCUT MOHOTOHHBII XapaKTep: €€ MOKHO BBIPA3UTh IIPOCTOH 3aBUCUMO-
cThI0 — ueM GoJrbliie BesimurHa eMkocTu Cdom, TeM MeHbIe Koa(hOUIHEHT To1aBJIe-
Hus ncrouynuka mmrannst, PSRR. Takoe mosnoxenue fes BasieTcst XOPOITUM TPU3HAKOM
TOTO, YTO OJUH M3 ABYX YaCTHYHO aHHYJIUPYIOUIMX MEXaHU3MOB WHIKEKIIUU OBLJT JINK-
BU/IMPOBAH.

3/1ech CKPBIBAETCS OUEHD TOHKOE pasjinure. Bbio Obl eCTeCTBEHHBIM ITPUHSTD, YTO
apdbext Wpsu Bo BXOAHOI Mape U3MeHSET TOK CUTHAJA, OT/laBaeMblii 13 BXOIHOTO
KacKa/la B KaCKaJl yCUINTEJST HATPSIKEHN s, OTHAKO 3TO He TaK; Ha CAMOM JieJie 3TOT TOK
He uaMeHsteTcs. UTo u3MeHsIeTCst, TaK 9TO 1[eJIOCTHOCTh YMEHbIIEeHNsT 0OPaTHON CBSA3H,
BBITIOTHSIEMON BXO/THOH TIApOif; MOy JISATINS KOJIJIEKTOPHBIX HANIPSKeHW Vee TpaH3n-
cropoB TR1, TR2 3acTaBjisieT M3MEHATHCS BLIXOAHON CUTHAI B 00JIACTU CPEIHUX YACTOT
3a cuer jeiictBus obuieit oOpaTHOIL cBA3K. 3MeHeHUs cTeneHu BauaHUA d(dexrTa
WNpau B Tpansucropax TR1, TR2 myrem namenenus mapamerpa VAF (Hanps:xkerus
oTceyku Vpin) B MOziesIn TPAH3UCTOPA, BBIIIOJHEHHOM € MCIIOIb30BAaHUEM METOJUKU

AMP2PSRR.CIR Small-sig amp, mirror, VAS v EF & current-source load
Date/Time run: 12/24/94 Temperature: 25,0

-120 T T T T T
10 My 100 My 1Ky 10 kly 100 kI 1My 10 My

Yacrora

Puc. 8.7. 3asucumocts 1 npepcrasnset ko3dppUUMEHT NoAaBneHUs
ucTouHnka nutanms, PSRR, MuHycoBoM wuHbl Ans cnyyas craHaapTHOro
BX0Ad. 3aBUCMMOCTb 2 NOKA3LIBAET, KOK KACKOAMPOBAHWE BXOZHOO
KOCKQAQ yny4lIaeT NoJABAEHUE WHHbI TUTAHKS. 3aBUCUMOCTb 3 EMOH-
CTpUpYeT panbHelwee ynyylweHUe, AOCTUTAEMOE [OMONHUTENbHbIM
oTK/oYeHHUeM KonnekTopa TpaH3uctopa TR12 ot MuHycoBoM wmHbl V—
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MojtesmpoBanust PSpice, M3MeH:1710 BBICOTY MJIOCKOTO YYacTKa Ha 3aBUCUMOCTH 1; Hanx-
YAINN crydail MHKeKIMU HabJIIoajIics IIPYU caMOM HU3KOM 3HaueHun napamerpa VAF
(1.e. HaTIpsIKEHME Vee OKa3bIBAIO MAKCUMAJIbHBIN 3 (eKT HA BETNYNHY KOJIJIEKTOPHO-
ro toka Ic), uto, COGCTBEHHO, U UIMEET CMBICIIL.

IIpu 5TOM IPOIOJKAET COXPAHATHCA IIOCKUAN YIaCTOK B 00JIaCTH CPEAHUX YACTOT,
XOTsI OH Telepb HaxoauTes yxke B auanasone —80, a He —50 aB. OOIIMpHbIe SKCIIEPIMEH-
TBI IIOKA3AJIN, YTO HTO TIPOUCXOUT ITO]] BAUSHUEM UCTOUHUKA KOJITIEKTOPHOTO HATIPSIKE-
Hust Tpansucropa TR12, dakrop, yBeanyuBaonmii ycuaeHne Kackajia yCUJINUTEJs
HAIPSKEHWsT, KOTOPBI U3MEHseT Vce U TIoJIaeT OTIOTHUTENbHBII CUTHAJ BO BHYTPEH-
HIOIO TIeTTh KACKa/la YCUJINTEIST HATIPSIKEeHUS elile pas 3a cuet acdekra Mpmu. Ito mpo-
sBieHue Jjerko squished (mopasisieTcst — Takske CHHOHUMBL: 3aTJIKUBATh, YCMUPSITh,
XJIIOTIATh, YaBKATb...) MIyTeM OTKJIIOYEHUS KoJuleKTopa Tpansucrtopa TR12 oT munyc-
OBOW MUHBI V —, PN 3TOM TIOCKUM CPEIHEYACTOTHBIN YYaCTOK CHUKAETCST /10 3HAUEHUST
—95 1B, T71e, 110 MHEHUIO aBTOPA KHUTH, OH 1 MOJKET OBITh OCTABJIEH HA HEKOTOPOE BPEMSI.
(Cwm. 3aBuCUMOCTD 3 Ha puc. 8.7.)

CuncTuB, TakUM 00pa3oM, IBa CJI0s ¢ TPOOIeMbl KOa(hUIIHeHTa TTOIABJICHUST HCTOY-
Huka nutanusg, PSRR, craHoBUTCS HEOOXOAMMBIM YTO-TO CAEJIATH ¢ BO3PACTAIOIIEN
MHKEKIed TPy yBeJndeHnn yacToThl Boiie sHavenns 100 T'u. Ecom ot o6paTuth-
¢ K cXeMe, MPUBEJCHHON Ha puc. 8.2, TO BUIHO, YTO KACKAJ YCUIUTENS HATIPSIKCHIS
HeMe/JIEeHHO TIpUBJIEKaeT BHUMaHWe, KaK HavyajgbHas (MCXO/HAs) TOYKA.

JloCTaTOYHO YacTO W MHOTOCJIOBHO JIOKA3BIBAETCS, UTO MOAOOHbBIE KAacKa[bl OYEHb
YCITENTHO TTPOTUBOCTOST Ty IbCAIUSM, TOCTYTIAIONINM HEITOCPE/ICTBEHHO Yepe3 KOH/IeH ca-
top Cdom, KOTOPBIiA caMbIM TIEPBBIM OKa3bIBAETCS TIO/I [TOA03PEHIEM, COCANHSISI MUHYC-
OBYIO MIMHY V— C KOJUIEKTOPOM ycuJiurtesst Hanpsikerust. OJIHAKO 9TO TOJIOCJIOBHOE
yYTBep:K/IeHNe He COOTBETCTBYET UCTHUHE. B mpoitecce MoieTMpoBaHns BO3MOKHO pa3Me-
CTUTD WJieaJIbHbI Oy(hepHbIil KacKa ¢ eAUHUYHBIM KOI(MOUIMEHTOM YCUTIEHUS MEK LY
KOJLZIEKTOPOM KacKajla yCUIIUTE IS HalpsikeHus 1 Kongencaropom Cdom, npuyem 6e3 Bes-
KUX TIPO0JIEM, CBSI3aHHBIX € YCTOMUMBOCTBIO cxeMbl (310 A1 Ha pric. 8.8), uto abcomoTHO
TOYHO IIPEJIOTBPATUT HETIOCPEJCTBEHHOE MTPOXOJK/IEHIE CUTHAJIA OT MUHYCOBOH IUHbBI V—
Ha KOJUIEKTOD KacKaja yCUJINTE s HanpsikeHus yepes KoHzpercarop Cdom; mpu atom
KoauimenT noasienns nctounuka nutanus, PSRR, coBepiiientno ne namensiercst.

Hecmotpst Ha To uto KongercaTtop Cdom ObLI UCK/IIOYEH KakK MPIMOI KaHal JJis
nepeaun myabcaruit, Koa(duimenT nogasaeHmns ucrounnka nurtanus, PSRR, ocraer-
¢ TIO-TIPpEsKHEMY BeCbMa YYBCTBUTEIHHBIM K BEJIMYMHE EMKOCTH 3TOT0O KOH/IeHcaropa. B
peasibHOCTH UMetonuiics KoadduimeHT yenmenust otputiaresabHoit OC gaBisieTcst 1oMu-
HUPYIOMIUM (PAaKTOPOM JIJIsl TIO/IaBJIEHUS [TePelaun yJIbCallUil ¢ MUHYCOBOH IUHBI V—
, HO BJIMSTHUE 3TUX JIBYX BEJIMYMH B aKyCTUYECKOM /IMATNIa30HE OU€Hb YACTO OKA3bIBACTCS
MIPUMEPHO OJIUHAKOBBIM.

Cxema mocTpoeHus 0ObIYHOTO YCUINTEISI, KOTOPYIO CO BCell Hen30esKHOCThIO IIPH-
XOZIUTCST WCCJIE0OBATH, BKIIOYAET KACKAJ[ YCUJIUTENS HATIPSIKEHUS, MOAKIIOYCHHBIN
K OJ{HOI W3 IIUH IIMTaHUsT; B IIPOTUBHOM CJlydae OKas3aJoch Obl IIPOCTO HEBO3MOKHbBIM
MTOJIyYNTh TIOJIHBIN pazMax aMIINTYyHOTO Hanpstkenust. CieoBaTesibHO, B KA4ecTBe
OTIOPHOM TOYKH JIJIT BXOJIA KACKaIa YCUIUTENS HAPSIKEHUS T0JKHA UCTIOBb30BAThCS
MUHYCOBas MMUHA V—, TTO3TOMY CTAaHOBUTCSI BECbMA BEPOSITHBIM, UTO TAKOE U3MEHEHUE
OTIOPHOM TOYKHU OT 3€MJIM K MUHYCOBOH muHE V— MOXET CTaTh OCHOBHOHN NTPUYNHON
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00C
V+
McTouHMK
TOKa +1
>— Bobixon
R999
22 KOm

TR4
MPSA42

V-

Puc. 8.9. KoHuentyansHas Mogens, Mcnonb3yemas np1 MOREAMpO-
saHnn metogom SPICE koadpdpuumnenta nopaenenms, PSRR, munycosom
WHbI V— UCTOYHUKA MUTAHMS NPU HAAMHUM TONKO KOCKOAQ YCUauTe-
NS HAMPSXEHUs C PeanbHbIMM 3HAYEHWUSMU HOMWHONOB 3NEMEHTOB
cxemsl. Pesnctop R999 mogenupyer Harpysky kackaga ycunutens
HANPSXEeHHs

npojposKaonieiicss nnxekuu. Ha nepBbiil B3ris, odeHb TPYAHO JOOUTHCS, YTOObI
HMMEHHO KOJLIEKTOPHBIIL CUIHAJI KacKaaa YCUIUTES HAIIPSKEHUsI IPUBA3BIBAJICS Obl
OTHOCHUTEJILHO OTTOPHON TOYKH, TaK KaK y3eJ 3TON I[eNN COMEPKUT /iBa KOJJIEeKTopa
TPaH3UCTOPOB, BKJIIOYEHHBIX HABCTPEUY JIPYT JAPYTY, IPU 3TOM OTCYTCTBYIOT OIIpejie-
JISIOTUE JIAHHBIE JIJIST €0 PACTIOJIOKEHUST; OTBETOM Ha 9TU BOIIPOCHI SIBJISIETCS TO, UTO
1151 obmieit orpuniarenbaoil OC OmopHOI TOUKOM SIBJISETCS 3EMIL.

PaccmoTtpuM ycunmmresb, COKpanieHHbIH 10 KOHIIETTYaJIbHON MOJIEIH, TIPE/ICTaBJIeH-
HoIl Ha puc. 8.9, uMeloIell peasibHbIl KaCKajl YCUINTEIs HAIIPSKEHKs, 00 beJuHeHHbIN
C MJIeaIbHbIM YCUIUTEIEM TOKA, YIIpaBasieMbIM HanpskeHrneM G 1 6yhepHbIM KacKazoM
¢ eIMHUYHBIM KoaduitnenTom yeuaennst Al. Taxke 10/uKeH ObITh BKJIOUECH YCHIIU-
BaroInii KOG MUIMEHT YCUIEHUST KACKa/la YCUIUTEJS HANPsiKeHus Tpansuctop TR12,
OKas3bIBAIOIIN, KakK yke ObIJIO I0Ka3aHO, CUJIbHOE BIMsTHIE Ha KOa(DUIIMEHT MoiaBJie-
HuUs ucTouHuKa nutanus, PSRR, B o6jacTi cpeiHIX 4acToT.

Jlia Havasia HeOOXOAMMO BPEMEHHO yAaauTh 06uyio orpunarenbuyio OC, npu
ATOM MOCTOSHHOE BXOJIHOE HAINPSKEHUE YCTAHABINUBAETCS HA KPUTHYECKOM 3HAUE-
HUU, YTOOBI yePKUBATh YCUIUTENb B aKTUBHON o6acTu (onepanus, KoTopas 04eHb
MIPOCTO OCYIECTBJSETCS MPU MOJieJInpoBaHun ). [Ipu yBesimueHNM 4acTOThI MECTHAS
orpuniarenbtas OC, neiicrByioias yepe3 kougercarop Cdom, craHOBUTCS TIOCTOSTH-
HO Bce Goutee Bospacralolieil (9 deKTUBHOIT), a MOJHOe KOMILJIEKCHOE CONPOTHBJIE-
HHUe KOJUIEKTOPA KacKajla YCUJIUTeNd HamnpsKeHus cHukaercs. CremoBaTesbHO,
KOJLIEKTOP KacKaJa yCHJIUTe sl HAlPSIKeHWs CTaHOBUTCS Bee GoJiee U GoJiee CBA3AH-
HBIM 110 TIePEMEHHOI COCTABJISIONIEN ¢ MUHYCOBOW NIMHON V —, TIOKA TIPU IOCTATOYHO
BBICOKOI1 yacToTe (00buHO paBHOU npuMepHo 10 kI') KosddunrenT nogaBieHus
ncrouHnka muranust, PSRR, He npubiusuTes K npeaenbHoMy shauenuio 0 1b, u Bce
Ha MUHYCOBOH IITUHE V — HE «COJIbETCA» BMECTE Yepes eIMHUIHbIN K03 uIimenT ycu-
JIeHUs1, Kak rmokaszano Ha puc. 8.10.
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T T T T T 1

10Ty 100 Ny 1,0 KTy 10 kI, 100 Ty 1,0 My 10 MIy,
Yacrora

Puc. 8.10. Koadpduument nogasnenmns ucrounmka nutanms, PSRR, ans
CNy4as Pa3OMKHYTOM LeNH, PACCYMTAHHBIM AN MOLENM, KOTOpas npes-
CTABNEHA Ha cxeme puc. 8.8, AN pasnuuHbIX 3HOYEHUI EMKOCTM KOHAEH-
catropa Cdom. [ins yactot Huxe 1 kly npeacrasneHo aeiicTeuTensHoe
3Ha4YeHne K03PDULMEHTA YCHIeHUs

-80

-120 T T T T T
10y 100 Ny 1,0 Ky 10Ky 100 KTy 1,0 My 10 My,
Yacrora

Puc. 8.11. Koadpduument nogasnenmns ucrounmka nutanms, PSRR, ana
Cy4as 3aMKHYTOM LeNM M PACCYUTAHHBIM ANt MOAENH, NPEACTABNEHHOM
Ha cxeMe puc. 8.9, Ans PasAMyYHBIX 3HAYEHMI EMKOCTM KOHAEHCaTopa
Cdom, nossonsiowmx uameHsTb k03GPULUEHT yCUNEHUS OTPULLATENBHOM
OC ans 3aMKHYTOM Lenu
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3J1eCh, OIHAKO, BOSHUKAIOT JIOTOJTHUTEIbHBIE CJIOKHOCTH; KOMOUHAIMSI U3 TPAH3UCTO-
poB TR12/TR4 neitcTBUTEIHHO OTTpe/ieieT yerieHne Ha HU3KMX YacTOTaX yJacTKa Iernn
OT MUHYCOBOU IIHUHBI V— JI0 BBIXO/Ia; 9TO onpezeisercs addexrom Vpau, ocobeHHo B
tpansuctope TR12, ecsim tpansuctop TR12 He yuacTBOBa B CHUZKEHNN HU3KOYACTOTHO-
ro KoadurmenTa yeuaeHns pasoMKHYTOMH TIeNn /10 BeJIMIUHBI TpuMepHo —6 1b.

Ha puc. 8.11 gemoncTpupyercst BecbMa 00HaIEKUBAIOINIIE PE3YIbTaThl KOHKYPEH-
MY B BeTuauHe KoadduimenTa mogapiaeHnus nctounnka nutanust, PSRR, a1 Bcero
YCUIIUTE s, U300PaKeHHOTO Ha puc. 8.7, B ciiyyae nepekyaioderust oOiei oTpunaTesnb-
noii OC. Mcnoabzosanuem o6mieit orputaresibioil OC BbIpaBHUBAETCA 3HAUYEHKE KOI(D-
(punmenTa ycurenus pazoMkuyTon renu npumepno Ha 10—15 nb, gero coBepuienno re
HabJmozaercs Ha puc. 8.11.

B stux ycroBusx orpuniatesibias OC mbITaeTcst OnpenesuTh BIXOIHOW CUTHAT yCH-
JIUTEJIS Yepes 1elb KOJIEKTOPa KacKaja YCUJINTe s HATPSKEH M, U ecJu Obl Takoe
yIpaBJIeHHe 0Ka3aa0Ch Obl COBEPIIEHHBIM 110 BIUAHIIO, KOIMOUIIMEHT MOAaBIeHI
UCTOYHUKA TTUTAHUST MOT ObI OKa3aThCst Oe3rpaHndHO GoJibiiiM. Ho aTo He COOTBETCTBY-
€T UICTUHHOMY TIOJIOJKEHUIO JIeJT, TaK Kak KoadduimenT ycunaenus orputiarespaoin OC
“MeeT KOHETHOE 3HAUCHUE U CHUKAETCS C YBEJTMUEHUEM YACTOTHI, TT03TOMY Koadhuiim-
eHT To/laBJeHus ucrounuka nutauusa, PSRR, nerpagupyer ¢ TouHo Takoii ske cKOpo-
CTBIO, C KaKOW CHMKaeTcs KO3a(p(PUIMEHT ycujeHusT Pa3oMKHyToH menu. Takoe
MOJIOKEHUE JIeJl MOJKHO BUJIETH TPU aHAJIN3€E TEXHUIECKHUX MACTOPTOB GOJIBIIOT0 KOJU-
YecTBa ONEePAIMOHHBIX YCUINUTENEH, Te Koo hUIINEeHT OoAaBIeHIs NICTOYHIKA TTHTAa-
nust, PSRR, MuHycoBoii mmHbl V— pe3Kko CHUKAETCs MOCJe JOCTUKEHUs YacTOThI
JOMHHAHTHOTO TI0JII0Ca, TPUHUMASI 3HAYEHUE JIJIsT OOBIYHOTO OTIEPAIHOHHOTO YCUITATE-
Jisl, y KOTOPOTO KacKa/l yCUTTUTEJIsI HAITPSKEHWS CBSI3aH ¢ MUHYCOBOM MTUHOW V —.

CTaHoOBUTCS COBEPIIIEHHO SICHBIM, YTO BICOKOE 3HaYeHue KO3 puimenTa ycuieHms
o6meit orpunarenbioil OC Ha HUBKHMX YaCTOTaX SIBJISIETCS JKU3HEHHO BaKHBIM (DaKTOPOM,
00€eCTIeYNBAOIINM OTCYTCTBHE UCKaKEHUI Ha MUHYcoBOl mHe V—. B Tase 4 panHoit
KHUTH aBTOP JI0CTATOYHO CAMOHA/IESTHHO TIPE/IIIONIOKII, YTO BUAMMAST IIUPUHA TTOJIOCHI
MIPOIYCKAHWUSI [7IT PA3OMKHYTOM I[EIT MOKET OBITh PACITUpPEHa BeCbMa 3HAUUTETBHO (6e3
U3MEHEeHUs! BemnHbl otputiareabHoit OC B 061aCTH BBICOKHMX YacTOT, Ha KOTOPBIX OHA
nMeeT 3HaueHue) 3a cueT yMeHbineHust HY koadduimenta ycunenus memnu; pesuctop ¢
BBICOKUM 3HaUeHUeM corporuiieHust Rnfb, mogkoueHHbII TapasieIbHO KOHIEHCATOPY
Cdom, ocymmectsasier 910. Ho BOT 4ero aBTop KHUTH He TOBOPILI, TAK 9TO TO, YTO GOTBIITOE
3HauyeHue Koadduimenta ycunenust obiieit orpuriatensaoil OC B obmact HY taxske Gec-
IIEHHO /I yasieHust (poHa iepeMeHHOTO TOKa; apTyMEHT, KOTOPBII TIPOIYCTUIIN T€, KTO

Tabnuua 8.2
R unenu orpunareasnoii OC Boixoansble nyabcanuu, 1b
OtcyTCcTBYET 83,3
470 kOm 85,0
200 kOMm 80,1
100 xOm 73,9
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-80 4

-12?0 My 106 My 1,dkru 10 'KrU, 10d Ky 1,0'Ml'u 10 My

Yacrora
Puc. 8.12. Mcnonbsoeanue BXOJHOM KACKOZHOM CXEMbI ANSi U3MEHEHMs
BENMYMHbI ONOpHOro Hanpsxexus konpeHcatopa Cdom. HY koadbduum-
eHT nogasneHuns uctounnka nutanms, PSRR, He namensietcs, ogHako cre-
neHb ero pacnpocTPaHeHWs B 0BNACTU BLICOKMX YACTOT 3HAUYMTENbHO

ysenuunsaetcs. (CpasHute ¢ 3aBncmoctbio 2 Ha puc. 8.7.)

AMP2PSR3.CIR Small-sig amp, morror, VSA v EF & current-source load. 23/12/94
Date/Time run: 12/24/94 00:44:02 Temperature: 25,0

| d

-40 4 .
Cpaspenut oTcyTCTBYET / v
N)M
~—

1000 md

-120 T T T T T
10Ty 100 Iy, 1,0y 10 kY, 100 KTy, 1,0 My 10 My
Yactora

Puc. 8.13. Mpumenenne RC-punbtpa ans MuHycoeoM wuke V- sddek-
TMBHO B 06NACTM CPEAHUX HOCTOT, OFHAKO, 3HAYMUTENBLHO MEHEE NONE3HO
B 061ACTU HU3KUX YACTOT, ACXKE NPU BENMYMHE EMKOCTU GUNLTPA, PaB-
Hor 100 mxD. Bennumna conpotuenetms R cocrasnser 10 Om

3alUIIaeT HU3Koe 3HaueHune Koadoduirenra ycunenus orputiatesibioit OC u B kauectBe
apryMeHTa UCIoJIb3yeT CKOpee Bepy, YeM 3/IPaBbIil CMBICIL.

B tabu1. 8.2 mpUBOISITCSI TaHHbBIE, KOTOPbIE MOKA3bIBAIOT, KAK YMEHbIIIEHUE KO3 DUIHEH-
ta obmieit orpuiareabioil OC, OCyIIeCTBIsEMOE TIyTeM YMEHbIIEHNsT BEJIMYUHBI COITPO-
TuBJIeHUsT pesrctopa Rnfb, yxyiaer mogassieHue my bcaruii B peajibHOM YCHTATEIIE.
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Jlo6paBIHCh IO CAMBIX HIJKHUX CJIOEB MEXaHM3Ma, BJIUSIONETO Ha KOA(PHUIIHEHT
MoJIaBJieHUst McToYHWKA nuTanus, PSRR, MuHycoBoii HbI, B HAIllEM TPABEHOM MUPE
BO3BHATPAKAECHUEM MOT Obl ObITh HOBBIH U HJIETAHTHBIA METOJ, MPEIOTBPAIIAIOIIIiT
nosiBJieHre (MHKEKIINIO ) TIOA0GHOTO po/a myJibcaruii. Takoit MeToI, pasyMeeTcst, Cyliie-
CTBYET B JIEHICTBUTEIBHOCTH, XOTsI, [10 MHEHUIO ABTOPA KHUTH, OH JI0 CUX TIOp HU pa3y He
MPUMEHSIICS B OTHOIIEHUH YCUIUTe el MottHocTH [S], [6]. CMmbic njien 3akiiiodaercst B
TOM, YTOOBI UBMEHUTD BEJMYUHY OIIOPHOTO HATIPSIKEHUST, TOCKOJIbKY MOCTOJIBKY B IIPO-
1iecc BoBseyeH Kouzercarop Cdom, orHocutensio semun. Puc. 8.6 mokasbiBaet, 4to
MOJKET OBITh HCIIOJIb30BAH METOJl KACKOAHOU KOMIIEHCAI[IH, OCYIIECTBISIEMbIN TIPOCTO
coequnenueM konziencaropa Cdom k Touke «B» BMecTo Toro, 4To6bI HCTIOJIB30BATh 0OBIY-
HOE MOAIK/IF0UeHNe 0a3bl KaCKa/[a yCUITUTEIs HATIPSKEHUST K Touke «A». Puc. 8.12 neMoH-
CTPUPYET, 4TO TAKOU 1puem ouenb apdexTuBeH, KOIMMUIMEHT MOABIEHIS UCTOYHUKA
nutanust, PSRR, na yactore 1 kIt yomyumaercs mourn ua 20 1b.

He coBceM sICHO, Oy/IeT Jin PElIeHNE 3IETaHTHBIM JIOO HET, HO CAMBIM ITPOCTHIM CIIOCO-
6GOM YMEHBIITHTD Ty JIbCAIIMU HUZKE YPOBHS IIyMa [TPE/ICTABJISETCS, YTO HA3BIBAETCST, METO]I
pelieHust «B J100», T.e. ucrnoab3oBanne RC-puibTpa st MUHYCOBOI IIIMHBI NCTOYHUKA
MUTAHKUS OTHOCUTEIBHO BXO[HOTO TOKOBOTO 3ePKaJia M KACKaJIa YCUIUTEJIST HATIPSIKEH S,
T.e. n36aBIeHNE OT UCKAKEHWH /[0 TOTO, KAK OHU TIOCTYTIAT B cXeMy. MOKeT ObITh 9TO I
TOTIOPHO, HO BechbMa 3((PEKTUBHO, YTO U JEMOHCTPUPYIOT 3aBUCUMOCTH Ha puc. 8.13.
JlocTikerre ipreMIeMBbIX 3HAUEHNH K0a(dUIIIEHTA TTOJABJIeHUST UCTOYHUKA TUTAHWS,
PSRR, tpebyet 60IbIIoro 3HaueHusT TIOCTOSTHHON BpeMeHr RC-Tier, a [7ist XapaKTepu-
CTHIK TI0 IOCTOSTHHOMN COCTABJISIONIEH — OCTaBAThCS B ICHCTBUTENIBHOCTH O€3 YITyqITeHHI,
OJIHAKO B PeaIbHOCTH MPOHUS 3aKJIIOUAETCST B TOM, YTO HEOOXOAUMOE TIPH COOTIOICHUI
ATUX YCJIOBUN TIa/IeHNe HAMPSIKEHYST Ha Pe3UCTOPe R HEOCpeiCTBEHHO YMeHbIaeT pa3-
Max aMILTUTYbI BBIXOJHOTO CUTHAJIA YCUJIUTEIS, & TAaK KaK MarimdecKoe YHUCI0 TOCTHKI-
MBIX BaTT MOITHOCTH YCUJIUTEJIS 3aBUCUT OT HATIPSLKEHUS BO BTOPOU CTETIEHH, 3TO MOKET
NPUBECTU K JIOCTOIHOMY YIUBJIEHVS PA3JINYUIO B HE COBCEM YECTHBIX 3HAYEHISX [IJIST KOM-
MEepUECKUX 00PasIoB (XOTsI, KOHEYHO, 5TO He OTHOCUTCS K BOCTIPUHUMAEMOIT Ha CJIYX TPOM-
KocTH). 3Hadenue conportusieHnsg 10 OM g TPUBENECHHON CXEeMbl ABIISAETCS
MaKCHMAaJIBHO JIOTTYCTIMbIM 3HAUeHUEM, Ia’Ke €CITU ATO IPUBEJIET K U3MEPSIEMOMY YMEHb-
MIEHUIO BBIXOJIHOTO CUTHa/A. BeamunHa ske eMKOCTH KOHJeHcaTopa (GUibTpa JA0JKHA
COCTaBJISATh, 110 KpaiiHeil Mepe, 220 MxD, ipuuem, GoJiblnee 3HaYeHNE OyaeT HeOOXOANMO,
€CJTH TIOHAZIOOUTCST M30ABUTHCS OT METHLUANTITIX HAMEKOB Ha Ty ThCATIHTL.

8.6. CNMUCOK ncnonb3oBaHHbIX NCTOYHUKOB
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3. Williams, T EMC For Product Designers pub Newnes (Butterworth-Heinemann)
1992, ISBN 0 7506 1264 9 ctp. 106.

4. Ball, G Distorting Power Supplies EW+WW, Dec 1990, ctp. 1084.

5. Ribner and Copeland Design Techniques for Cascoded CMOS Opamps IEEE J.
Solid-State Circuits, Dec 1984, cTp. 919.

6. Ahuja, B K Improved Frequency Compensation Technique for CMOS Opamp
IEEE J. Solid-State Circuits, Dec 1983, ctp. 629-633.



MnaBa 9. Ycunutenu mMoLwHOCTU Knacca A

9.1. NpepBapuTenbHble 3aMeyaHus

JlBa, HanboJiee IBHO GPOCAIOIIIXCS B IJia3a 0OCTOSTENBCTBA OTHOCUTENBHO YCUIIUTE-
Jieit, paboTaoIIuX B Kjaacce A, 3aK/II0YalOTCS B TOM, YTO OHU OTJIMYAIOTCS, IPEXKIE
BCero, KpaiiHe HU3KOH a3 (HEKTUBHOCTBIO M, TEM He MeHee, 06ecIednBaloT Ipu pabore
caMblil HU3KUI yPOBEHb HEJMHEHHBIX MCKaKeHU . VX HUKOT/Ia OKOHYaTe bHO U Gec-
[IOBOPOTHO HE BBITECHAT U3 YHOTPeOIeHNs YCUIUTE M Kiiacca B, u oHu Beerma OyayT
0OCTaBaThCSI BOKPYT HAC.

MomHoCTb, paccenBaemMasi yCUJIUTENEM KJjacca A B CTATUYECKOM peEXUME, PaBHA
YIBOEHHOW MaKCUMaJIBHOW BBIXOJHON MOIIHOCTH, YTO [€JlaeT HEeNPAKTUYHBIM UX
UCIIO/Nb30BAaHNe TIPY BBICOKHUX YPOBHSIX BBIXOAHON MOIIHOCTH, U OBLIO OBl 3aMeyaTeIb-
HO, eci Obl 9Ta 1pobiema Oblia CBA3aHA TOJBKO C ONPELeJEeHHBIM JUCKOMMDOPTOM
B JKapkue jietHue Mecsibl. OJIHAKO TIPUPOJIA YEJIOBEYECKOTO BOCIIPUATHS 3ByKA TaKO-
Ba, UTO BBIXO/[HASI MOITHOCTH YCUJIUTEJIS JTOJKHA TTOCTOSIHHO M 3HAYUTEBHO YBEJIN-
YIBATHCST, YTOOBI YEJOBEK MOT OIIYIIATh Bce OoJiece TPOMKIH 3BYK. YIBOCHUE YPOBHSI
3BYKOBOTO JIABJIEHUST — TO COBCEM HE OJ[HO U TO JK€, YTO BOCIIPUHUMAETCS KaK CyObek-
TUBHOE YBOEHWE TPOMKOCTH 3BYKa (TIOCTEMHSST XapaKTEPUCTUKA BBIIIE TTOPOTOBOTO
3HAYEHMs M3MEPSIETCs 0OBIYHO B COHAX, a He B AelnOe1ax ), HOTOMY yABOEHHE OIlyIIa-
€MOi1 4eJIOBEKOM CYGBEKTUBHON IPOMKOCTH TPeOYeT YBEJIUYEHHS YPOBHS 3BYKOBOTO
nasienus mout Ha 10 1B, a ve Ha 6 1B [1]. 9Ta 0cOOGEHHOCTD BOCIIPUATHS 3BYKa Opra-
HaMW YeJIOBeKa MPUBOJUT K TOMY, YTO MOITHOCTh YCUJIMTEJS JIOJKHA BO3PACTHU TIPU-
GJINBUTENBHO JECATUKPATHO, 8 He BUETBEPO, YTOOBI YBEIUIUTH CYOHEKTUBHO OIIyIIa-
eMyI0 TPOMKOCTH BJBoe. Il03TOMY TpOMKOCTH 3ByuYaHUs YCUJIUTEJNsS KJjacca B,
MMEIOIIEro BBIXOAHYI0 MOHIHOCTh 40 Bt, Oyzer He HAMHOTO TPEBHINIATH TPOMKOCTh
3By4aHus cBOoero cobpara, paboTaioniero B Kjiacce A ¥ MMEIONEro BbIXOAHYIO MOII-
HocTh 20 Br.

Jlns ycunuresieir Kiaacca A XapakTePHBI TPUTSITATEIbHAS MPOCTOTA U Oe3ymped-
HOCTb. DoJbliasi yacTh MCKaK€HW M MX MEXAHW3MOB, JIETATBHO PACCMOTPEHHBIX
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paHee, SIBJAIOTCS XapaKTePHBIMU JJIST yCUIUTeNel kiacca B, moatoMy coBepireHHO
6JIATOTIOTYYHO MOKHO 3a0bITh HETATUBHBIE SIBJIEHVS, CBSI3aHHBIE: C TIEPEXOIOM CUTHA-
JIa 4epes3 HyJIeBOU yPOBEHb U MPOIeccaMu B 6ase MpU BHIKIIOUEHUH IOy TIPOBOHUKO-
Boro anofa (MCKaskeHus, uMmemonme HoMepa 3b u 3c), ¢ HeTMHEHHOCTBIO HATPY3KU
KAacKaJla YCUJIUTeJI HapsiKeHus (UCKaKeHUst HOMeP 4), ¢ UHXKeKI[Uel oMeX U3 IUH
MCTOYHMKA THUTAHUS (MCKAKEHHUS] HOMED J), ¢ HABOJAKAMU OT TOKOB CETH HUTAHMS
(uckaskeHust Homep 6) U ¢ HEMPABWIHLHBIM BBIOOPOM TOUKH TIOAKJIIOUYEHUST 0OPATHOI
cBsi3u (UcKaxkeHust Homep 7). IIpobiieMa HecoriacoBaHHOCTH K03GhGUIMEHTOB yCuJie-
HUST BBIXOJIHBIX MOJIYIIPOBOHUKOBBIX TIPHOOPOB TaKKe MOKET OBbITh 3a0bITa.

EnuucTBeHHBIM peasbHbIM HEJIOCTATKOM YCHJIUTEJST Kaacca A sIBISIETCsT ero Head-
(beKTHBHOCTD, TOITOMY U OBLIO 3aTPAYeHO CO Beell HEM30EKHOCTHIO CTOIBKO YCUIUI
HAa TO, YTOOBI HAUTH KOMIIPOMEICCHOE pellieHIe, 00beANHSIOINIEE TOCTONHCTBA YCUITUTE-
seii kmaccoB A u B. Ha myTn koMImpomMuccoB TpagiMITMOHHBIA yCUIUTeNNb Kiracca AB He
[pejcTaBiseT coOOM JOCTATOYHO YAaYHbIi BapuaHT (CM. IJIaBbl 5 U 6 KHUIK), TaK KaK
npu mepexoze B obaactb AB peskoe, cryrneHyaroe usmenenue koadduipenra ycue-
HUSI BBI3BIBAET TEHEPAIIMIO 3HAYUTEIHHO GOJBIINX 10 BEJUYNHE UCKaKEHUI BBICOKOTO
MOPSIZIKA TI0 CPABHEHUIO C TEMH, YTO BO3HUKAIOT B ONTHUMAIBHO CMEIEHHOM YCHJIUTE-
se knacca B. Tem He MeHee, IPaBUJIBHO CIIPOEKTUPOBAHHBIN ycUauTe b Kiacca AB
JEACTBUTENHHO TIEPEXOUT B PEKUM PABOTHI YCUIIUTENS B KJacce A HUKE TTOPOTOBOI
obsact AB, cBOICTBO, He ABJAIONICECS TOCTYITHBIM JIJIST YCUIIUTENS Kaacca B.

[lpyruM BO3MOKHBIM KOMIIPOMUCCHBIM PellleHNeM SBJISETCS TaK Ha3bIBAeMBbIH, «He
MePeKIIIouaeMblii (He BBIKTIOYAEMBIN) YCUIUTENb, Y KOTOPOTO JIJisI BBIXOMHBIX IOJY-
[IPOBOAHUKOBBIX MPUOOPOB 3aJaH TaKOW pPexkuM pabOThl, TPU KOTOPOM II0 HUM
MTOCTOSIHHO MTPOTEKAET MUHUMAJIbHBIH 110 BesinunHe TOK. OIHAKO Heslb3sI CUYUTATD Ove-
BU/IHBIM, YTO HEOKMAHHOE Pe3KOe N3MEHEHUE B BEJIUYITHE POTEKATOIIET0 Yepes MpH-
60p TOKa B TIPOTHBOIIOJIOKHOCTD €0 MOJHOMY MPEKPAIIEeHNI0 00ECIIEUNBAET JIYUIIIe
YCJIOBUS B TOUKe TIepex0/ia CUTHAJIA Yepe3 HyJIeBOI ypoBeHb (B TOuke Kpoccosepa). Te
PasHOCTHbIE OCITIIJIOTPAMMBIL, KOTOPbIE OBLIN OIyOJUKOBaHBI, CKOPee CKIIOHHBI TIPOJIe-
MOHCTPUPOBATh, YTO B TOUKE KPOCCOBEPA, TEM He MeHee, CyIIECTBYeT HEKOTOPBIN POjL
paspeIBHOCTH [2].

Ewie ogHoil mOTE€HIIMAIBHON TPO6IEMOI ABAAETCS HAJIMYMe MAKCUMAIbHBIX I1YJIb-
caluii Ha IMWHAX MUTAHUS NTPU HYJIEBOM BBIXOJIHOM CUTHAJIE; KOA(DhUIIMEHT TIoaBe-
uusl wuH nutanus, PSRR, momxkeH BHIOMpaTbCd €O BCell TINATEIbHOCTHIO, €CJIU
HEOOXOIMMO IOJIYYUTh BIIOJHE YIOBJIETBOPUTEbHbBIE 3HAUECHHS 110 YPOBHIO IIIYMOB U
nyJbcannii. JlanHast mpobema periaeTcs A0CTaTOYHO IIPOCTO MEPaMU, IIPEAIOKEHHbI-
MU B TJIaBe 8 JaHHON KHUIM A1t 6a30BOM CXeMbl yeuyIuTe st Kiaacca B.

9.2. BapmaHTbl cxem ycunutenen knacca A n ux 3¢ ¢eKTMBHOCTb

CyriecTByeT cTaHAAPTHAS TOCIE0BATEIBbHOCTD, B KOTOPOU PacloiaraioTcd pas3jind-
Hble THIIbI YCUJIUTEIEN Kiacca A ¢ TOUKU 3peHust apGekTUBHOCTH X paboThl (1160
MIPOU3BOUTEIBHOCTH, UJIHU K.IL.JI.). CaMbIM ITPOCTHIM BAPUAHTOM CXEMBI SBJISETCS YCH-
JIUTENb ¢ HECUMMETPUYHBIM BBIXOJIOM U PE3UCTUBHON HArPY3KOii, M300paskeHHbII Ha
puc. 9.1a. Korma om morpebsieT BBIXOAHON TOK, BO3HUKAET HEM3OEKHOE TajeHUe
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HaNpsUKeHUsT Ha 3MUTTEPHOM COINPOTUBJIEHWM, OTPAHWYMBAIOIIEe WCIIOTh30BAHIE
OTPHUIATEBHON TTOJYBOJHBI BBIXOJIHOTO CUTHAJA, YTO TPUBOJIUT K BEJIMYUHE K. II. I
ycusuTesist Beero b B 12,5 % (kak ommbGOYHO YKa3aHo, 10 KpaiiHeil Mepe, B 0JIHOM
M3 CIPABOYHBIX MOCOGHH, MaKCHMajbHOe 3HaueHWe 3(h(EKTUBHOCTH OyaeT paBHO
25 %; TaKoll BBIBOJ [IEJIAETCST YACTUYHO HA TOM OCHOBAHUY, YTO MOIIHOCTD, KOTOPAsi He
paccemBaeTcst B KPEMHHEBOM MpHOOpe, BOOOIIE He J0JKHA YYUTHIBATLCS). Bee aTo
MOTJIO OBI TIPEICTABIATH CYrybo TEOPETHUECKUI MHTEPEC, U He OoJiee TOTOo, ecau Obl
COBCEM HEIaBHO He Oblia Obl MPOJEMOHCTPUPOBAHA CXEMA C HECUMMETPUYHBIM BBIXO-
nom, npezacrasiedtas (kommanueil) Fuller Audio. Kak coobmianoch, cxema obecredu-
BaeT BBIXOAHYIO MoinHocTh 10 BT mpu Besmunne norpebasgemoii momuoctu B 120 Br,
MIPU 3TOM, KaK W OXKHUIAJIOCh, U3 TIOJHOTO pa3Maxa aMILIUTY/bl BBIXOJHOTO CHTHAJIA
(ZIBOWHOTO aMILIUTYHOTO 3HAYEHNUsT) OTCEKANIACh YACTh, COOTBETCTBYIOIIAST OHOM 13
roJsipHocTH [3].

Cxema ycusutesist Kiacca A ¢ TOCTOSTHHBIM 10 BeJIMYMHE TOKOM | ITPeICTABIISIONIE-
ro cob6oii ropasno GoJiee COBEpIIEHHBIN BapuaHT, mokasana Ha puc. 9.16. Tok, morpe-
GJISTIEMBIIT PACIIONIOKEHHBIM (HIKE 10 CXeMe) MCTOYHUKOM TOCTOSTHHOTO TOKa, GoJiee
He CBsI3aH C HANPSDKEHUEM, TI09TOMY BBIXOJIHOE HANIPS)KEHNE MOXKET JIOCTUTATh 3HAYe-
HUsI, PABHOTO HANPSPKEHUIO HA MUHYCOBOH IIUHE TIPH AOCTYKUMBIX Ha IIPAKTHUKE 3HA-
YeHUsX TOKa B paboueit Touke BAX. (YcioBHOe 0003HAUEHNE, TPUMEHSIEMOE KaK Ha
cXeMax, Tak U Jlajiee 1o TEKCTY JIJIsI IAHHOTO TTapaMeTpa, — 1q.) Makcumanbuast ahdek-
TUBHOCTb Pa0OThI YCUJIUTEJST B 3TOM CJIydae YABAUBAETCsI, IOCTUTas 3HaYeHus: 25 %
OPU MAKCHMaJIBHOM YPOBHE BBIXOIHOW MOIIHOCTH; B KauyecTBe MpUMeEpa TMOA00HOrO
YCUJIATEsI ¢ BBIXOHOM MOITHOCTBIO, paBHOH 20 BT (1 ¢ GOJBIINM BEHTHISTOPOM
B IPHUJIAYY ), MOKHO pekoMenoBath pabory Henbcora (Nelson) [4]. B psine BapuanToB
aTO0#1 cxeMbl (Hanpumep, B pabore Kpesna {Krell}) pabouee sHaueHue ncroyHnka Toka
MOXKET TIePeKTI0YaThCs, YIPaBIeHNUE OCYIIEeCTBASETCS (JIOTUYECKON) CXEeMOW THTa
noise-gate.

PaboTta ycuinTe st o IBYXTAaKTHOM cXeMe ellle pa3 yABauBaeT €ro TOJHYIO BBIXO-
HYIO MOIIHOCTb, JIaBast B UTOTe HoJiee PEATbHOE JIJIST TIPAKTUIECKOTO TPUMEHEHMSI 3Ha-
YeHue K.I.11., paBHoe 50 %; 60JIbIIast 4acTh KOMMEPUYECKUX YCUIUTeNeH Kaacca A OTHO-
CUTCSI IMEHHO K 3TOM KaTeropuu. Pagmax aMIIJTUTY/Ibl KasK/I01 M3 BBIXO/IHBIX MTOJTYBOJIH
HAYMHAETCST OT HYJIEBOW OTMETKH, U4TO TO3BOJISIET YABOUTH TOK B paboueil Touke, 1q, a
MWHUMAaJTbHOE 3HAUeHNe HaPSKeHUs cOBMazaeT (Ha BpeMEHHOU AuarpamMMe) ¢ Mak-
CUMaJIbHBIM 3HAUEHUEM TOKA, TPUBO/ISI K YMEHBINEHHIO paccenBaeMoii MoiHoctu. [lpu
BCEM HTOM TaK’Ke IPUCYTCTBYET AOMOJHUTETHHBIN MHTPUTY IO MOMEHT, CBSI3aHHBIN
¢ u30aBJIEHNEM OT YE€THDBIX TADMOHUK, KOTOPbIE TEHEPUPYIOTCSI TIPH PabOTE BBIXOHBIX
MOJTYTTPOBOTHUKOBBIX TIPHOOPOB.

JIByxTakTHast paboTa CXeMbl MOXKET OBITh PealN30BaHa HECKOJIBKUMHU CHOCOGAMU.
CxeMbl, IpuBeieHHble HA puUC. 9.1B, T, TOKA3bIBAIOT HUXKHUI NCTOYHUK TOCTOSIHHOTO
TOKa 3aMEHEHHBIN YIpaBJsieMbIM HampstkeHueM uctodnukoM Toka (VCIS). Onnm
MOTYT BO3OYKIAaThCsA HEMOCPEACTBEHHO MPSAMOIL TIEII0 YCUANTES, KaK MOKa3aHo Ha
cxeMme puc. 9.18 [5], 160 TOKO-YIIPaBIISIOIIEH IEIbI0 OTPULIATENBHOM 0GPAaTHON CBS3H,
Kak rmokazaHo Ha cxeme puc. 9.1t [6]. [lepBblii U3 3TUX METOMOB CBOUM HEOCTATKOM
UMeeT TO, YTO KacKaj/l BBIMOJHSET YCHJIEHWE, pacimenutesb ¢aszpl Tpansucrtop TR1
yIBaWBaeT, KaK KACKaJl YCWJIUTENST HANPSUKEHUs; CIe/0BaTebHO, OTCYTCTBYET TOYKA
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Puc. 9.1. TpapuumoHHas nocnepoBaTensHoCTb 3pdEKTUBHOCTU CXEM
yeunutenen knacca A. Ha cxemax ¢ MHAEKCaMM B, T 1 fie NPeACTaBNEHbI
LOBYXTOKTHblE BAPWAHTBI CXEM, AN KOTopbIX K.n.g. gocturaetr 50 %.
Cxema, obo3HavenHas uHaekcom E, npeacraenset npocro kackag knac-
ca B c 6onee BLICOKMM 3HAYEHMEM HANPSKEHUS CMelenms Ve,
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TEITH, KOTOpast MOTJIa ObI BBICTYIIATH B KAYECTBE BXOJA /ISt BEIXOJIHOTO KACKaJla C /i~
HUYHBIM YCUJIEHUEM, JleTasi CXeMy O4YeHb CJIOKHON JIJIsl aHAN3a, TaK KaK MCKAKCHUS
KacKajia yCUJINTE sl HATIPSIKEHUS He MOTYT GBITh OT/IEJIEHBI O HETMHETHOCTH BBIXOIHO-
To Kackazia. Takxke OTCYTCTBYIOT TapaHTUU TOTO, YTO BEPXHUHN W HWKHUH (TI0 cxeme)
BBIXOJIHBIE TIOJIYIPOBOJAHUKOBBIE TIPUOOPBI GYAyT BO3OYKIATHCSA COOTBETCTBYIONIUM
1t kimacca A o6pasom; B pabore Jluncaes-Xyna (Linsley-Hood) [5] adbderTuBroe
3HaueHue Toka (paboueil Toukn) usMensieTcst 6osee yeM Ha 40% B TeueHUE EPUO/IA.

Bropoit mMerox opranuzanuu paboOThI MO ABYXTaKTHOW CXeMe, MPUBEIECHHBIN Ha
puc. 9.11, aBisieTcst 6osiee 3aCaYKUBAIOIINM TOBEPHSI, 1 ABTOP HACTOSIIENR KHUTH Pas-
paboTas Ha €ro OCHOBE HECKOJIbKO BAPHAHTOB CXEMbI, KOTOPBIE XOPOIIO MPOSIBIIN
cebst. HeroctaTkoM MepBOTO TTPOCTOTO M306PaKEHHOTO BapUaHTa SIBJISIETCS TO, YTO
HEOOXOMM CTAOMIN3UPOBAHHBIN UCTOUYHUK [TUTAHUS [IJISI TOTO, YTOOBI IIPEOTBPATUTE
MPOHUKHOBEHWE TYJIbCAIUI W3 MIWH MTHTAHVS, BRI3BAHHBIX HapyleHneM (pasapobie-
HUEM Ha YaCTH) YNpaBJeHWs TOKOBOH neTyid. CXeMbl TaKOTO THUTIA UMEIOT OTPaHUYeH-
HBIW JIMaTa30H yIpaBJeHus TOKOM — Ha cxeMme puc. 9.1t tpansuctop TR3 ne moxer
OBITH BKJIIOUEH TIOCJIE€ TOTO, KaK BEPXHUIT PUOOP OYAET MOTHOCTHIO BBIKIIOUEH (3aK-
PBIT) - TI09TOMY HUIKHUIT yIIpaBJsieMblil HanpsikeHneM ncrounuk toka, (VCIS), Gyner
He B COCTOSTHUM PearnpoBaTh Ha HeTpeIBUIEHHBbIE YBEJNUYEHNS BBIXOJHON HATPY3KHU.
ITpu TakoM Xxojie COOBITHIL He CYLIECTBYET CII0co6a 00PaTUThCS 3a MOMOIIBIO K CXEMe
Kiacca AB, 4To6BI IPOAOIKUTL PaGoOTy, a B YCHJIUTENE TIPOSBUTCS OfiHa M3 (hopM
ACMMETPUYHOTO KECTKOTO OrpaHndYeHUs (OTCEUeHUST ).

Camoli Jydirieil AByXTAKTHON CXEMOIl MPeJCTABJSIETCS Ta, KOTOPasl IPeNCTaBIeHa
Ha puc. 9.1, KOTOpass ¥ BBITJISAUT AOCTATOYHO XOPOINo 3HakoMoi. ITomoOHO BceM
OOBIYHBIM KacKajaM KJacca B, vcciieoBaHHBIX B TJaBax 5 u 6, jaHHas cxema Oyjer
3¢ GheKTUBHO paboTaTh B PEKUME YHCTOTO IBYXKACKAIHOTO YCUJIEHUS KIacca A, eciu
HATPSIKEHUE CMEIEHUsT TOKOsT OYIET YBEJIUUEHO B IOCTATOYHON CTEIIEHH; €r0 ITPEBbI-
I[IeHUE HaJl PEKUMOM, obeciednBaoIuM paboTy B kiaacce B, cocrasiisier, kak mpaBuio,
700 MB, B 3aBHCUMOCTH OT BEJIWYUHBI CONPOTUBJIEHUN IMHUTTEPHBIX PE3UCTOPOB.
B kauecTBe mpuMepa cxeMbl YCUJAUTENs Kiacca B ¢ GoJbIInM HaNpsiKeHUEM cMeliie-
HUSI MOKHO oOpaTtuthes K paGore Henbcona-/Ixonca (Nelson-Jones) [7]. danHas
cXeMa MMeeT TO OOJBIINOE MPEUMYIIECTBO, YTO, CTOJKHYBIIICH ¢ HEOKUIAHHO HU3KUM
3HAYEHUEM TIOJHOTO KOMILIEKCHOTO COTIPOTUBJIEHUsI HATPY3KH, OHa OGynaer paboTarh
B peskuMe Kiacca AB. XapaKTepuUCTHKU HCKayKeHUH OyIyT TMOAYUHEHBI He TOJHKO
PEKUMY Kylacca A, HO TaKXKe ¥ PEXKUMY ONTHMATBHO-CMENEHHOTO YCUIUTENs KIacca
B Bbile ypoBHS Tepexo/a K Kiaaccy AB, ofiHaKo Bce UCKasKEHUST MOTYT OBbITh CBEJCHBI
K OYeHb HU3KOMY YPOBHIO COOTBETCTBYIOIIEHN CXeMHON MPOPabOTKOIA.

[TpuHIMTIMANTBEHO cXeMa IBYXTAKTHOTO YCUJIUTENST NMeeT MaKCUMAJIbHYIO a(dek-
TUBHOCTb, paBHYIO 50 %, OJIHAKO OHA JOCTUTAETCS TOJIBKO MIPU MAKCHUMATHHOM BBIXOJI-
HOM CHUTHAJIe CUHYCOUIAJIBbHON (POPMBI; U3-32 OUE€Hb BBICOKOTO OTHOIIEHUST ITMKOBOTO
3HAUEHUST MY3BIKAJTBHOTO CUTHAJA K €r0 CPeIHEMY 3HAUEHUIO YCPETHEHHOEe 3HAUeHWE
s dexktuBHOCTH PabOTHl YCUIUTEIA HE IIPEBBINIAET, CKOpee Bcero, sHadenus 10%,
Jaske TIPU MaKCHMaJbHOH T'DOMKOCTU TIepell MOMEHTOM HACTYILJIEHUS OYEeBHIHOTO
OTPAaHWYECHUS CUTHATIA.

OHUM 13 BO3MOKHBIX PEHICHUH MPOOIEMBI SIBJISIETCS UCMOTB30BAHKE 3aBUCUMOTO
OT YPOBHS CHUTHAaJla M3MEHEHWS HAINPSDKEHUS TMUH MUTAHUS YCUJIWTENS KJjacca A,
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BBINOJHEHHOE JIKOO ¢ IPUMEHEHHEM OTIEIbHOIO YCUIUTE s Kiiacca B, 6o Moy -
POBAHHOTO MMITYJIbCHOTO CTOUHMKA TuTanust. O6a BapuaHTa 06eCIIeYnBAOT BBICOKYIO
BBIXO/IHYIO MOIIHOCTb, HO IPEIIOJAraloT UCIOJb30BaHne 3(h(MEKTUBHBIX JIOMOJIHU-
TEJILHBIX CXEMHBIX PEIICHUN U J00aBJISAIOT Psiji MPUBOIAIINX B YHBIHUE YHCTO KOH-
CTPYKTOPCKUX IIPOOIIEM.

Ycunurennb knacca B mumeeT orpaHnueHHbIE BO3SMOKHOCTU 110 YPOBHIO HANPSKEHUS
BBIXOJIHOTO CUTHAJIA, OJJHAKO OH 00JIaJIacT BBICOKOU THOKOCTHIO OTHOCUTEBHO U3MeHe-
HUS BEJIMYUHBI [IOJIHOTO KOMILIEKCHOTO COIPOTHBJIEHIS HArPY3KK; OOJIBIIMI TOK HAYM-
HAEeT TIPOTEKATh MPOCTO 1Mo Mepe HeobxoanmocT. OMHAKO YCUIUTE b KIacca A UMeeT
TaKKe OTPAHUYEHUST U TT0 BEJMUNHE TOKA, MOCTE TPEO/I0IeHNsT KOTOPOTO OH TIEPEXONT
B pexkuM paboThl kiacca AB u moatomy Tepsier cBou raison d'etre. BeiGop 3HaueHwUii,
3a/1al0IKX [10J10KeHne paboyeil Touky Ha BAX, ornpezesisier ocHOBHbBIE TPOOJIEMBI, CBSI-
3aHHBIE C TEIJIOBOM YCTOWYNBOCTHIO U CTOUMOCTBIO JIeTaJIeN KOHCTPYKIIUHU; [TO9TOMY pac-
YeT CXeMbI YCHIIUTENS Kiiacca A TpeOyeT nepeli HadyaaoM paboThl OY€Hb YETKOTO MPEICTa-
BJIEHIS O TOM, KaKasl BeJIMYKMHA [T0JIHOI0 KOMILIEKCHOIO COIIPOTUBJIEHHSI HATPY3KK Oyaer
BO30Y/KIaThCS U3 YCJIOBHI PabOThI B UMCTOM peskuMe Kiracca A. Pacuers, HeOOXOAUMBbIE
IUISL OIIpefieieHNs BeJIMYMHBL TOKa B pabodell Touke Iq, ABASIOTCSA IPSMBIMU, XOTSI U
JUTMHHBIMH, TIPU YCJIOBUU, YTO BEJIMYUHBI TYJIbCAIIUN UCTOUHUKA MTUTAHUS, KOJUIEKTOP-
HBIX HANPsKEHUN HAChIeHns Vee(sat), aKTUBHBIX TIOTEPh U T. 1., OKA3bIBAIOTCS OTIpe-
JIeIEHHBIMHE, TI03TOMY aBTOP KHUTH ITPUBOUT TOJIBKO PE3yJIbTaThl TAKKX pacueToB. ([Ipu
pacuerax IPUHUMAETCS, YTO UCIIOJIb3YETCsT HeCTaOMIN3UPOBAHHBIN NCTOYHUK MTUTAHMSI,
UMETONTUI HAaKOTIUTETbHBIH KoHmeHcaTop eMKocThio 10000 MxMD.)

s yeunuresnst morHocThio 20 Bt 1 conporusiienneM Harpysku 8 Om morpebyer-
CsI HaNpsDKeHNe Ha IMWHAX MUTaHus Topsiaka +/— 24 B 1 BesmumHa TOKa, 3a1a01ero
oJIoKeHue paboueii Touky, pasHas 1,15 A. Eciiu 9Tu mapaMeTpsl pacipOCTPaHUTh IS
cirydasi, 4ToObl 0OECTIEUUTh TIPUMEPHO TAaKOe JKe 3HAUeHHe Pa3Maxa aMILIUTYIHOTO
HaIPSKEHUST JIST HATPY3KU BeTMunHoi 4 OM, TO BBIXOJHAS MOIIHOCTH BO3PACTET [0
37 Br, a 11t coXpaHeHUs peskuMa paBoThl YCHIUTES B KJ1acce A TOK B paboueil Touke
JIOJIDKEH BO3PAcTu /1o 3Havenus 2,16 A, moutu yjiBauBasi BEIMYMHY paccernBaeMoil ycu-
JIUTeJIeM MOIIHOCTH. Eciin, ofiHAKO, MOJIHBI pasMaX HalpPssKeHUs OyleT IPUKJIajbl-
BaThCs K HArpy3sKe ¢ corporusiienneM 6 OM (XapakTepHOU [Jist GOJBIIOTO KOJUYECTBA
JOCTOMHBIX YBa)KEeHM TPOMKOIOBOPUTEIEl ), TO BeIMUMHA TOKA B paboueii TouKe JoJI-
JKHa OBITH YBeJUYEHA BCETO JIMIIh 10 3HaueHus 1,5 A; u3 4ero, coGCTBEHHO TOBOPH,
aBTOpP KHUTM M NPUHUMAET BEJUYMHY TOKA, OINPEIEJSIONIEro MooKeHne paboyeid
TOYKH, paBHOIi 1,6 A, obecriednBasi HEKOTOPBIN 3a11ac U3 COOOpaXKkeHit 6e301aCHOCTH.

9.3. BbixogHOW Kackap, ycunuTenen knacca A

3/tech aBTOP KHUTH PACCMATPHUBAET TOMOJIOTHIO TOJIBKO Kacka/ia Kiacca B ¢ yBesuen-
HBIM HalpsKeHUeM CMEIIeHUs], TaK Kak, BEPosITHee BCETO, MMEHHO OHA TPeJICTaBIISIET
co00ii Hanay4IIee npubIKeHne K Uealy U I03BOJSET PEIIUTh IPOOIeMbL, IPeACcTa-
BJIEHHBIE B IpyTux MeTtozax. Ha puc. 9.2 npe/icTaBieHsl pe3yabTaThl MOIETUPOBAHNS
C UCI0JIb30BaHNEM KoMITbioTepHOH riporpammbl SPICE KoJ1IeKTOPHBIX TOKOB B 3aBH-
CUMOCTH OT BBIXO/IHOTO HAIPSKEHUS, a TAKXKE CYMMY 3TUX TOKOB. DTOT CyMMAapHbIN
TOK ITOJIYIPOBOIHUKOBBIX TPUOOPOB SIBJISIETCS, B IPUHIIKIIE, TIOCTOSTHHOW BETUMYNHON
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OUTEFA2C.CIR: EF O/P, MPSA42/92, MJ802/4502. 02/08/93
Date/Time run: 12/01/93 21:22:27 Temperature: 25 C
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BxogHoe Hanpsixeue

Puc. 9.2. XapakTep n3MeHeHUsi TOKOB B BbIXOAHbIX MONYNPOBOAHUKO-
BbIX IPUBOPAX ANS ABYXTAKTHOTO yeunutens, pabotaiowwero B knacce A.
CyMMa TOKOB SBNISIETCA MOYTH MOCTOSIHHOM BENMYMHOM, 4TO ynpolaet
30AQ4Y 3040HMS HAMPSKEHNS CMELLeHMs!

JUIST YCUJTUTEJIEN Kinacca A, XOTsI ¢ TOYKU 3PEHUsT IOCTHKEHUST MUHUMAJIbHOTO 3Have-
HUs Koa(uilneHTa HeJIMHEHHBIX NCKAKEHUIA 9TO He 06s13aTe/IbHO JOJKHO ObITh Tak;
BBIXO/[HOU CUTHAJI TIPEICTABISAET COOO0I Pa3HOCTH TOKOB MOJIYIIPOBOIHUKOBBIX TIPHGO-
POB ¥ He CBSI3aH HEIOCPEICTBEHHO C UX CyMMapHbIM 3HaueHneM. OIHAKO 3HAYNTEb-
HbIe OTKJIOHEHUS OT 9TOTO YCJIOBUS MMOCTOSTHCTBA CYMMBI O3HAYaeT yBeJndeHne Head-
(beKTUBHOCTH, TaK KaK KacKaJ AOJKEH IIPOIYCKATh OOJIBIINI [0 BEJIMYUHE TOK, 4eM OH
HEOOXO/IMM JIJIsI COOTBETCTBYIOMIEH YacTH MePHOJA.

CoxpaHeHue MOCTOSIHHOIO 3HAY€HKsSI CYyMMbl JAHHBIX TOKOB MMEET O4eHb OOJIbIIoe
3HAYEHMeE, TAK KAaK OHA MOKA3BIBAET, UTO Ma/leHUe HATIPSIKEHUST, U3MEPSIEMOe COBMECTHO
Ha pesucropax Rel u Re2, Takke sBJsieTCS MOCTOSHHON BEJTMUMHOM /10 TEX TOP, TIOKA
YCUJIUTENIb OCTAETCsI B PeKMMe Kiacca A. A 3TO, B CBOIO OY€epejlb, O3HAYAET, YTO TOK
B paboueii ToUKe MOKET OBITh 3a/[aH TIPOCTO € TIOMOIIIBI0 TeHEPATOPA TIOCTOSTHHOTO CMe-
IIEHMNs, T.€. TOYHO TAKUM ke 00pas3oM, 4TO U JJIsI YCUIUTENs Kiaacca B.

Ha puc. 9.3, 9.4 u 9.5 npexacraBieHbl 3aBUCUMOCTH Pe3yJIbTATOB MOJETUPOBAHUS
c ucnosb3zoBanreM mporpammbl SPICE koadduiineHTOB ycuiaeHus ¢ pasoMKHYTON
LIENbIO BHIXOAHOIO Kackaja s Harpysku 8 OM u Toka B paboueii Touke 1,6 A. Cxema
MTOJTHOCTBIO COBIA/IAET CO CXEMOM ycuanTess kiaacca B, mpuBenennoro B riase 6. Bepx-
HsISl 3aBUCHMOCTD Ha rpadUKe MPeACTaBIsIeT YCUIeHUE IS pexkMa paboThl Kiaacca A,
a HIJKHSIS 3aBHCHMOCTD TTOKA3bIBAET JJIsl CPAaBHEHUSI YCUJIEHHE IS PesKMa PaboThl
ycunuress kiaacca B, umeloiiero onrumaibHoe 3Hadenue cMmelnenus. Ha puc. 9.3 npu-
BOJIMTCSI BBIXOTHAS XaPAKTEPUCTUKA SMUTTEPHOTO TOBTOPUTEJISI, Ha pHC. 9.4 — Xapak-
TEPUCTHUKA TIPOCTOTO KBA3U-KOMILJIEMEHTAPHOTO KAacKaja, a Ha puc. 9.5 — xapakrepu-
CTHKA BBIXOIHOTO KacKaja ¢ I1apoil, OXBa4eHHON KOMILIEMEHTapHOi 06paTHOI CBSI3bIO,
CFP.
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OUTEFA2C.CIR: EF O/P,MPSA42/92, MJB02/4502. 02/8/93

Date/Time run: 11/30/93 21:34:21 Temperature: 25,0
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BxoaHoe Hanpsxenue

Puc. 9.3. JlunerHocTb KoapduumeHTa ycuneHns ans BbIXOBHOIO Kacka-
Aa Ha 6ase aMUTTEpHOro NoBTopuTeEns ycunutens knacca A. BennuuHa
Harpysku pasHa 8 Om u Tok nokos (Iq) pasen 1,6 A

QUASA.CIR Quasi-comp Class-A O/P, Vbias=2,9B. 03/8/93

090 Date/Time run: 12/01/93 00:19:44 Temperature: 25,0
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BxoaHoe Hanpsxexve

Puc. 9.4. JluneiHocts koadpduuMeHTa ycunenus ans KBasu-Komnne-
MEHTAPHOTO BbIXOAHOTO kackaaa ycunutens knacca A. Pexumbl coena-
AQIOT C TEMM, KOTOPbIE MCMOSb3OBAHHbI A1 CXEMbI Ha puc. 9.3
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OUTPTA4C.CIR CFP CLASS-A O/P, MPSA42/92,MJ802/4502  02/8/93
Date/Time run: 12/01/93 00:10:50 Temperature: 25,0
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BxopHoe HanpsxeHue

Puc.9.5. JluneiHoctb koadduuMeHTa ycuneHns ans BbIXORHOMO KacKd-
aa Knacca A sbinonnerHoro Ha nape ¢ komnnemeHtapHor OC, CFP

MozxHO 6bL10 OBl OXKKMIATH, YTO KaCKabl KJacca A J0JKHbI KIMETh 60Jiee BHICOKYIO
JINHEHHOCTDb XapaKTepUCTUKU 110 CPAaBHEHUIO ¢ KackajlaMu KJacca B, n ato neiictBu-
TeJTHHO TaK. (3HAUCHUS HANIPSLKEHUH TADMOHUK W CYMMapHOTO KoadduiirmenTa Hem-
HENHBIX MCKAKeHUI I TpeX KOHMUTYpaluil ycuauTesneil Ipyu BeJMUUHe HalpsKe-
Hust 20 B mukoBoro 3HaueHwst mpuBeneHbl B Tabs1. 9.1.) CoBepIieHHO OTCYTCTBYIOT
KosiebaHust B 3HaUeHnH Koadduimenrta yeuienus B obsactu 0 B, kak st ycuantesst
KJacca B, Tak 1 14 IBYXTaKTHOIO YCUJIUTEJIS Kaacca A, KOTOPBII He TOJIbKO B COCTOS-
HUW, HO ¥ PEIbHO HEUTPAINU3YET MCKAKEHHS YeTHBIX TAPMOHHK.

CTaHOBUTCS Cpa3y MOHITHBIM, YTO ¥ KACKaJla C SMUTTEPHBIM MTOBTOPHUTEIEM HabJIIO-
JAIOTCsE OOJIBIINE BapUAIUY B KO3(h(dUITHEHTE YCUIEHHUS U, CIe0BATENbHO, Hosiee HU3-
Kast JIMHEHHOCTDh, YeM U y KacKajia Ha 1mape, oxBauenHoll komriementapuoit OC, CFP,
TOT/IAa KaK KBa3W-KOMIIJIEMEHTAPHBIM KACKaJ MTPE/ICTABIIsIeT BeChMa WHTEPECHBIN KOH-
[JIOMepAT U3 IBYX TPebIIY X BapruanToB. Hanboree MCKPUBIIEHHDII BU] 3aBUCHMO-
¢ty K0d(pdUIMeHTa YCUJIeHUs KBa3U-KOMILUIEMEHTApHOTO KacKajla IPUXOAUTCS Ha
YYacTOK ¢ HampspkeHueM —ve, Ha kotopom CFP wacTh KBasm-KOMILIEMEHTApHOTO
KacKajia TPOIycKaeT GOJIBINYI0 YacTh TOKA; OAHAKO, U3 cpaBHeHus puc. 9.3 u 9.5
M3BECTHO, YTO KACKaJl, BHITOJHEHHBIM HA Mape, oxXBaueHHOU KoMmruieMeHTapHoit OC,
CFP, npencrasaser coboii cxemy ¢ HanboJiee BHICOKOI JIMHERHOCTBIO. [ToaToMy npes-
CTaBJISIETCS BO3MOXKHBIM, YTO (hopMa 3aBUCUMOCTH KoaddullnenTa ycuieHus olpeesis-
eTcs BBIXOIHOM nosioBuHON (Buanmo, CFP), koTopast BeIKJIIOUEH]; JAHHBIN BBIBOJI TTPEJI-
cTaBJsieTcst HawboJiee BEPOSATHBIM, TIOTOMY YTO Ha HEro yKas3blBaeT HamGoJIbliee
u3MeHeHue B BeJimunHe (KPYTU3HBI XapaKTepucTuku) gm. CTPyKTypa Napbl, OXBAY€HHON
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Tabnmua 9.1
Ksazi- BbixoaHoi Kackaj Ha
Howmep IMUTTEPHBIN KOMILIUMEHTAPHBIA OCHOBE IIaphbl ¢ 5
TaPMOHUKHU MOBTOPUTEH ST Kommmmfmapnon
00paTHO#i CBA3BIO
Bropas 0,00012% 0,0118% 0,00095%
Tperbs 0,0095% 0,0064% 0,0025%
YerBepras 0,00006% 0,0011% 0,00012%
IIaras 0,00080% 0,00058% 0,00029%
CyMMapHBbIit
KodbueHT 0,0095% 0,0135% 0,0027%
HEJIMHEHUHBIX
HCKaKEHUH

[Npumedarme. 3HayeHne CyMMaPHOTO KO3(PPUUMEHTA HEMHENHBIX
MCKAXEHWI PACCYUTBIBANIOCH 110 AEBATH IEPBLIM FAPMOHUKAM, XOTS
BKIIGA FAPMOHMK, HAYMHQS C MIATOH, OYeHb M.

komiiementapaoit OC, CFP, nmoanep:xuBaeT BeJIMYUHY gm JIydille MPU CHIKEHUN
TOKA, YTO MPOSIBJSAETCS B 60siee POBHOM (TIJIOCKOM) XOJI€ 3aBUCMMOCTH Koa(puiueH-
Ta YCUJIEHWSI, C MEHBIITUMU 3aKPYTJACHUSIMU B TOUKAX 9KCTPEMYMOB.

[ToBenenne koaUITMEHTOB yCUIEHUS TS TUX KACKaJI0B OTPakaeTcs B BeJIMYMHAX
TeHEPUPYEMBIX TAPMOHUK; TabJI. 9.1 oTpakaeT TOT (HakT, UTO 15T ABYX CUMMETPUYHBIX
TOTIOJIOTUIECKUX CXEM KAaCKa/OB XapaKTEPHBI, KaK W OKUAAJIOCH, TTPEUMYIIIECTBEHHO
HeYeTHble TADMOHUKU. ACUMMETPHSI KBa3U-KOMILIEMEHTAPHOTO BapHaHTa BbI3bIBAaeT
3HAUUTEJbHOE YBEJNYEHNE YHCIa YETHBIX TAPMOHUK, UTO OTpaskaercs B 6oJjiee BBICO-
KOM 3HaUEHUU CyMMapHOro koadduiinenta HeTMHEHHBIX MCKakeHnil. Tem HU MeHee,
BCe 3HAUYEHUS CYMMAapHBIX KOI(P(HUIIMEHTOB HETMHEWHBIX WCKAKEHWH OCTAlOTCS B
IIBA-TPU Pa3a HILKe, YeM JIJI 9KBUBATIEHTHBIX UM CXeM yCUJIuTesel kinacca B.

Takoe ckpoMHOe yirydllleHHe MOXKeT IPEACTABJATHCS Pe3yIbTaTOM HEeL0CTaTOYHOTO
OTBOJIA JIOTIOJHUTEIHHOTO TEIIA B YCHIMTE e Kacca A, HO 910 He coBceM Tak. Haubosee
3HAYUTEIBbHBIM C TOYKU 3PEHUS BKJI/Ia BBIXOIHOTO KAcKa/la yCUIIUTEIIS Kilacca A B CKa-
JKEHUS SIBIISIETCS] BOBCE HE TO, YTO OHU HE3HAUNTEJILHBI TT0 BEIMIHUHE, & TO, UTO SBJISIOTCS
UCKAJKEHUAMM HU3KOTO MOPSZIKA U, CJIEJI0BATENBHO, U3BJIEKAIOT MAKCUMYM 13 OOBIYHOIT
orputiatesibHoil OC, cHMXKAACh ¢ yBeJIMYeHMeM YacTOThI 110 CPaBHEHUIO ¢ UCKAKEeHUSIMU
6oJiee BBICOKUX TTOPSIIKOB, BHI3BAHHBIX MTEPECEUEHUEM CUTHATIA HYJIEBOTO YPOBHSL

BbI60p TOTOJIOTHE BBIXOHOTO KacKaJa JJIsi YCHJWTEJNs Kiacca A B HAaCTOSAIIEe
BpeMst ripoct. JIjist HanboJiee BBICOKOW OT/auu CJIeAYeT UCIIOIb30BaTh Mapy ¢ KOMILIe-
MeHTapHOI ob6paTHoil cBssbio, CFP yacTiuHo u3-3a Gojiee BBICOKOI M3HAYAIBHON
JIMHERHOCTU 3(DGhEKTHI BIUSHIS TEMIIEPATYPbI BBIXOAHBIX MOJTYITPOBOJHUKOBbIX MTPH-
6OpOB Ha BEJIMYMHY TOKA B Pab0Ueil TOUKe XapaKTePUCTHKH, 1], CTIIa’KMBAIOTCS 32 CUET
JeACTBUSI JIOKATbHOI 00paTHOM CBSI3H, TOYHO TaKKe, KaK B yCUJIUTENIX Kaacca B. [l
MpeZieTbHON 9KOHOMUU CJIEAYeT WMCIOJIb30BaTh KBa3W-KOMIIJIEMEHTAPHYIO Tapy
C AByMs TpUGOPaMK N-P-N-THUTIA, [T HUX MOHAT0OUTCST TOJBKO HU3KOE 3HAYEHKE KOJI-
JIEKTOPHOTO HampsikeHus1, Vee(max) B cydae 00BIYHOTO YCUIIUTEIST Kaacca A, cieo-
BaTeJIbHO, BO3HUKAET BJIarOTPUSITHAS BOBMOKHOCTH KOMIIEHCHPOBATH YaCTh PACXO/IOB,
[IOTPAYEHHBIX Ha TeIJIOBble paAuaTopsl. IIpaBuia B JaHHOM cllyyae HECKOJBKO OTJIU-
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4aloTcs OT TeX, KOTOpble IPUMEHSINCD JIJIs yCUIuTe el kiaacca B; mpocras KBasu-KoMm-
IIeMeHTapHas KOHGUTYPAIs 00eCIeunBAET MEPBOKIACCHBIA PE3yIbTAT COBMECTHO
co cpexneit o Besmuute orpuinaresabroit OC, a nobasienue B cxemy anoja bakcen-
nmamna (Baxendall), mpennazHadeHHOTO AT MOAETUPOBAHUS KOMILIEMEHTAPHOTO
KacKa/la SMUTTEPHOTO TIOBTOPUTEJIS, /IaeT HEe3HAYMTEJbHOE YJIydllleHre JTMHEHHOCTH.
Tem He MeHee, MOKHO oOparuThest k pabore Hemnbcona-/xonca (Nelson-Jones) [7],
B KOTOPOIT MOJKHO HAUTH TIPUMEP MOA0OHOTO PENIEHUSI.

W Hor/ia oYeMy-To CYUTAETCS, YTO CBOCOOPASHBIN PEKUM PabOTHI YCUIUTEIS KTac-
ca A femaer ero mo caMuM TO cebe 3AMUIMEHHBIM TTPU BO3HUKHOBEHUN KOPOTKOTO
3aMBIKaHMS. IDTO MOKET OKa3aTbhCs JAEWCTBUTEIBHO TaK VI Psijia BapUAHTOB CXEM,
OJTHAKO BapMaHT CXEMBI C BBICOKUM 3HaueHNEM HAIPsKeHUs CMEIIeHNs, PacCMaTpH-
BaeMbIil B JIaHHOH KHUTE, OYET MPOJOJIKATH MUTATHCS TOKOM B JIYUIIUX TPAIUIIAIX
YCUJIUTEJNS Kylacca B 710 Tex 1op, 1oKa He CrOpUT, I03TOMY 1I€IIb 3alIUThI OT [1eperpys-
K IIPEJICTABIISIETCSI BOBCE He U3IUIITHE.

9.4. CxeMbl ynpaBneHusi TOKOM B paboyeni Touke

B otsimume ot ycunmuTesneit kiacca B 1y onTHMU3aIiuy BeTMYNHBI HETMHEHBIX NCKa-
JKeHUil He TpeOyeTcsl OCYHIECTBSATH 0COG0 TOYHBIM KOHTPOJIb 32 BEJIMYMHOU TOKA
B paboueii Touke BAX; iyist Xoporieii JMHEHHOCTH 0Ka3bIBAETCS I0CTATOYHOM MPOCTO
ero BesmunHa. TeM He MeHee, BeJIMINHA TOKA B pabodeil TOUKe TOIKHA CTaOMITH3PO-
BaTbCs XOTS Obl I IPEAOTBPAILEHMs TEMIIEPATYPHOTO Apeiida, 0cOOEHHO B Caydae
WICIIOJTh30BAHUS B KA4eCTBE BBIXOIHOTO KAacKaZa SMUTTEPHOTO MoBTOpuTess. llroxo
paccYMTaHHAasI CXeMa YIIPaBJEHUST TOKOM B pabovell TOUKe MOJKET HAPYIIUTh JINHEN-
HOCTB, TO9TOMY TPeGYeTCsT CAaMBIH THIATETbHBIH ee pacueT. Takxke HEOOXOAMMO YUHUTHI-
BaTb, UYTO TOYHO MOIEPKUBAEMOE 3HAUEHIE TOKA, 33/IAI0MIETO PAO0UYIO TOUKY, PacCMa-
TPUBAETCSI B KAYECTBE CBOETO POJIa TIOPOJUCTOCTH YCUIIUTEJNS Kaacca A. Y CUIUTeNb,
TOK B pabodeil TOUKe KOTOPOTO M3MEHSIETCST HATIO00He TPAEKTOPUH IBIKEHUS TIO/IBBI-
MUBIIETO MATPOCA, COBEPIIEHHO HE BHYIIIAET YyBCTBA YBAKEHUS K cebe.

Merton HeTOCPEACTBEHHOH TEMITEPATyPHOI KOMITEHCAIINH C UCTIOTb30BAHUEM TeHe-
patopa CMeIeHUsT YMHOKUTEJNsT HanpsukeHust Vbe gefictBurensHo paboraer [30]
u GyJIeT TPE0TBPAIATH TEMIIEPATYPHBIN yX0/ XapakTepuctuk. OJHaKO, B OTJINYUE OT
yeunuTenst kiacca B, B ycunmTene kmacca A TPemoCTaBisieTcst GIarompusiTHAS BO3-
MO’KHOCTh BeCbMa JICICTBEHHO YIIPaBJIsATh 3HayeHWeM Toka B pabodeil Touke, Iq,
C TIOMOIIBIO OTPUTATETBHON 06PATHOI CBSA3U. ITO TPEACTABISIETCS OCOOEHHO UPOHIY-
HBIM, TaK KaK MIMEHHO B TOT MOMEHT, KOT/Ia UMEETCS BO3MOKHOCTbh TOUHOTO YIIPaBJie-
HUST BeJIMYMHOM Iq, OHa KaKk pa3 W CTAHOBUTCS HE OYEHB-TO U HEOOXOAUMOI B CUIY
TOTO, YTO HEOOXOAUMOCTD YIIPABJIEHSI TIPOCTO TIEPECTAET HOCUTH KPUTUIECKUT XapaK-
Tep. TeMm He MeHee, TIpe/icTaBIsAETCS KpaliHe Hepa3yMHBIM (TJIYIIBIM) TOJIHOCTBIO UTHO-
PHUPOBATh TaKyto GJIarONPUATHYIO BOSMOKHOCTD, B CUJIY Yero JaHHbBIH MeTOJI yIpaBJie-
HUSI TOKOM B pabodell TOUKe ¢ MCHOJIb30BaHneM 0OPaTHOM CBsI3H OYAeT BHUMATEIbHO
paccMOTpeH.

CyrmecTByeT 7Ba OCHOBHBIX METOZIA YIIPABIEHUS TOKOM C TMOMOIIBIO OOPATHOMN
cBsI3U. B nepBoM MeTozie KOHTPOJIMPYETCs TOK, IIPOTEKAIONTNI B OZTHOM 13 BBIXOIHBIX
TpuUOOPOB, [ETAETCS ITO JUOO M3MEPEHNEM HATPSKEHUST Ha OJHOM W3 HMUTTEPHDIX
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Puc. 9.6. Cxembl perynuposaHms Toka. M3 Bcex cxem Tonbko Ans Bapu-
aHTa 9.6 He TpebyeTcs UCMONb30BATE GUALTP HUKHUX YACTOT NPU pery-
nuposanum Tokd. C npocto obecneunsaeT npsmyto CBS3b Ans TOro,
4TO6bI YCKOPSTb NEPEAaYy cMrHana Ha Tpaxsucrop TR2

pesucTopoB (Ha puc. 9.6a o6osHauen kak Rs), 1160 ¢ UCIIOIB30BaHIEM UYBCTBUTEIb-
HOTO KOJIJIEKTOPHOTO PE3UCTOPA-aTINKA; BO BTOPOM METO/I€ KOHTPOJIUPYETCS CyMMa
TOKOB BBIXO/IHBIX TPUGOPOB, KOTOPAsi, KaK ysKke ObLI0 MOKA3aHO BBIIIIE, IS yCUTUTEIEl
KJacca A SIBJISIETCS TTOCTOSTHHON BEJTMIMHOM.

B nepBoM MeTozie, KOTOPBIN UCTIONb3yeTcs B cxeMe Ha puc. 9.6a [7], npousBoauTcs
cpaBHeHHE 06a30BO-dMUTTEPHOTO HampstkeHuss Vbe tpansuctopa TR4 ¢ maneHuem
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HampsKenusa Ha pesucrope Rs ¢ punbrpanueii, oinonnsgemoil Rg n Cg. Ecim Benman-
Ha ToKa B pabodeil TOUKe IpeBbilaeT TpedyeMoe 3HadeHue, To Tpansucrop TR4 mpo-
IIyCKaeT GOJIBILNIL 110 BeJIMYIHE TOK, BKJIIo4as TpaHsuctop TRS 1 yMeHbllas HalpsixKe-
HUe cMeleHnst Mexay Toukamu A u B. Ha cxeme puc. 9.66, B KOTOPOIi NCTIONb3yeTCst
MO/IXO/I, OCHOBAHHBIN Ha YIPABJISEMOM HANPsSKEeHUEM HMCTOYHUKOM Toka, VCIS,
HarpskKeHne Ha KOJJIEKTOPHOM YyBCTBUTEJIBHOM pe3ucTope Rs cpaBHUBaeTcst TpaH3u-
cropoM TR4 ¢ BeIMUnHOI 3TATOHHOTO HATIPSIKEHMS, TIPU 3TOM BEJIMYMHA 3TAJIOHHOTO
HaIIPSAKEeHUA BLIOMPAeTCst TaKOii, UTOOBI OKa3aThCs PeajibHOM B KauecTBe Ga30BO-IMMUT-
TepHOTO Hanpsikenus Tpansuctopa TR4 [9]. Omsats s duabTpaum ncnoib3yoTest
snementbl cxembl Rp u Cp.

Kak jis cxembr Ha puc. 9.6a, Tak u g5 cxembl Ha puc. 9.60, TOK, KOTOPbI KOHTPO-
JINPYETCS, COIEP;KUT 3HAUUTETHHYIO COCTABJISIONTYIO CUTHAJIA, TOTOMY IEePEJl TEM KaK
WCTIOTb30BaTh JAHHBIN TOK B KauecTBe KOHTPOJUPYIOIIETO TTapaMeTpa sl Hero /0J-
JKEeH HCIIOJIb30BaThCst (PUIIBTP HIDKHUX 4acTOT. JTO KpaiiHe HEYHIOOHO, TakK Kak IpU
ATOM BBOJIUTCS €llle O/[HA JIONIOJIHUTEIbHAS TIOCTOSIHHASI BpEMEHU, O KOTOPOU TIPUXO0-
ITATCST GECTIOKOUTHCST, €CITN YCUIIUTEIb TIEPEXOTUT B PESKUM HECUMMETPUYHOTO OTPaHH-
yeHus. B ciydyae KOJLIEKTOPHO-UYyBCTBUTEJBHOTO 9JIEMEHTA BOBHUKAIOT HEXKEJATeb-
Hble TIOTEPW B JIONOJHUTEIHbHOM 4YYyBCTBUTEJbHOM pe3uctope. VI3 ombiTa aBTOpa
JMAHHOW KHUTH TaKJKe CJIelyeT, YTO HeKayecTBeHHas (DpUIbTPAINs BbI3BIBACT CEPbe3HOE
yBeJnYeHne HU3KOUACTOTHBIX NCKAXKEHU.

Camblil JTydinuii crrocob 3aK/II09aeTcss B KOHTPOJIE 33 BEIMYUHON TOKa, TPOTEKAI0-
IIETO B 000UX SMUTTEPHBIX PE3UCTOPAX; KaK yKe ObLIO 0OBICHEHO paHee, CyMMapHOe
NajleHre HAMPSKEHNST HA HUX MMPAKTUYECKU HE OTJIMYAETCS OT MTOCTOSTHHOM BEJTNYMHBI,
[I03TOMY MCIOJIb30BaHKe Ha IPAKTUKE (DUIBTPOB He ABJIsgeTcsa HeoOxoaumbiM. [Ipumep
TAKOTO TOX0/Ia, KOTOPhI OCHOBAH Ha Wjee, BIepBble TpejsoxkenHolt Henbcornom
ITaccom (Nelson Pass) [10], npogemoHcTpupoBas Ha puc. 9.68. B 510ii cxeme TpaH3u-
crop TR4 cpaBHUBaeT BeJUYUHY COGCTBEHHOTO (Ga30BO-OMHUTTEPHOIO HAIIPSIKEHIS
Vbe ¢ HampsikerreM Mex Iy ToukaMu X U B; M36bITOUHBIN 10 BEJTMUMHE TOK B paboueit
TOYKe BKJIIOYaeT TpaHanucTop TR4 1 aBToMaTU4eCKU CHI)KAET HATIPSIKEHUE CMeTleHUs.
[Tpucyrcreue nuona D He siBsieTcst 00s13aTE/IbHBIM B 9TOI 1Jiee, OJHAKO OH 61ar0TBOP-
HO yBeJUuYnBaeT KOa(PGHUIMEHT YCWIEHUsS KOHTYPa ¢ TOKOBOH OOPATHOW CBSI3BIO;
WCKJIIOUEHNE €T0 M3 CXEeMbl ITOUTU BJIBOE YBEJWYMBAET U3MEHEHUS TOKA, 337al0IIero
pabouyio Touky BAX, Iq, npu usMeHeHny TeMIiepaTypbl Ha Tpansucrope TR7 B cxeme
[Tacca.

OcHoBHas 1pobJieMa JaHHOTO METO/Ia 3aKJI0YaTCsS B TOM, YTO 6a30BO-dMUTTEPHOE
HanpsokeHre Vbe HermocpeacTBEHHO BJIMSET Ha 3aJaBaeMoe HallpssKeHUe CMeIeHMs,
OJIHAKO HAXOAUTCsI BHE KOHTYPa, PEryJIMpyomiero Tok. KparHocts 6a30B0-9MUTTEPHO-
ro Hanpsikenuss Vbe ycranaBimBaeTcs Mexxay TodkamMu X ¥ B, Torja kax napamerp,
KOTOPBIM I€HICTBUTEIBHO XOTEI0CH Obl YIIPABJIATS, IBJISETCS HAIIPSAKEHIE MEKIY TOY-
kamu X u Y. TeMrepatypHbie H3MeHEHMs 6a30BO-dMUTTEPHBIX HanpsikeHuit Vbe TpaH-
3uctopoB TR4 u TR3 uacTuyHo 1MofaBisAOTCS, HO TOJBKO YACTUYHO. ITOT METO/ JIaeT
HaWIydllivie pe3yJbTaThl TIPU MCIOJb30BAaHUN KaCKa/la Ha Mape ¢ KOMIJIeMeHTapHO!
obparHoit cBs3b10, CFP, 1n60 ¢ KBasu-KOMILIEMEHTAPHBIM BBIXOIOM, TaK KaK PasHOCTb
B HaIPsIKEHUSIX MEK/y ToukaMu Y ¥ B 3aBUCHT TOJIBKO OT TEMIIEPATYPHI MTPETOKOHEY-
HOTO KacKaja, KoTopast MOKET ObITh YCTaHOBJIEHA JOCTAaTOYHO HU3KOW. B KauecTBe
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Tabnmua 9.2, Usmerenus Toka pabouei Touku BAX npu namerHermu
TemnepaTypsl Ha oauH rpagyc Llenscus

W3meHeHne oomeii
TeMIepaTypbl
OKpYy:Kaloleii cpe/ipl

UN3menenne remMiepaTypbl
TOJIbKO TpaH3ucTopa TR7

KBazu-
KOMILIEMECHTapHast
cXeMa COBMECTHO C +0,112% -0,43%
SMHUTTEPHO-0a30BBIM
HamnpspkeHueM Vbe

Merton Ilacca: B
COOTBETCTBHUH CO
CXEeMOH, MPUBEACHHON
Ha puc. 9.6

+0,025% -14,1%

Merton Ilacca: B
COOTBETCTBUU CO
CXeMOii, Korja
OTCYTCTBYET auoxa D

Hosas cuctema +0,006% —-0,038%

+0,0675% —-10,7%

ﬂpwmeanme. an yC/10BUM, 4TO COMNPOTUB/IEHNE SMUTTEPHOIO PE3NCTO-

pa pasro 0,22 Om, a sermymnHa Toka 8 paboyeri Touke, Ig, pasHa 1,6 A.
0mMopHO20 BHICTYTIaeT 6a30BO-sMHUTTEpPOE HampsikeHe Vbe tpansucropa TR4, kotopoe
CaMo SIBJISIETCS TEMIIEPATYPHO-3aBUCUMBIM; €CJIM JasKe Ha Hero U He OyAyT BO3AeHCTBO-
BaTh BBICOKHE TEMITEPATYPhI, OHO BCE PaBHO GY/IET MOABEPKEHO U3MEHEHUSAM TeMITepa-
TYPhI OKPYKalOLIel CPeibl, 9YTO U OOBICHSIET HEYAOBIETBOPUTEIbHBIE PE3YJIbTATHI
HCII0/b30BaHus MeToza Ilacca 1o crabuimMsanuu r06anibHbIX TeMIEePaTyPHbIX U3Me-
Henuit (Tabu. 9.2).

9.5. OpurMHanbHbIV METOA yrpaBfieHUsi TOKOM B paboyent Touke

It Toro 4TO6BI PEIUTh JAaHHYIO TPOBIEMY, aBTOP KHUTH XOTeJ OBl MPEITOKUTH
COBEPIIEHHO HOBBIA M OPUTUHATBHBIN METOJl YIIPaBJIEHU, KOTOPBIN TIPEACTABIEH HA
puc. 9.7. Tlo cyTu nesia HeOOXOAUMO CPABHUBATS ILJIABAIOIIEE HATIPSIKEHIE MEKLY TOY-
kamu X 1 Y ¢ (DUKCUPOBAHHBIM OMIOPHBIM HAINPSLKEHUEM, YTO MOKHO PAcCMaTPUBATh
B KauecTBe SKBUBAJIEHTHOTO TPeGOBaHU /st ABYX AU (PepPEeHINaNbHBIX YCUIUTENEH.
Opanako Bce 9TO MOXKHO CBECTH K OJJHOMY IIyTeM IPUBS3KM OIIOPHOTO HAIIPSIKEHUS
Vref k Touke Y; 9Ta TOUKa A€HCTBUTEIBHO IPEACTABISIET TOUKY C OYEHb HU3KUM 3Haue-
HUEM IIOJTHOTO KOMIIJIEKCHOTO COIIPOTUBJIEHUS] U MOJKET JIETKO IPOITYCKaTh OMOPHBIN
TOK BesimunHOU mopsizika 1 MA. IIpocras auddepenimaapaas mapa u3 TpaH3UCTOPOB
TR15 u TR16 3aTem cpaBHUBaeT OIMOPHOE HAIPSKEHHE C HANPSKEHUEM B TOYKE Y;
M30bITOYHBIN TOK B pabodell Touke BkiodaeT Tpansuctop TR16, sacrasisas Tpansu-
crop TR13 npornyckats GoJIBIINI TOK, yMEHbIIAs, TAKUM 00Pa3oM, HATIPSKEHUE CMe-
LIeHUS.

Cxema BBITJISIUT HE COBCEM MOHSTHOM M3-3a TOTO, YTO BBICOKOE 3HAUYEHUE TTOJTHOTO
KOMILJIEKCHOTO COIIPOTUBJICHUSI KOJJIEKTOPHOHM 1lenn Tpansuctopa TR13, ckopee
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Puc. 9.7. Besykopu3sHeHHbIM BO BCEX OTHOLIEHUSX YCHAMTENb MOLLHO-

ctv knacca A ¢ mowHoctbio 20 Br, B koTopoM NpuMeHseTcs nporpeccme-

HAsl CUCTEMA YNPABNEHUs TOKOM paboyei TOuKM
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BCEro, Oy/IeT MPETATCTBOBATE MPOXOXK/EHIIO CUTHAMA B BEPXHIOW TOJOBUHY BBIXOTHO-
rO KacKa/a; 1Mo CyHIeCTBY 3TO TaK, HO CYIIECTBEHHBIM SBJISETCS TO, YTO TPAH3UCTOP
TRA13 saBasiercs yacTbio KOHTYpa orpuniateabHoit OC, KoTopas ycTaHABJUBAET HAIIPSI-
JKeHHUe B TOUKe A, KOTOpoe Gy/IeT MOIePKUBATh TOCTOSTHHBIM 3HAYCHUE HATIPSIAKEHIS
cMelienust Mexy Toukamu A u B. A 910, B CBOIO 04Yepeib, TOJHOCTHIO COBIIAJIAET C TEM,
KaK eCJii ObI TTOJIZIEPKIBATH TIOCTOSTHHBIM HAMPSKEHIE CMEIeH st VCM Ha TPaH3UCTO-
pe TR5. Kak MOKHO ObIJIO OBI TIPEIIIONIOKUTD, ITOT KOHTYP HE OTIUYAETCS BBICOKON
CKOPOCTBIO Tepe/laull CUTHAJIA, TI09TOMY 3Ta (DYHKIMS BO3JIOKEHA HA KOHIEHCATOD
mpsiMoit 06paTHOIl cBsizu C4. Bes aToro KoHaeHcaTopa KOHTYP (UTO JOCTATOUHO YIU-
BUTEJIbHO) OKA3bIBAETCS BIOJIHE PabOTOCIIOCOOHBIM, OTHAKO B OIPEEJIEHHON YacTH
neproia mouT HensbeskHo BosHukHOBeHne BY ocripsimii. C ncmoib3oBaHeM yKa-
3aHHOro Konzencaropa C4 yye HeT HEOOXOAUMOCTH B BBICOKOHW CKOPOCTH Iepefaun
CHUTHAJA TI0 KOHTYPY, TaK HEOOXOAUMO He TepellaBaTh CUTHAJ, a MOEPKUBATE YPO-
BeHb IIOCTOSHHOW COCTaBJIAOLIEH.

IKCIEPUMEHTAIBLHOE UCCIEIOBAHNE CTAOUIBHOCTH 3HAYEH ST TOKA B paboueil Touke
BAX, Iq, siBIsieTCSl TOCTATOYHO CJIOKHBIM M3-32 HEONPEAETEHHOCTH € TeMTIePaTypOii
nepexozia. IIpodeccuonanvubie peanuzaiuu CBUC-opueHTHPOBAHHON TTPOTrPaMMBbl
mozesupoBanus SPICE, HanomoGue mporpamMbl PSpice, MO3BOJISIOT MaHUITYJIHPO-
BaTh Kak 0011ell paboueii TeMIepaTypoil CXeMBbI, TAK U TEMIIEPATY PO OTIEIBHOTO MTPHU-
60pa; ATO ellle OJIMH U3 aCTIEKTOB, KOT/IA MPOSIBJISIETCS BECh GJIECK METOI0B MOJIETHPO-
BaHus. Ilpencka3aTb TOYHBIE COOTHOIIEHUS TEMIIEPATYP MEXAY OTHAeTbHBIMU
2JIEMEHTAMU CXEMBbI YCUJIUTESI TOCTATOUHO CJIOKHO, TOITOMY aBTOP KHUTH PUBOIUT
TOJIBKO PE3yJIbTaThl U3MEHEHHsI 001Iell TeMITepaTyPhl BCEX TONYTPOBOAHUKOBBIX MIPHU-
6GOPOB CXEMBI, & TAKIKE PE3YJIbTATHI M3MEHEHUST TEMIIEPATYPBHI EPEXO/IA TOJBKO JIJIsk
tpauauctopa TR7 (puc. 9.7) anst pasnmnyHbIX BapUaHTOB yIpaBJjeHus. TpaH3ucTop
TR7 Gyzer ofHUM U3 TPAH3UCTOPOB, UMEIOIIMX CPABHUTEIHHO HEBBICOKYIO TEMIIEPATY -
Py, 4, B oTsimyme oT Tpansucropa TRY, oH He BXOAWT B LEIb JIOKATIbHOM OTPUIIATEb-
ot OC, xoTopast MOTJia Obl B 3HAYMTEJBHON CTEHEHU OCTa0WUTh BJIMSHIE HA HETO
TEeIJIOBBIX 3((PEKTOB.

9.6. Cxema ycunutens knacca A

[Tpumep cxeMbl GE3YIMPEYHOTO BO BCEX OTHONIEHUSX YCUIUTEST MOIITHOCTH Kjiacca A,
PaccYUTaHHOTO Ha BHIXOAHYIO MouiHocTh 20 BT nipu pabore Ha Harpysky 8 Owm, npuse-
IleH Ha puc. 9.7. Jta cxeMa, HACKOJBKO TOJIBKO 3TO 0KA3aJ0Ch BO3MOKHBIM, TT0 CBOMM
pabounM XapaKTEPUCTUKAM TIOBTOPSIET MTApaMETPBI PaHee PACCMOTPEHHOM CXEMBI YCHU-
JTesist kiaacca B ¢ 1espio ux cpaBHEHUsT; 0COOEHHO 9TO OTHOCUTCS K KO3 PUIUEHTY
yeusnenus 1enu orpuiiatesabnoit OC, xotopsiit octaetcst paBHbiM 30 n1b Ha yactoTe
20 kI'ii. BxonaHoit kackan octaeTcsi TOYHO TAaKUM K€, YTO ¥ JIJIST BAPUAHTA YCUJIUTEJST
Ksacca B; moatomy He I0JKHO GY/IeT BBI3BIBATh YAWBIICHHS, YTO OH OYAEeT IPUBOIANTH
K TOYHO TAKUM K€ BXOJHBIM MCKUKEHUSIM HOMep 1, Ha KOTOpPbIe He B COCTOSIHUU OKa-
3bIBaTh BO3/EHCTBIE TOTIOJOTHS BRIXOAHBIX 610k0B. Kax u pamee, I7ist BXOTHOI Mapbl
UCTIOJIb3YETCSI BBICOKOE 3HAUEHME TOKA OOIIEro MCTOYHWKA MUTAHUS, MOITOMY JIJIst
JIMHEAPU3AINK TIePeIaTOYHOM XapaKTePUCTUKY U 3a[aHus KDYTU3HBI MOTYT ObITH BBE-
neHbl B cxeMy pe3uctopbl R2 u R3. Vckaxennst Homep 2 (BbI3bIBaeMbI€ KaCKAJOM yCH-
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JIEHWST HATIPSKEH WS ), TPUCYTCTBYIOT, KaK M paHee, U CBSI3aHBI ¢ TpaH3uctopoMm TR12,
BBICTYIAIOIIUM B POJU YCUIUTENS KOd(PdUIMEHTa Tepefiadynl Mo TOKY, YBeJIMYNBa-
IOIUM JAeiiCTBIE JIOKaIbHOI 06paTHOii cBasu uepes korgencarop Cdom. CosepiieHHO
HET HEOOXOMUMOCTH 3a00TUTHCST 00 UCKaKEHUSX HOMED 4 (HEJIMHEHHOCTh Harpys3KH,
CBSI3AHHOM C BBIXOZHBIM KACKA/IOM ), TAK KaK [IOJHOE BXO[HOE KOMILIEKCHOE COIPOTUB-
JIeHVIe BBIXO/THOTO KacKaja Kjacca A XOTs U He SIBJISIeTCs TIOCTOSTHHBIM, BCe JKe He IPo-
SIBJIAET TAaKUX PE3KUX U3MEHEHUH, IEeMOHCTPUPYEMBIX YCUIUTENEM Kiracca B.

Ha cxeme puc. 9.7 uctiosib3yercs cTaHIapTHBIN KBa3U-BBIXOHON Kackaa. OH MOXKeT
ObITh 0e3 Kakux-1ub0 TpobJeM 3aMeHeH KacKaJoM Ha Tape ¢ KOMILIEMEHTapHON
obparnoii caspio, CFP. B 060oux ciydasx MCKaxeHusa OyayT YPE3BbIYaliHO HI3KUAMII,
OJIHAKO, TI0 CYACThIO, KAaCKajl Ha IMape ¢ KOMILIeMeHTapHoU obparHoil cBsizbio, CFP,
obecIieunBaeT Jlaske JydIlre XapaKTEPUCTUKY [0 CPABHEHUIO ¢ KBa3U-KOMILIEMEHTap-
HBIM BBIXOJTHBIM KaCKaIoM, ITOJTBEP:KIasT Pe3yIbTaThl MOIETTUPOBAHUS /IJIST BBIXOTHBIX
KaCKaJIOB TI0 OTAEJbHOCTH.

Pa6ora tpansucropos TR13, TR15 u TR16 cxeMbl perympoBaHus TOKa yske Oblia
ommcaHa paHee. B kauecTBe WMCTOYHWKA OTIOPHOTO HAIPSLKEHUS WMCTOJb30BAIaCh
(uHTerpasbHas MuUKpocxema komranun) National LM385/1.2. Ee BbixoqHOe Harpsi-
JKeHUe TIoJIIepKUBaeTcsl Ha HOMUHAIbHOM 3HaueHnn 1,233 B; 0HO CHUZKEHO ¢ UCTOTh-
30BaHUEM [IeJIUTEISA HapskeHnus Ha peauctopax 1 kKOM (Ha cxeme He TIOKa3aHBI) /10
3uavenust npumepHo 0,6 B. Vcrmosp3yst aTo 3HaueHMe OMOPHOTO CUTHAJTA 3HAYEHIE
ToKa B paboueii Touke BAX, Iq, moaepKUBaIOCh ¢ TOYHOCTBIO £2 MA yiKe uepes3 OHYy
WJIM JIBE CEKYH/IBI TTOCJIe BKJIIOUeHUs1. B3ryis Ha nanHble, mpuBeieHHbie B Tab. 9.2, He
OCTaBJISIET HUKAKUX COMHEHHUIT, 4YTO HOBasl CHCTeMa CTaOM/IM3AINN OKA3bIBAETCS OUEHb
abekTUBHOIA.

Kax u panee, UCTIoIb30BAJICS TIPOCTOH HECTAOUIM3UPOBAHHBIN UCTOYHUK TTUTAHUS
C HAKOIMTEJIbHBIM KOHIeHCaTopoM, uMetoium eMkoctb 10000 MxD, 1 Bonpeku GoJiee
BBICOKUM TIPEBATUPYIONINM MyJIbCAIMSIM HUKAKUX 0COOBIX TIpobseM ¢ Koadduimen-
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Puc. 9.8. Xapakrep1ct1ku nckaxeHuit yeunurens knacca A ans ciyyas
KBA3M-KOMNNEMeHTapHoro BbixogHoro kackapa. Crynewbkn Ha HY
Y4QCTKe 30BUCMMOCTH NPEACTABNAIOT apTedaKTbi NPOLLECCa U3MEPEHHH
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Puc. 9.9. XapakTepuctiku uckaxeHui ycunutens knacca A ans cyyas
BLIXOQHOTO KACKGAA HA Nape ¢ KoMneMeHTapHoi obpatHoi ceasbio, CFP

Tabnmua 9.3.

1 kI

10 xIix

20 kIt

MomHocTb,
Br

Knace B,
SMUTTEPHBIN
MOBTOPUTEIb

<0,0006%

0,0060%

0,012%

50

Knacce B, napa ¢
KOMIUIEMEHTapHON
00paTHOH CBS3bIO

<0,0006%

0,0022%

0,0040%

50

Knace B,

2- IOJHOCHBIN
SMUTTEPHBIN

MOBTOPUTEIH

<0,0006%

0,0015%

0,0026%

50

Knacc A, xBa3u-
KOMILIEeMEHTapHast
cxema

<0,0006%

0,0017%

0,0030%

20

Krace A, mapa ¢
KOMITJIEMEHTapHOU
00paTHOH CBS3bIO

<0,0006%

0,0010%

0,0018%

20

Knacc A,
2-10JIIOCHAs Iapa ¢
KOMIUIEeMEHTapHON
00paTHOH CBS3bIO

<0,0006%

0,0010%

0,0012%

20

Monmeyarme. Bee garnbie npusenetsl ans Harpysku 8 Om u LwmpmHsl
nonocsi nponyckarms 80 kly. Ecim He ykazaro uHoe, ncnonsosaHa

OAHOMNOMOCHAA KOMNeHcauUuMs.
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TOM TIOZIABJIEHVST UCTOYHMKA TOKa, PSRR, He BO3HUKJIO MOCTE TOTO, KaK GBI UCIIOMBb30Ba-
HbI OGBIUHBIE MEPBI TPEIOCTOPOKHOCTH 110 PA3BSI3Ke IeMeli.

XapaKkTepucTUKNA MCKAKEHNI 3aMKHYTOM T1enu (C COOTBETCTBYIONIEW KOMIEHCAIeH )
U CTy4das KBa3W-KOMILIEMEHTAPHOTO BBIXOZIHOTO KacKaja MpUBeeHbl Ha puc. 9.8, a Ha
puc. 9.9 — /151 BapraHTa BHIXOJHOTO KAaCKa/[a Ha Mape ¢ KOMILIEMEHTAPHOU 0OpaTHOIT CBsI-
3pt0, CFP. PazHocTHAast XapakTepucTrka CyMMapHOTO KOA(D(UITMeHTa HeJIMHENHBIX UCKA-
SKEHUH ITPEICTaBIIgeT B YMCTOM BUJIE IIIyM IIPAKTUYECKHU U1 BCETO aKyCTUYECKOIO JAUara3o-
Ha, ¥ TOJIbKO B AnanasoHe YactoT cebiire 10 kI mosiBsteTcst HeOOJIbIAs COCTABIISTIONIAS
TpeTbeil TapMOHUKU. Kak TpejrosnaraeTcs, UCTOYHUKOM WMCKAKEHWN SIBIISIETCS BXOHAS
apa, HO JI0 CHX TIOpP OHO He TOJYYUIIO IOJKHOTO TTOTBEPKICHUS.

Wckaxenus, KOTOpble BO3HUKAIOT B TIPUMEPAX BAPUAHTOB CXeM ycuauTesei kinaccoB B
u A, cBezieribl B Tabu1. 9.3, KOTOpast IEMOHCTPUPYET IPUTATATETBHOE CHUKEHUE SHAYECHUI X
BEJIMYMHBI 110 Mepe BLINOJIHEHNs U3MepeHuii. B kauecTBe MUMOJIETHOM (M He coBCeM y/1au-
HOW) TIONBITKU SIBUJIOCH TIPUMEHEHWE JIBYXTIOMIOCHON (IIBYXITOJISIPHOI) KOMIIEHCAINN K
Haubosiee JIMHEHHOMY BapuaHTy (JI/Is1 BBIXOIHOTO KacKaJa Ha Mape ¢ KOMILJIEMEHTapHOI
obparnoi ¢Bsasbio, CFP) yeumrens kiacca A, KOTOPOe IMPUBEJIO K YMEHBIIEHNIO UCKasKe-
HuiA 710 entie 6ostee BbIpasuTesbHoro sHadenus 0,00012% ua gacrore 20 kI'11, HO 3a CYET CKO-
poctu Hapactauus curHania (cm. puc. 9.10). XoTs ero u HeJib3s MPU3HATH CTABIIUM <IIPUT-
yell BO 43bll[ax» Y CHJIUTENIEM, TIOJTHOCTBIO JIMIIEHHBIM UCKaKEeHUH, BCe JKe OH 110 CBOMM
XapaKTePUCTHKAM OKAa3bIBAETCS TIE-TO PSIIOM. ..

AUDIO PRECISION CLASA THD+N(%) vs FREQ(Hz) 02 DEC 93 15:14:26
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Puc. 9.10. YmeHbwenue uckaxeuuit po sHavenns 0,00012% Ha
yacrote 20 kI 30 cyeT CKOPOCTU HAPACTAHUS CUrHANa

9.7. TpexmopanbHbIN ycunuTenb

Jlanee aBTOp KHUTU HPEACTABJISET CBOM COOCTBEHHBIN BKJaJ BO Bceobliee A€o0 1o
YJIYUIIEHUIO XapaKTePUCTUK YCUJNTeel Kiaacca A; aBTOP Ha/leeTcs, YTO Ceil BKJaJ
SIBUTCSI TOCTATOYHO HOBATOPCKUM B TOM €0 YaCTH, YTO YCUJIUTEIb HE TOJBKO BBIIEP-
JKUBaeT Pe3Koe CHUKEHHE TTOJTHOTO KOMIIJIEKCHOTO COTIPOTHUBJIEHUsT HATPY3KH 32 CUET
HarboJIblIe JTMHEHHOCTH, BOBMOKHOII [JIs1 yeunTe el Kiaacca AB, Ho Takke U To,
41O OH Oyzer paboTaTh TOYHO TaK K€, KaK U Be3yKOpU3HEHHBIH BO BCEX OTHOIIECHHSIX
ycuuTes b Kiaacca B. BeixomHas MOIHOCTD B YUCTOM PEXUME YCUIUTENS Kiracca A
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cocrasJsger ot 20 10 30 Bt npu pabore Ha Harpysky 8 OM B 3aBUCHMOCTH OT BbIOOpa
KOHKPETHOTO BapWAHTA HAIPSKEHUIA Ha TMTUHAX TUTAHUSL.

B manHOM ycuiuTese st 0OecrieueHrnsT MaKCHMAIbHO BO3MOKHOM JIMHEHHOCTH
XapaKTEePUCTUKHU UCITOIb3yeTCs BBIXOHON KacKasl Ha mape ¢ (MTapHoii) KOMIIJIeMeHTap-
HOH (gomonusioneii) o6paTHoii cBs3b10, CFP, a Takske ObLIN IPEAIPUHSATHL HEKOTOPBIE
JIOTIOJTHUTEJIbHBIE Mephl, KACAIONINECsT YPOBHSI IIYMOB, CKODOCTU HAPACTAHUS BBIXO/I-
HOTO CUTHAJA U 33/IaHUST MAKCHMaJBHOTO HATIPSIKEHUS CMEIeHUsT TOCTOSTHHOH cocTa-
Bistored. JlagHas cxema IEWCTBUTEIPHO B 3HAUYNTEIBHOUN CTENIeHNU HECeT OTTIeYaTOK
6e3yKOPU3HEHHOTO YCUIUTES Kiaacca B, moaToMy OBLIO PEIIEHO COXPAHUTH YCUJIU-
TeJib 6A30BO-OMUTTEPHOTO HampsiKeHUs1 Vbe, ucmonb3yeMbiili B ycusurese Kiacca B
U UCIIOJIb30BATh €r0 B KAaUeCTBE CXEMbI OE30MACHOCTH, YTOOBI MPEIOTBPATUTD KaTa-
cTpoUUecKUil OTKA3 B CJIydae, €CJIU CPABHUTETBHO CJIOKHASI CXEMA PEryJIUPOBAHUS
TOKA YCUJTUTENS Kaacca A BBIET U3 cTpos. V13 aToro Bo3HUKIIA Hies ceaaTh YCUITH-
TeJIb He3aMEIJIUTEIBHO TEPEKII0YaeMbIM MEXKIY PEeKUMaMU paboThl B Kiacce A U B
KJ1acce B, 4TO MO3BOJSET TOMYYUTH /(B COBEPIIEHHO PA3JTMYHBIX THUIIA YCHJIUTENS
MPaKTUYECKH TI0 TIEHE OJTHOTO, a TAKKe BBITIOJTHUTH PaJl MHTEPECHBIX OTIBITOB IO OTICH-
Ke KauecTBa 3BYYaHUsl. ITO TAK)Ke TI03BOJIsIeT, HAKOHEI[-TO, C/IeJIaTh PeATbHOE CPaBHe-
HUE U BBIOOD MEK/Ly YCUIMTENAME Kiacca A u Kiacca B...

[Tpu pabote B pexxnMe kiaacca B st yenmnTesst XapakTepHa, Kak TPaBUJIo, He3Ha-
yuTeNbHAS paccemBaeMasi MOIIHOCTh B peknMe TOKos. [lJisi ycumress kjaacca A
TEMJIOBOE PACCEsTHIE JOCTATOYHO BEJIHMKO, TAK KaK B YUCTOM Kjacce A PeKuM paboThi
YCUJIUTENSA PACIPOCTPAHAETCS HA PE3UCTUBHYIO HATPY3KY BIIOTH 710 6 OM 1pu 1moJi-
HOM pasMaxe HAIPSKEHUS 32 CUeT COOTBETCTBYIOIIETO 3a/[aHUs MOJIOKEeHUs paboyeil
toukn Ha BAX; nipu GoJiee TSLKEABIX PEKUMAX HATPY3KH YCUJIUTENb JIETAHTHO Mepe-
XOJIUT B PeskuM paboThl Kimacca AB, B KOTOPOM OH OyZIET OT/IaBaTh MOJHYIO MOIHOCTb
mpy paboTe Ha HArpy3KH BILIOTH 10 3HaueHuit 3 OM 0 TOTro, KaK HauHYT JeHCTBOBATh
orpanuueHust obyactu ycroiunsoir pa6oter (SOAR). Pabora ycuiutesisi Ha BBIXOJ-
HYI0 Harpy3ky 2 OM BechbMa OrpaHUYEHA, KAK 9TO U JIOJDKHO OBITH ¢ OJIHOM BBIXOIHON
[apoi ¥ 3TOT BUJ] HATPY3KU HACTOSITEJBHO HE MOJKET OBITh PEKOMEH/IOBAH.

Eciit KopoTKO, TO [IJIsl yCUIITUTEISI BO3MOKEH CJIEYIONHIA BBIOOP:

1. VIMeTh 04€eHb BBICOKYIO JIMHEHHOCTh XaPaKTEPUCTUKK BO BCe BpeMst pabo-
Tbl (6€3YKOPU3HEHHBIN BO BCEX OTHOLIEHUSIX YCHIUTEIb Kacca B) u
2. UMETD YJIbTPAIUHEHYIO XapaKTePUCTUKY GOJIBINYIO YacTh BpeMeHu (ycu-

JIUTEJIb Kjaacca A) ¢ BpeMeHHBIMHU IepexofaMu B o6jacTh paboTbl AB.
Pexxum pabotbl Kiaacca AB Takike XapaKTepusyeTcst OYeHb BBICOKOU
JIMHEWHOCTBIO MO TEKYIUM MEPKaM, XOTS WM3HAYaJbHO OH HUKOT/IA HE
MOKeT OBITh HACTOJIBKO JK€ XOPOIIl, KAKUM OBIBAET MTPABUJIBHO CIIPOEKTH-
POBaHHBIN W M3TOTOBJIEHHBIN ycuauTesb Kiaacca B. Tak kak dakrrnueckn
OCYIIEeCTBIsIETCS paboTa B TPEX BO3MOKHBIX 06JIACTSX, TO aBTOP CUEJl BO3-
MO>KHBIM Ha3BaTh JAHHYIO CXeMY TPEXMOJAIbHBIM (UM TPEXPEKUMHBIM )
YCUJIUTEJIEM MOIIIHOCTH.

XoTst HUKOT[a HEBO3MOKHO OBITH TIOTHOCTBIO YBEPEHHDBIM, 4TO BaM YIAJI0Ch IPOYH-
TaTh 6YKBAJIbHO BCIO UMEIOIITYIOCS IUTEPATYPY TI0 JAHHOMY BOTIPOCY, OJHAKO, HA OCHO-
Be BCEX CBOWX 3HAHWI, aBTOP JIAHHON KHUTH MOJIAraeT, YTo JaHHOE COOOIIEHE SBIISET-
s IIEPBBIM 110 IIOBOALY TPEXPEKUMHOIO YCUJIUTEJIA.

Kak y:ke ykaseIBajioch paHee, pacueT W MPOEKTHPOBAHME YCUJIUTENS Kiacca A,
00J1a1af01Iero MaJIbIM YPOBHEM MCKaKEHUH, SIBJISIETCSI, B 001I[eM, HA IOPSIIOK TOPA3/Io
6oJiee IPOCTHIM JIEJIOM 110 CPABHEHUIO C TOYHO TAKUM JIESTHUEM CPABHUTEJIHHO C yCHU-
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JuTeneM Kiacca B, Tak Kak Bce CJIOKHOCTH MO OPTaHU3AIMK HAWIYYIIAM 00pa3zom
BCEX BO3MOJKHBIX IMEPECeYeHUil MeXIy BBIXOAHBIMU Hpubopamu ucuesaioT. V3-3a
ATOTO OKA3BIBAETCS OCTATOYHO CIOKHBIM JIEJIOM JIOCTATOYHO TOYHO OTIPEAENNUTD, YTO
MOJKET 03HAYaTh TEPMUH «Oe3yKOPU3HEHHBIN», OTHOCSIITUICS K YCUIUTENIO Kiracca A,
B kmacce B cuTyanus coBepIeHHO IIPOTUBOIOIOKHA, U TEPMUH «0€3yKOPU3HEHHBIN»
HMeeT CBOE JIOCTATOYHO TOYHOE 3HAa4YeHMe; KOTJa BIMSHUE KasK/0ro U3 BOCbMU WJIN
naze etrre GOJTBIIET0 YHMCIa MEXaHU3MOB UCKAyKEHUH CBEIEHO K MUHIMYMY, BCET/IA BCE
PaBHO OCTAIOTCST UCKAYKEHNS, CBSI3aHHBIE C TIEPEX0/IOM 3HAUEHWS CUTHAJIA Yepe3 HyJIe-
Boe 3HauYeHWe (MCKaKEHUS TOUYKU KPOCCOBEPA), MPUCYINUE UCKIIOUNTENBbHO YCUTUTE-
JISIM KJiacca B, ¥ OueHb 9acTO OTCYTCTBYIOT METOIBI JIJIST UX YMEHbIeHUst 6e3 TOro,
4TOOBI PAJIMKAIBLHO HE OTOUTH OT TOTO, YTO MOKET ObITh HA3BAHO UCXOIHON KOHMUTY-
panmeii ycunurens Jluna [Lin]. CiemoBaTenbHo, COCTOSIHIE, COOTBETCTBYIOIIEE TEP-
MUHY «0e3yKOPU3HEHHBIH BO BCEX OTHOIIEHUSAX >, MOXKET OBITH OTHECEHO K HEKOeH pa3-
HOBUJIHOCTH TEOPETUYECKOTO TIpefiesia JIIs YCUJInuTeneld Kinacca B, Ho HUKak He s
yeuauTese kiacca A.

Opnaxko, aHanu3 ycusiuTeseil kaacca B He MoKeT MPOMTHOPUPOBAH, ke B TIPOTIeC-
ce TIPOEKTUPOBAHNS, OTHOCSIIEMCS UCKIIOYUTENBHO K YCUIIUTENISAM Klacca A, Tak Kak
€CJIM YCUJIUTENTh OKAXKETCsI BRIHYK/ICHHBIM PaboTaTh Ha MEHBIIIEE 110 BEJIMYUHE MOTHOE
KOMIIJIEKCHOE COIIPOTHUBJIEHNE HATPY3KHU, YeM OXKUIAJI0Ch, TO OH IepeiijieT B kiaace AB,
[IOCJIE Y€TO BCE JOMOJHUTETbHBIE TI0 Kaaccy B TpeOOBaHUS CTaHYT TaKUMHE JKe aKTy-
aJIbHBIMHU, KaK €CJIU Obl Peyb II1JIa O TIPOEKTUPOBAHUY YCTPOUCTBA J1JIsT PpAOOTHI B UHCTOM
kiacce B. Ycunurens kinacca AB Hukorza He 6yeT B COCTOSHIUN 00€CIeYnTh TAKOM ke
HU3KUI ypOBEHb MCKAKEHUH, YTO U ONTUMATIbHO CMEINIEeHHBI yCUIuTeN b Kiacca B,
OJIHAKO OH MOJKET OBITh CO3/IaH TAKUM, YTOOBI OKA3aThCsI TIPUOIVKEHHBIM K 9TOMY Hle-
aJIy 1OCTATOYHO [IJIOTHO, IIPU YCJIOBUH, UTO BCE MEXaHU3MBI JIOIIOJHUTEIbHBIX UCKaXKe-
HUIT OYyT COOTBETCTBYIONIMMHU YCUJIMSAME CBEJIEHBI K MUHUMYMY.

B ycunurese kmacca A MpuHOCATCS OIpeNieIeHHbIe JKEPTBBI BO MMST KauecTBa, 103-
TOMY CUMTAETCS IOCTATOYHO PE30HHBIM, YTOOBI HE OBITH YIAOBIETBOPEHHBIM YeM-HU-
Oy/ib MeHee 3HAYUTEJHHBIM, YeM HAUTYUIIAst U3 BCEX BO3MOKHbBIX JIMHEWNHOCTD XapaK-
tepuctuku. CieoBaTesbHO, B yCUIUTEE, OIIMCAHHOM B JIAHHOUN KHUTE, NCIIOJIb3YeTCs
THII BBIXOJHOIO KacKaja Ha Iape ¢ KoMILIeMeHTapHoi oOparHoil csisbio, CFP, koro-
PbIil XapaKTepU3yeTCst CAMBIMU HU3KUMU NCKAKEHUSIMU OJ1aroapst MersIM JIOKaJIbHOI
00paTHOW CBSI3WM, OXBATHIBAIOIIMM BBIXOAHBIE ITOJYIPOBOAHUKOBbIE TPUOOPHL OH
TaK)Ke UMeEeT TPenMyIecTBa (oJiee BHICOKOTO BBIXOAHOTO K. I JI. 1O CPABHEHUIO
C BApUAHTOM CXEeMbl SMUTTEPHOrO moBTOpuTesd, EF a Takike mpucyIiyio eMy UCKII0O-
YUTETBHO BBICOKYIO CTaOUIBHOCTH TOKA B paboueil Touke BAX. Bekope craner sicho,
9TO /Ba THX (haKTOpa MPHOOPETainT 0co60 BakHOE 3HAUYEHUE IS TPEeAIaraeMoil
CXEMBbI YCHUJTATEJIS.

ITepBOHAYAILHO BOSHUKJIA HE COBCEM CEPbE3HAS MBICJIb 0003HAYKMTD PEKIM PabOThI
yeuuTens B kiacce A Kak I1oanocmovio auwennviil uckajxcenutl, Tak Kak koaghuiment
HEJIMHEMHBIX MCKAKEHUI OKa3bIBAJICS IPAKTHYECKN HE U3MEPSIEMbIM II0YTH BO BCEM
AKyCTUYECKOM [[Malia3oHe.

OpHako perucTpupyeMbie NUCKAKEHWS B IEHCTBUTENBHOCTUA BCE-TAKU CYTECTBYIOT
Ha vactorax cBbie 10 k11, moaTOMY JlaHHAST HE COBCEM KOPPEKTHAsI ujiesi ObLIa, 1O
CYACTBIO, BCKOPE OTOPOTITEHA.

B mportecce paboThl 0Ka3asoch AOCTATOUHO €CTECTBEHHBIM PACCMOTPETh MOJ Hec-
KOJIbKO WHBIM yTJIOM 3DEHUSI caM TIPOIecC TMPOEKTUPOBAHUS YCUIUTENS Kjacca A,
4TOOBI OTPEIEUTh, He OKAXKETCSl JIN KOHEYHbIH pe3yJIbTaT Ha HECKOJIbKO IOUMOB



328| [JABA 9. YCUJIUTEJIU MOLLLHOCTU KJIACCA A

Gsmke K upeanbHOMy. B pesysibraTe aTOro GBLIO IOJYYEHO BeChbMa HE3HAUUTEIbHOE
yaydnienne B 3 (GEeKTUBHOCTH pabOThl, a TAKKE YIYYIICHIE 110 IIyMOBBIM XapaKTePHU-
ctukam Ha 2 1b. /[onoHUTeIbHO K 3TOMY OKU/IAeMBIH INATIa30H CMEIEeHNs TTOCTOSTH-
HOH cocTastionleii Ob11 ymMensiien ¢ =50 MB 1o £15 MB, npudem 6e3 BCAKMX IOIIOJI-
HUTEJIbHBIX PETYJINPOBOK.

9.8. MonHoe KOMNNEeKCHOe CONPOTUBJIEHME HArpy3KuN 1 padbouni pexmnm

Yeusmarenb paccynTal Ha paboTy Kak B pexkuMax kaaccos A/AB, tak u kiiacca B, xors
9TO U SIBJISIETCS TIPUYMHOM TOTO, YTO €ro XapaKTePUCTUKH MO YPOBHIO UCKAKEHUIT He
SIBJISTIOTCS MICKJTIOUNTEHHO BBICOKUMU. Bee ycumnTe i, BRITIOJHEHHBIE HA HHTETPAJTh-
HBIX MUKpOcxeMaX (6e3 BCSKMX OTPAaHUYUTEIbHBIX YCJIOBHIA, HACKOJIBKO aBTOP KHUTH
OCBEJIOMJIEH TI0 3TOMY BOIIPOCY) ,FOPasiio Jiydiiie paboTaioT ¢ Harpyskoit 8 Om, Kak
C TOYKU 3PEHISI TMHEHHOCTH XapAKTEPUCTUKH, TaK ¥ 9((HEKTUBHOCTH; TPOU3BOANUTENN
JKe aKyCTUYEeCKUX CHCTEM BCSYECKU TOTAKAOT 3TOMY XapaKTepHOMY Npu3Haky. [lpm
Besmmunne Harpyskun 4 O paGora B Kiacce B obGecriednBaer Jydnive 3HaYeHUs TIO
K03 PUIMEHTY HeJIMHENHBIX MCKaKeHMil, yeM pabora B kiacce A/AB, Tak kak
MOC/IeIHIH 13 JIBYX Ha3BaHHBIX Bceraa OyaeT HaxXOAUThes B peskume AB u, ciiemosa-
TEJIbHO, TEHEPUPOBATH JOTIOJHUTENbHBIE UCKAKEHUST BBIXOJJHOTO KACKa/[a MU3-3a yIBO-
enust (3HaueHust KpyTusHbl) gm. (KoTopoe cieoBasio Obl paBuibHEE HA3bIBATH HENO-
CTaTKOM YCHJIEHWS M3-3a €r0 CHIDKEHUS BIBOE, TEPMUH, KOTOPBIN, OJHAKO, TaK U He
MOJIyYnJI BceoOIiero npusHanus.) Bce st HeoueBUHbIE COOTHOIEHUST TIPUBEIEHBI
B Tabi. 9.4.

Ha puc. 9.11 npeanpunsaTa nonbsiTka rpapuyeckt 0T06PasuTh, KAKMM 06Pa3soM MOIII-
HOCTb, COPOTUBJICHUE HArPY3KH U PabOUMil PESKUM CBsI3aHbI MeXIy coboil. Ha mmHax
nuTaHus ObIJIO yCTaHOBJIEHO Hanpstkerue +20 B, uyto mosBosisiio mpu pabore B Kitac-
ce A na narpyske 8 Om passusatb MotHOcTh 20 BT, KpuBbie nipeictaBisior suHuN
MTOCTOSTHHOHM MONIHOCTH (T.e. TIPOM3BejIeHre HallpsiKeHusT Ha ToK, V + I, B Harpyske),
BEPXHIsI TOPU3OHTAJIBHAS JTUHUS MIPEACTABIISIET MAKCUMAJIBHOE HAPSI)KEHUE BbIXOJI-
HOTO CHUTHAJIA, JOTyCTUMOE JIJis HampsiKeHWit Vce(sat), a HaKJIOHHAs JUHUS CIIpaBa
orpaHuumBaeT 0b6aacTb yeroiunBoii pabotel, SOAR; npu go60oM pexkume paboThl yCu-
JIUTEJIST BBIXOIHOM CUTHAJ He J0JIKEH BBIXOJUTH 3a TIPeIesIbl 06IaCTH, OTpaHUYEHHON
YKa3aHHBIMU TpaHUIaMu. IlepeceueHnss MexIy JTUHUSIMHI COMPOTUBIEHUST HATPY3KH,

Tabnnua 9.4.
Harpy3ska Pesxum paboTh Uckaxxenus RSNG|
MOIIHOCTh
8 Om A/AB OueHp HU3KHE Bricokas
4 Om A/AB Bricokue Bricokas
8 Om B Huskue Huskas
4 Om B Cpennue Cpennsisa

[pumedarme. Boicokuii ypoBeHb NCKaXeHMst Ansi BAHHOTO THNQA ycunTe-
ng osHayaet npumepro 0,002% Ha yactore 1 klyu 0,01% Ha yacrote
10 «ly.
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Puc. 9.11. CootHoweHns Mexay Harpy3koM, pexummom pabotsi M
BbIXOAHOM MolHOCTbio. [lepeceyenne Mexay HAKNOHHOW NMHMEN
COMPOTUBAEHUS HArPY3KU U MOKCUMANbHLIMW NPEAenbHLIMU 3HOYEHMS-
MM OrpaHMUYEHMs HANPsXXEHUM M obnacTi ycroiumsoi pabotsi, SOAR,
onpegensiioT, KOTopas M3 NMHWUA MOCTOSHHOM MOLLHOCTU MOXET ObiTh
aocturHyta. Mpu pexume paboter B knacce A/AB pabouas Touka gon-
XHO PACNONAraThCs NIeBee OT BEPTUKALHOM IMHWM, XAPAKTEPU3YIOLLEN
ABYXTAKTHYt0 paboTy ¢ orpaHuyeHnsmMmu Toka ans knacca A

BBIXO/AIIMMHU HAKJIOHHO M3 Hayajla KOOPAMHAT 1 MAKCHMAJIbHBIMU TIPe/IeJIbHbIMU 3HA-
YeHUSIMU OTPAaHWYEHUST HAIPsUKEHUH 1 00stacTu yeroiumBoit paboter, SOAR, onpese-
JIFIOT, KOTOPast U3 JIMHUH MTOCTOSTHHON MOTITHOCTH MOKET ObITh IOCTUTHYTA.

ITpu pesxume pabotst B Kimacce A/AB paGouast TOUKa [0JKHA PACIIONATATHCS JIEBEe
OT BEPTUKAJIBHON JIMHWUHU, XapaKTEPUIYIONIEH IBYXTAKTHYIO PABOTY ¢ OrpaHUYECHUAME
ToKa (IIPU 3HAYEHUN TOKA 3 A, yIBOEHHOM 3HAYEHUN TOKA PaGOU€ell TOUKHU YCIITUTES)
st pesxknMa pabotel B Kitacce A. Eciin cMecTuThCst TipaBee 3TON OTpaHUYUTETbHOI
JIMHUY BJOJTb KaKOU-HUOY/Ab M3 JUHUHN TTOJHOTO KOMITJIEKCHOTO COMPOTHBIEHHS, TO
BBIXO/(HBIE TOJIYIIPOBOJHUKOBBIE MPUOOPBI YCUIUTENST YacTh Tepuoga OyIyT HaXo-
JIUTBCST B 3aKPHITOM COCTOSTHUM, a 9TO COOTBETCTBYET YiKe 06JacTh paboThl B KJacce
AB. TIpu pexxnme paGoTsl B Kiacce B iumust Toka 3 A yike He MMeeT HUKAKOTO 3HAYe-
HUS U YCUJIUTENb OCTAeTCd B ONTHMAJIbHOM KJjacce B /10 Tex 1mop, oka He HACTYIUT
YCIIOBYE OTPAHUYEHS TI0 HATIPSIKEHUIO TJIH OTPAHIYEH e 10 HAXOKAECHUIO B 00IaCTH
ycToitunBoit pabotel. Heo6xoauMo o6paTuTh BHUMaHUE, YTO OCH rpaduKka IpecTa-
BJIAI0T MIHOBEHHYIO MOIIHOCTb B Harpyske, a CaMU 3aBUCHUMOCTH I10Ka3bIBAIOT CPe/l-
HEeKBajIpaTHYecKoe 3HaUeHHe JIJIsT CHHYCONIQJIbHOTO CUTHAJIA, UTO SBJISIETCS IPUINHON
SIBHOTO HECOOTBETCTBUS ¢ KOA(DPUIIMEHTOM, PABHBIM JIBYM, MEXK/Ty HUMU.
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9.9. 3¢ heKTUBHOCTb PAbOTDI

3a6ora oTHOCUTEIBHO 9(PHEKTUBHOCTH pabOTHI YCUIIATEIS KIacca A MOKeT [I0Ka3aTh-
¢s1 TapaJoKCaTbHON, HO OJIHA U3 TOUEK 3PEHUsI Ha 3Ty TMPOOJIEMY 3aKTIOUAETCS B TOM,
YTO KaKIbl BATT BBIXOJHOW MOIIHOCTU B KJjacce A SBJILeTCS CJIUIIKOM OOJIbIION
LIEHHOCTHIO, CBA3AHHOU ¢ BBIAEJIEHHEM M paccesiHueM (T.e. GECIoJIe3HOI moTepeii)
3HAUUTENIHHOTO KOJUYECTBA TEIJIOBOU MOIIHOCTH, MOITOMY JIJIS 3aJaHHOTO yPOBHS
MOIIHOCTH [TOKOSI UMEET CMBICJI YOeIUThCS, YTO YCUIUTE b IPUOIUZUIICS K TEOPETHU -
YeCKOMY IPefeTy COOCTBEHHOTO K. II. JI. HACTOJIBKO GJIM3KO, HACKOJIBKO 3TO BOOGIIE
BO3MOKHO. ABTOP KHUTH TOJIYYUJI JOTIOJTHUTETbHbIE TTOATBEPKIEHUSI CBOEH TOUKHU
3peHUs TPU YTEHWH HEIaBHO OMyOIMKOBAHHOM paboThl Mo pacuery cxembr [11],
B KOTOPOIi, KaK €My KasKeTCs, AparoleHHble BaTTbl OYKBaJbHO BbIOPACHIBAJIUCH Ha
BeTep 3a CUET MCIIOJIb30BAHMUS BHIXOAHOIO KacKaga B BUe TMOPUIHON MHTErpajIbHOI
MUKPOCXeMbI KACKO/Ia Ha GUITOJISIPHBIX U TI0JIEBbIX TpaH3ucTopax. [lajeHue HalpssKeHusl,
npucyinee aToil kKondurypaunuu, Tpebopanin £50 B MUHHOTO HANPSIKEHUS U LIECTU-
KpPaTHOTO YBEJMUYEHUST KOJUYECTBA BBIXOAHBIX MPUGOPOB st goctuxkeHust 100 Br

Py Py Py V+

100 Om
100 Om
CwmelleHne TR5
NcToYHmK
Toka Tennosas OC
4N pexuvma knacca B
Lo IR e
1
|
CwmelleHne |
knacca Avnun B |
—_——
MepeknioyeHne
pexuma B —
paboTbl 3‘—
Crabvnusartop Toka NeKTpuieckas /\/
C ans pexvmMa
LNA pexvma xnacca A Ry
knacca A

TR4
Yeunurtens

Hanps>XeHus

® ® ® V-
OKOHeYHbIli Kackag, Ha COCTaBHbIX TpaH3ncTopax

Puc. 9.12. Ba3sosbliit BBIXOAHOM KACKAA C MCMONb3OBAHUEM NAPbI C KOM-
nnemeHTapHol obpartHoi cesasbio, CFP, opuHakoBo noaxoaswmin ans
pabortbl B knaccax B, AB u A, Bbibop koToporo onpeaenseTcs BenM4MHOM
HanpsxeHus cmeweHns Veum. BenuuuHbl conpotMBneHuit aMMTTEpHBIX
pesuncropos moryT konebatbest ot 0,1 go 0,47 Om
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BBIXOZTHOI MOIIIHOCTH B KJIacce A; TIPM TaKOM HANPSDKEHUY Ha IMUHAX MTUTAHUS MOKHO
6110 Ob1 06eciieunthb 156 BT BbIX0AHOI MotHOCTH 11pH K. 11. . 100 % ycunnrens.

KoadduimeHT ncronb30BaHus YCUIUTEIS 110 HAIPSIKEHIIO HATIPSIMYIO 3aBUCUT OT
HaIPSDKEHUS Ha MTTHAX MMATAHUS, KOTOPOE B PEAIbHOCTH MOXKET PACCMATPUBATHCS KaK
pasMax JBOWHOTO aMILIMTYAHOTO 3HAYEHWS HAIPSKEHUs, MUTAIOUIEr0 HATPy3KY;
3¢ beKTUBHOCTD PabOTHI, Ge3 BCSIKUX COMHEHWIA, 6yIeT MeHbIITe Tpu paboTe Ha HArpy3-
Ky 4 OM u3-3a 60Jiee BHICOKUX MaJ[eHUH HATPSIKEH ST HA OMIYECKUX COMPOTUBJIEHUSIX,
CBSI3aHHBIX C BO3POCIINM 3HAYEHUEM TOKA.

Yeumurenb kaacca B, KOTOpbIi aBTOp KHUTH OITkcal B riiase 6, obsagaet s hexTrB-
HOCTBIO 110 HAIPSZKEHUI0, paBHON 91,7% 1151 OJIOKUTEIBHOTO pasMaxa, u 92,5% nist
OTPHUIATEIBHOTO TIpH paboTe Ha Harpysky 8 Om. ¥Ycuuresu B 0611eM ciiydae He sIBJIs-
I0TCST TIOJTHOCTBIO CUMMETPUYHBIMU, TI03TOMY HEOOXOIMMO YKa3bIBATD [[BA 3HAYECHUS,
COOTBETCTBEHHO, MOXKET UCTIOIB30BATHCsI H0/Iee HU3KOE 3HAUEHUE U3 JIBYX TPUBEICH-
HBIX, TaK KaK OHO OTpefesisseT MaKCUMAJTbHBIA HEMCKAKEHHBIM BBIXOJ MPU CUHYC-
ounanbHoM curnase. [IpuBesieHHbIe BbIllle 3HAYEHISI OTHOCSTCS K BBIXOJHOMY KacKary
Ha SMUTTEPHOM TIOBTOPHUTEJIE, @ BRIXOAHON KacKa/| Ha Imape ¢ KOMILJIEMeHTapHO! oOpar-
noit cBsizbio, CFP, umeer naxe syuiiime xapaktepucTuku, apPeKTUBHOCTD MO HAIPSI-
JKEHUIO /IS TTOJIOKUTENBPHOTO M OTPHUIATETBHOTO padMaxa aMIUIUTY[ HalpsDKeHUN
cocrasisteT 94,0% u 94,7% cooTBeTCTBeHHO. BapnaHT ¢ MCIOb30BaHNEM SMUTTEPHO-
r0 MOBTOPUTEJsE OOECIIEYNBAET MEHBITMH PasMax BBIXOJHOTO HATPSKEHUs, TaK Kak
B HEM UMEETCS [[BA JIOTIOJHUTEBHBIX MaleHrst 6a30BO-9MUTTEPHOTO HAMPsiKeHUsT Vbe
B [TOCJIEOBATENBHON 1IETTH MEXIY IIMHAMU MUTAHUS; BADHAHT CXEMbI HA Mape ¢ KOM-
IeMeHTapHoi o6patHoii csabio, CFP, Bcerma umeet 6oJiee BBICOKY0 3(h(HEKTUBHOCT
110 HAITPSDKEHUIO, TI03TOMY BBIOOP UMEHHO TAKOTO BAPHAHTA 10 CPABHEHUIO CO CXEMOU
AMUTTEPHOTO TIOBTOPUTEJIST /ST PACCMATPUBAEMON CXeMBI YCHJIUTEJIST K1acca A sIBJIsSI-
€TCs1 TIEPBBIM IITAaTOM B JIOCTVKEHUY MAaKCUMAJIbHOTO K. II. /I

Ha puc. 9.12 npuoautcs 6a3oBas cxeMa BBIXOHOTO KACKa/[a Ha TTape ¢ KOMILIEMEeH-
TapHOi oOpatHoi ¢Bsi3bio, CFP, cOBMECTHO ¢ IBYMsI aleMEeHTaMU cMellieHust. B kiracce
A BesumHa TOKA B paboueil TOUKe TOYHO YIPABJISIETCS TOCPEICTBOM OTPUIATENbHON
06paTHOIT CBSI3M; 9TO CTAHOBUTCS BO3MOXKHBIM MOTOMY, YTO B YCHJIUTENSX Kiaacca A
ob1tiee (cyMMapHOe) HampsiKeHre Ha 000MX 3MUTTEPHBIX PE3UCTOPaX Re HEU3MEHHO B
TeyeHne Bcero nepuona. s ycunmuteneir kiacca B ato He Tak, moatomy ciemyer
HAJIESIThCST HA MENA06Y0 00pamuy C6s3b OT BBIXOIHOTO KacKaja, XOTsI, eCJU ObITh
JIOCTATOYHO CTPOTUM, OHA BOBCE HE SABJISETCS OOPATHOW CBA3BIO, a PA3HOBUIHOCTHIO
npsiMoit cBsi3u (cM. riraBy 12). BropbiM HeMamoBaKHBIM IPEUMYIIIECTBOM KOHPUTYPa-
I[UH C UCIIOJH30BAHIEM TTapPhl ¢ KOMILIEMEHTApHO 00paTHOil cBsi3bio, CFP, siBistercst
TO, UTO TOK B paboueil Touke BAX, Iq, 3aBUCUT TOJIBKO OT TeMIIepaTypbl IPEJOKOHEY-
HOT'O KaCKajia, YTO OUeHb BasKHO JIJIsT pabOThI B pesknMe Kiacca B, Korja peasbHoe yripa-
BJIEHVE BEJIMYNHON TOKA B pabovell TOUKe ¢ UCHOIb30BaHUEM 0OPATHOI CBSI3U HEBO3-
MOKHO, OCOGEHHO B TeX CJIy4yasx, KOorjJa BbIOpaHbl OUYeHb Majble 3HAYCHUS
COTIPOTUBJIEHUI IMUTTEPHBIX pe3ucTopoB Re, Takue, nanpumep, kak 0,1 Om BMecTO
6oJ1ee 0ObIYHBIX 3HaYeHUH, paBHbIX 0,22 OM; IIPUYUHDI JKe /I UMEHHO TAKOI'0 BIOOPa
CTaHYT BIIOJIHE SICHBIMU 9y Th TTO33KE.

I dexTUBHOCTH TI0 HATIPSIKEHUIO [JIs1 KBa3U-KOMIIJIEMEHTAPHOTO BAPHAHTA CXEMBI
ksacca A 6a30BOl KOH(MUTYpaIuu, IpUBeIeHHO B pasaese 9.6, ipu pabore Ha Harpys-
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Puc. 9.13. Mogen1posaHme ¢ UCMonb3OBAHMEM CMIELUANM3UPOBAHHOM
nporpammsl PSpice, peMoHcTpupyiowee, kakum 06pasoM NpoUcxopuT
NONOXMTENLHOE OFPAHUYEHME B BBIXOAHOM KACKAAE HA Nape ¢ komnne-
MeHTapHoi obpatHoit ceasbio, CFP. bonee Bbicokoe HanpsxeHue Ha
LWIMHAX MUTOHMS KACKAAA YCUANTENS HAMPSXEHMUS HE B COCTOSHUM YBENM-
YUTb PO3MOX BbIXOAHOIO HANPSKEHMS, TAK KAK OFPAHUUYEHHE YCTAHABAM-
BOETCS MMHMMQMbHBIM 3HOYEHWMEM HanpskeHus Vce NpesoKOHEYHOro
KOCKOAQ, O HE PA3MOXOM BbIXOJHOFO HAMPSXEHMS KACKAAA YCUAUTens
HANPSXEHUs

Ky 8 O™ cocrasisiet 89,9% 111 OJI0KUTETBHOTO 1 92,2% 7151 OTPUIIATEIHHOTO 3HAYE-
Hus Hanpsprerust. [Ipeobpa3oBanue TaHHON CXEMbI B BAPUAHT BBIXOHOTO KAacKa[a Ha
nape ¢ KOMILJIEMeHTapHoi oOparHoil ¢Bs3bio, CFP, yBeJnunBaer JaHHbIe BEJTUUNUHbBI
10 92,2% nist TOJMOKUTEIbHOTO pasMaxa u 93,6 % ais oTpUIATeThbHOTO pa3Maxa
Hanpspkenust. Ciemxyer o6paTuTh BHUMaHKE, YTO 3HaYeHUe ToKa B paboueii Touke (Iq)
IUTsE peskuMa paboThl B Kiacce A, IPUHSITOE paBHBIM 1,5 A, pacmpocTpaHseTcst Ha Bce
paccMaTpuBaeMble CJIy4Yau; 3TO MO3BOJISIET OTaBaTh MOIHOCTH 31 BT B Harpysky 8 Om
[P IBYXTAKTHOM pekuMe paboTe MPH YCIOBUH, YTO HAMPSIKEHIE Ha IMTHHAX MHTAHST
JOCTATOYHO BbIicOKOe. OiHAKO MPUOJIIKEHYE, YTO TIOJTHOE KOMILIEKCHOE COTPOTHBIIE-
HUe TPOMKOTOBOPHTEJIST HIKOT/IAa He CHUIKAeTCsT HIKe 3HaueHws 8 OM, IpejicTaBIsieT-
Cs1 JIOCTATOYHO COMHUTEJIBHBIM, YTOOBI BOCIIPUHUMATD €r0 CIIOKOIHO, U TI09TOMY, KaK
U paHee, IaHHAs CXeMa TI03BOJISIET C MOJHBIM PA3MAaXOM BBIXOJHOTO HATIPSIKEHUS BO
BceM auanasoHe paborel Kiacca A paborarh Ha HarpysKy BILUIOTh J0 CHYDKEHHsSI ee
BeJIMYUHBL 10 3HadeHus 6 Om.

TaxuMm 06pa3oM, BOSHUKAET BOTIPOC, 32 CYET YETO €IIe MOKHO YBETUUNTh 3(DPEeKTHB-
HOCTB paboThl ycuiuTe s, BBeeHUe TOTIOTHUTEIBHBIX 1 60JIee BBICOKUX HATIPSKEHU I



9.9 9ODEKTUBHOCTb PABOTbl [333

Ha NIUHAX TUTAHUS IS MAJOCUTHAJIBHON YaCTH CXEMbl YCUJIUTENs He TPUBOJIUT
K GOJIBIIIOMY YAUBJIEHUIO, K 3HAUNTETHBHOMY YBEJMUEHUIO BBIXOJHOTO CUTHAJIA; PE3YJIb-
TaThl MCCJEMOBAHUI, TIpUBe/eHHble HA puc. 9.13, 0TBeYaloT HAa BOIIPOC, TIOYEMY TaK
mpoucxoauT. B aToii obmactu Ha 6asy BeixogHOTrO prutopa TR mogaercst pakTryeckn
noctosinHoe Hanpsikenre 880 MB mosnoxkuTesbHOM MIMHBL V+, U €CJIM HAIIpSKEHUE Ha
6ase TR7 cxembl IIPEJOKOHEYHOTO KacKaja BO3pacTaeT, OH IPOXOAUT 3TOT YPOBEHb
MIPOJIOJIKAET BO3PACTATh; HO OTCEYKH ITOKA HE HACTYIIAET. Y CIOBUS HA SMUTTEPE TPAH-
3HMCTOPA IPEJOKOHEUYHOI0 KacKajla CIeAyIoT 3a YCJOBUAMU Ha 6ase TpaH3UCTOpa IIpe-
JIOKOHEYHOTO KacKajia /1o TeX IOp, MOKa Pa3HUIla B BEJUYMHE HAMPSIKEHUN Ha 9TOM
SMUTTEpPE U Ha 6ase BHIXOAHOIO Kackaza (T.e. HanpsikeHnue Vee IpeJoKOHeYHOro KacKa-
J1a) CTAHOBHUTCST HACTOJIBKO MaJIOi, YTOOBI IOIYCTUTh JAIbHENIIYI0 IPOBOJUMOCTb; 9Ta
TOYKA «I[I€PEKPBITUsSI> YKasaHa crpeiakamMu A — A. B a10il Touke Hanpsikenue Ha Gase
TPAH3UCTOPa TPEIOKOHEUHOTO KacKaja BBIHYKIeHHO BbIpaBHUBAeTCs, XOTS OHO U
npoposKaeT ocraBatbess npumepuo Ha 500 MB Huke ypoBHST HANpSUKEHMS ITUHBI
nutanug V+. Cirenyer Takske 00paTUTh BHUMAaHKE, KAK IIPONAIaeT HAPSKEHNE MEKIY
mHOH V+ 1 sMuTTepoM Tpansucropa TRS.

Taxum 06paszoM, 6osiee BEICOKOE HAIpsKEeHUe MUTaHUs Ha MIMHAX He Oyer 1aBaTbh
yBeJIMUEHUE pa3Maxa JBOWHOTO aMILJIUTY/THOTO 3HAYEHUS, BBIBOJ, KaK TOTOB JIOIY-
CTUTh aBTOP KHUTH, SIBJSIETCSI HECKOJBKO OOECKypakuBawomuM. boJsiee BBICOKOE
HalIpsKeHHe Ha MIMHAX MaJOCUTHAJIBHOIO 0JI0Ka 0OeciieunBaeT MOJIKHbIA Pe3yibTar
TOJIBKO B YCUJIUTEJISIX Ha TIOJIEBBIX TPAH3UCTOPAX, KOrjaa 60jiee BBICOKOE HAIPSIKEHHE
Vgs, neobxoaumoe 151 GopMHUPOBaHUs KaHaua nmposoguMoctu (5 B wiu Gonee), nesa-
€T ero UCIOJIb30BaHNE MOYTH 00513aTEIbHBIM.

Bce 3Havenus K. 11. 1., IPUBEJEHHbIE BbIIlle, OKAa3bIBAIOTCS BO BCEX CJydasax OOJIblie
IUJIST OTPUTIATEBHOTO, & He TTOJIOKUTENIBHOTO 3HAYEHUST pa3Maxa JBOHHOTO aMILTUTY/I-
HOTO 3HAUYECHUsT HanpspKeHus. [IpubinmkeHre K HAPSKEHUIO Ha MIMHAX JJIST OTPHUIA-
TEJLHOTO OIPAaHUYEHUsI OKasbIBaeTCs cjierka OJIMKe M3-32 TOTO, YTO OTCYTCTBYET
Hampsukerune cMerienus 0,6 B, onpezesissieMoe mazieHreM HaNPSKEHWST HA PE3UCTOPE
R13; omnako maHHOE TPEUMYIIECTBO YTPAUYMBAETCS W3-3a TOTO, YTO CYIIECTBYET
HEOOXOAUMOCTh TEPSATh HEKOTOPYIO YacTh HanpsikeHust Ha RC-puibrpe 1 ucTouHM-
Ka OTPUTIATEIBHOTO HANIPSKEHUs V — 110 Ty TH K TOKOBOMY 3€PKaJly ¥ KaCKaIy yCUJICHUS
HaNpsKeHUst. ITOT (PAKTOP CTAHOBUTCI OCOOEHHO CYLIECTBEHHBIM, €CJIU HEOOXOAUMO
MOJIYYUTh IEHCTBUTEIBHO BRICOKOE KaueCTBO PabOTHI yCTPOUCTBA C YIOBJIETBOPHUTEIb-
HBIM YpOBHeM TiyJsibcaninii u ¢hona (cM. [aBy 8).

B nouckax myTeil JOCTHKEHMS BBICOKOTO 3HaUeHUS 3 (HEKTUBHOCTH PabOThI COBEP-
IIIEHHO OYEBUAHBIMU KaHANAATAMU Ha 3TY POJIb CTAHOBSITCS 3HAUEHUS COIPOTUBIEHNH
BBIXOAHBIX OMUTTEPHBIX Pe3UCTOPOB Re. XapakTepuCTHKH ONMCAHHOrO OJI0Ka yrpa-
BJICHUST TOKOM B paboueil Touke, 0COOEHHO TOT/A, KOT/Ia OH OKa3bIBAETCSI JOTOHEH-
HBIM BBIXOZHBIM KACKaZIOM Ha Iape ¢ KoMILIEMeHTapHoi o6paTHoii csisbio, CFP, oka-
3BIBAIOTCST OoJiee YeM JOCTATOYHBIMH JIJISI TOTO, YTOOBI YMEHBIIUTHh 3HAYCHUS
COIPOTUBJIEHUI JAHHBIX PE3UCTOPOB, COXPAHSIA IIPH STOM IIEPBOKIACCHYIO CTAGUIIb-
HOCTb BEJIMYMHBI TOKA B paboueii Touke BAX, Iq. ABTOp KHUI'M KCII0/Ib30BAJI 3HAUEHKE
conporusyienus 0,1 OM B kauecTBe HAUMEHbIIIETO TPUMEHSIEMOTO Ha TIPAKTUKE 3HAYEe-
HUSI, ¥ JIa’Ke 9TO 3HAUEHUE OKAa3bIBAETCSI CPABHUMBIM C CONTPOTHUBJIEHUEM TOKOBELYIITUX
JOPO’KEK TI€YaTHBIX IJIAT, B CUJIY Yero MproOpeTaeT BaKHOe 3HAUEHUE HEKOTOPAst
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ABRE22.CIR  CFP  CLASS-A O/P, MPSA42/92, MJ802/4502, Vbias=02/8/93
Date/Time run: 03/15/95 22:58:33 Temperature: 25,0
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Puc. 9.14. JIuneHOCTb XOPAKTEPUCTMK BBIXORHOTO KACKAAQ HA NApe C
KoMnnemeHTapHoi obpatHoi ceasbio, CFP, npu Bennumne conpotuene-
Hus Re = 0,22 OM. BepxHsis KpuBas OTHOCHTCS K pexnmy paboTsi B knac-
ce A Ha Harpy3ky 8 OMm, HuxHsa - k pabote B knacce AB Ha Harpysky
4 OM, BEMOHCTPUPYS CTYNEHYATbIE U3MEHEHMS B KO3PdULMEHTE ycune-
Hus Ha 0,024 eppnmupl

OCTOPOKHOCTD IIPY PACCMOTPEHUM TOYHBIX JleTajell (pu3nuecKuX IPOIECcCOB; B OCO-
GEHHOCTH 9TO KACAETCS IMUTTEPHBIX PE3UCTOPOB, KOTOPBIE MOJIKHBI PACCMATPUBATHCS
B KQ4eCTBE YETHIPEXTIOIIOCHUKOB, YTOOBI UCKIIOUNTH HEsKeJIaTe/IbHbIe TTajleHNsT HATIPS-
JKEHUS B TOKOIIPOBOJSIIUX I0POXKKAX, TOAXOAAIIUM K KOHTAKTHBIM IJIOIIAIKaM Pe3U-
CTOPOB.

Ecim Besmunny conportuBienus: pesucropa Re ymensimuts ¢ 0,22 Om 10 3HaueHNs
0,1 Om, T0 3b(heKTUBHOCTD TT0 HATIPsIKEHMIO yBeanuuBaercs ¢ 92,9/93,6% mo suavenuit
94,2/95,0%. Pa3Be mioxo uMeth Takoe yiyurienne? /lanee3 orpaHidenHas HanpsiKeH-
€M BBIXO/IHAsI MOIITHOCTB ITpH paboTe Ha Harpysky 8 Om Bospacraet ¢ 31,2 10 32,2 Bt ipu
HANPSsKeHUU Ha MUHAxX *24 B mpakTudecku mpy Hylegvix MaTepUAbHBIX 3aTpaTax, HO
OLITO OBl GECTIONE3HO TPUTBOPATHCS, YTO UTOTOBOE YBETUYEHWE YPOBHS 3BYKOBOTO
JIABJIEHUS OKAYKETCS 3HAUYNTENHLHBIM; BCE 3TO, TIPAB/Ia, TPUHOCUT MOPATBHOE YIOBJIETBO-
penue, yTo HarGOJIbIAs MOIIHOCTD YCUTUTES KJacca A, HACKOIBKO 5TO BO3MOKHO JIJIst
JTAHHOTO YPOBHSI PacCEnBaEMOil MOIITHOCTH, JOCTUTHYTA; C1ab0oe, OJHAKO, YTEIIeHHE.

JIuHENHOCTh BBIXOHOTO KAaCcKa/a Ha Tape ¢ KOMIIEMEHTAPHON 0OpPaTHOU CBSI3bIO,
CFP, pabotaiomiero B kiacce A, 4yTb-4yTh XysKe TPU UCTOJH30BAHUYM IMHUTTEPHBIX
pesucropos ¢ conporusaerusamu 0,1 Om, XoTs 9Ta pasHuIla OYeHb Majia U MOKeT ObITh
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Puc. 9.15. JlunerHoCTb XQpAKTEPUCTUK BBIXOBHOTO KACKAAA HA NAPE C
KoMnnemeHTapHoi obpatHoi cessbio, CFP, npu Benuumnne conpotuene-
Hus Re = 0,1 Om, no-HoBoMy cMeLLeHHOrO, 4TO6LI 0BecneynTs 3HaYeHWe
Toka B paboueit Touke 1,5 A. Habniopaerca cnerka Gonee xypwas
NMHEHHOCTb B 06NACTU NNoCcKoi BeplmMHbl gns pabotsl B knacce A no
CPUBHEHMIO C UCMONb3OBAHMEM IMMTTEPHBIX CONPOTUBAEHUI C BENUUM-
Hot 0,22 Om, ogHOKO, CTYNEHbKM HQ 3ABUCMMOCTU ANsl CONPOTUBAEHMS
Harpy3kn 4 Om (knacc pabotsl AB) ymeHbwmnuce sasoe Ha 0,12 epu-
Huu, Cnepyet oTMeTUTb, 4To 06a 3HAYEHUs KO3DPULMEHTA yeuneHus B
AAHHOM Cryyde pacronoxXeHsl 6anxe K eanHuLe; Macwtab NoaHOCTbIO
cosnagaet ¢ Macwrabom sasucumocten puc. 9.14

3a(UKCUPOBaHa TOJIbKO B PeKMMe PA3OMKHYTOH IellM; Pe3yJIbTaTbl MOJIeJNPOBAHU
ko3 buIIreHTa HeTMHEHHBIX MCKaKeHUi i Hanpsiskenus 20 B aBoitHOTO aMInTyI-
HOTO 3HAueHWs W ¢ Harpyskoil 8§ OM mokazamu ysenudenue Tospko ¢ 0,0027% mno
0,0029%. Bo3MO3KHO, UTO 9TO CBSA3AHO IIPOCTO CO CJAETKa HoJiee HU3KUM OOIIMM COIIPO-
TUBJIEHUEM [IJIs1 BBIXOJTHOTO KaCKaJa.

O/HaKO B TO JKe caMoe BpPeMsI YMEHbBIIIEHNE BETUIUHBI COTTPOTUBJIEHUN SMUTTEPHBIX
pesuctopos 10 0,1 Om obecrieunBaet ropas3no 6ojiee HU3KME UCKAKEHUS TP BBIXOIE
YCUJIUTESE U3 PesKiMa paboThl B KJacce A; OHO YMEHBIITAET BABOE BETUYMHBI U3MEHE-
HUIi TMara yCWJeHus, CBONCTBEeHHOTO Kiaaccy AB, a Takxke ahdeKTUBHO yMeHbITaeT
HCKaXxeHust Ipu pabote Ha HArpy3Ky 4 OM. Pe3ybraThl MOJIEIMPOBAHYST IMHEHHOCTH
BBIXOIHBIX XapaKTEPUCTHUK TIPUBOAATCS Ha puc. 9.14 u 9.15; pe3ynbraTsl ©3MepeHUi
KaK PeasibHOTO, TaK U «Oe3yMpHeYHOro BO BCEX OTHOIIEHUSAX> TPEXPEKUMHOTO (Tpex-
MOJIAJIbHOI'0) YCUJIUTeJIsl IPUBOAATCA Ha puc. 9.16, U3 KOTOPLIX €O Bceil 04eBUIHOCTBIO
caemyeT, 9To Koa(hUIMeHT HeJMHENHBIX UCKasKEHNU YMEHBIIIAeTCS BABOE TIPU BBEIE-
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Puc. 9.17. [lokasatenbctsa Toro, 4TO BEAUYMHBI SMUTTEPHBIX PE3UCTO-
pOB OKA3LIBAIOT FOPA3A0 MeHblUee BiMsHWE npu pabote B knacce B.
BoixopHas MowHocTb ycunutens coctasnsna 20 Br npu pabote Ha
Harpy3ky 8 OM 1 npu onTMMAnbHOM 3HaYeHMM cMeleHus. MHTepecHbiM
baKTOM SBNSETCA TO, YTO HET HEOBXOAMMOCTU NPOU3BOAUTL YCTAHOBKY
CMeLLEHNS NPU U3MEHEHNM BENIMYMHBI CONPOTHBNIEHMS Re

HUU 3TUX INIPOCTBIX M3MeHeHMH. Hackosbko aBTOp KHUTM CBEIYII B 3TOM BOIIpOCE,
[OJIyYEHHBIN PE3YJIbTAT SIBJISETCS COBEPIIEHHO HOBBIM; €CJIU HEOOXOAUMO paboTaTh B
kaacce AB, To ciieyeT BHIOMpATh BEJUUYMHY CONPOTUBIEHIUIT SMUTTEPHBIX PE3UCTOPOB
U3MEHEHUS

HACTOJBKO HU3KOH, HACKOIBKO 9TO BOSMOYKHO, YTOOBI CBECTH K MUHUMYMY
koaddunrenTa ycuaeHus.

PaccmoTpeB mpo6GieMbl THHEHHOCTH XapakTePUCTHK MpU paboTe YCUIUTETST
B kaaccax A u AB, He cienyer npeneGperaTh TeM, Kakoil a(heKT BBI3OBET 3TO pajiu-
KaJIbHOE M3MEHEHNE B BEIMYUHAX COMPOTUBJIEHUN Re Ha TMHEIHOCTDh XapaKTePUCTHK
mpu paboTe Kackaza B kiaacce B. OTBeT Ha 9TOT BOTIPOC, TIPaB/a, He OY€Hb OOCTOSTENh-



9.10. O HAMPS)KEHMU CMELLEHUS NMPU TPEXPEXXMUMHOWM PABOTE YCUJIUTENS [337

° - V+

10MA l _______ Tepmokomnercauns
1
! A .
T 3
X R15 TR6 [+150 MB
l 2,2 KOm
R10 ! |
680 Om : TR14 CU
1
TR1_3- TR15 TR16
R11
270 Om + Bbixop,
1,5B
PR1 7 VOI‘IOPH
1 kOm
Y
YcTaHoeka B
CMeLLeHns °
knacca B
TR4 TR8 |.150 mB
Yeunutens 1mA l
Hanps>xeHns
3 * ® V-

Puc. 9.18. Pabota ynpoleHHOM CXeMbl YNpaBneHus TOKd, AEMOH-
CTPUpYIOLWEN CTAHAAPTHBIE 3HAYEHMS MOCTOSIHHOrO HAMPSKEHMS AN
Knacca A. Touku A, B, X u Y ykasaHsl Ha puc. 9.6 Ha cTp. 318

HBIH, MOKHO HAWTH Ha 3aBUCUMOCTSX, TPUBEJICHHBIX HA puc. 9.17, U3 KOTOPBIX CIey-
€T, 4TO UCKaKEeHUsT IIPU ITepeXo/ie CUTHAIA Yepe3 HyJieBoe 3HaueHue (B TOUKE KPOCCO-
BEpa) MOKHO CYMTATh HECKOJIBKO GOJBIINMU TIPH MCIIOJIb30BAHUN BEJUYUHBI COIIPO-
tunenns Re = 0,2 Owm, ueM 1ipu UCIIOIb30BaHNU BeJUYUH conipotuBiienuit Re = 0,1
Owm 6o Re = 0,4 Om. Bompoc, saBisercs jiu a1oT aGherT yeToiunBbIiM (I KacKa-
JIa Ha mape ¢ KOMILIEMeHTapHo# o6paTHOit ¢Bsa3bto, CFP, Bo BesikoM ciryuae) Tpebyer
JATTHHENIIETO YyTOUHEHUSI.

BoJiee moapoOHO MeXaHU3M YIIPABJICHU ST HATIPSKEHUEM CMEIIEHUS 1 TTEPEKJTIOUEeHI-
eM MeJK/ly PesKUMaMu paboThl yCUJIUTeNs onuca B pasjenax 9.10-9.13.

9.10. O HanpsXXeHUU CMELLLEeHUS NPU TPeXpeXXMMHON paboTe ycunutens

Ha puc. 9.18 npuBoauTCS YyIPOIIEHHBIH BAPUAHT CUCTEMBI 33JIaHWST HATIPSIKEHUS CMe-
MIEHUsT [T TPEXPEKUMHOTO (TPEXMO/IATHHOTO) YCUIUTENS; TIOJHBIM BAPHAHT CXEMBI
npuBoauTcs Ha puc. 9.19. Hanpstxenne mexxy Toukamu A u B 3amaercst oo U3 IBYX
CXeM yIIpaBJIeHUsI CUCTEMBI, TIPUYEM Beylieil (OIpeesionieil KOMaH/bl) OJ[HOBPe-
MEHHO MOKeT ObITh TOJIbKO OZHa U3 HUX. Tak Kak 00e M3HaYaJIbHO SABJIAIOTCS CTaOMIIN-
3aTOpPaMU HATIPSKEHUS € TAPaJJIETbHBIM BKJIIOUEHUEM DPETYJUPYIOIIETO 3TEMEHTa,
PACIIONIOKEHHBIMU MeEKAy ToukKamMu A u B, To pesysbraToM SIBJsIeTCST TO, YTO B
BBIUTPBIIIE OKA3bIBAETCS CAaMO€e MEHbIIIee HalpsKeHue. B TaHHO cXxeMe UCToJIb3yeTCst
HOBas cXeMa PeryJnpoBaHus TOKa I YCUJIUTEs Kjaacca A, KoTopas ObLia PaccMo-
TpeHa B paszesie 9.5, afanTUPOBaHHAS ISl CIIOJIb30BaHIS SMUTTEPHBIX PE3UCTOPOB C
conporussienrieM 0,1 OM (B OCHOBHOM 3a CUET YMEHbIIIEHUST OIIOPHOTO HATIPSIXKEHUS 710
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300 MB, uro obGecrieurBaeT 3HayeHue TOKa B paboueil Touke, Iq, Beamumuoi 1,5 A,
KOT/Ia yCTaHABJIUBAETCS HA OOIIEM COITPOTUBJIEHUH SMUTTEPHBIX PE3UCTOPOB CO 3HAYE-
uuem 0,2 Om).

[MapanrensHo co cXeMOU yIpaBJIeHWS] TOKOM BKJTIOUEH YCUJIUTETHh HAMPSLKEHUS
Vbe tpansucrop TR13. IIpu pabote B peskume Kiaacca B cxema ympaBieHHs TOKOM
GJIOKUPYETCst, ¥ HeOOXOAMMOe CMeIlleHne [Ijisi 00eceYyeHrs] MUHUMAJIbHBIX MCKasKe-
HUIl TOYKH Tepexojia Yyepe3 HyJieBoe 3HaueHue (TOYKY KPOCcoBepa) 0OeCcIeunBaeTcst
OOBIUHBIM IIyTE€M PEryJIUPOBKOIl (YCTAHOBKOI) IIPeABAPUTEIbHO 3aJaHHOIO 3HAYEHMS
Ha PR1, uro06bI ycTaHaBIMBaTh HANpsiKeHue Ha TpaHsucrope TR13. TIpu pesxime paGo-
ThI B KJ1acce A/AB HanpsikeHue, KOTOPoe CTPEMUTCS TOIePKUBATh Tpansuctop TR13,
yBeJIMunBaercs (3a cueT 3aMbIKaH!st HAaKOpOoTKO PR1) 10 3HaueHwust G0IbINEro, yeM To,
KOTOpPOe HeoOX0AMMO JiJist paboThl B Kiaacce A. CxeMa peryJiMmpoBaHust TOKOM, CJIef0Ba-
TeJbHO, BHOCUT U3MEHEHUSI B BEJIMUMHY HAPSKEHUS MeXKTy Toukamu X U Y U, MTOKa
0HO He yMeHbInuTcs, Tpan3uctop TR13 3akpeit. Touku A, B, X 1 Y — 910 Te ke cambie
Y3JIbI CXEMBI, YTO ¥ B CXEMeE [TPOCTOrO ycuyutesist kiaacca A (cMm. cxemy Ha puc. 9.6B).

9.11. Pabota B pexxume knacca A/AB

ITpu pabore B pexkuMe, COOTBETCTBYIOIEM Kiaccy A/AB, cxema peryinpoBaHusi TOKOM
(rpansucropsl TR14, TR15, TR16 Ha cxeme puc. 9.18) GyzeT akTUBHOIA, a TPAH3UCTOP
TR13 orkirouen, Tak kKak Tpan3uctop TR20 3amknyn sakopotko PR1. Tpansuctopst
TR16, TR15 o6pasyior npocroii muddepeHInanibHblil YCUIUTE b, KOTOPBINA IIPOU3BO-
IIUT CpaBHEHNE OMOPHOTO HANIPSKeHUS Ha pe3rcTope R31 ¢ HanpsKeHUsIMU CMeTeH s
Veum Ha aMuTTepHbIX pesucropax R16 1 R17; kak yike 00bsCHSAIOCH paHee, Ipu pabo-
Te B PeXKUMe Kjacca A 3TO HAMpPsKEHUE OCTAeTCsl TIOCTOSTHHBIM BHE 3aBUCUMOCTH OT
BEJIMUMHBI TOKA, TUTAIONIETO HArpy3Ky. Eciiu majieHre HANPs)KeHUS HA PE3UCTOpax
R16, R17 cTpemurcs Bo3pacTtu, To TOK depe3 Tpansuctop TR16 Bo3pacraer, yBeanyu-
Bas TPOBOJIMMOCTD TpaHaucTopa TR14 u cHUKas BeTMUUHY HANPSIKEHUS MEXKIY TOY-
kamu A 1 B. Pesxumbt pabotsl Becex TpansuctopoB TR14, 15 u TR16 «iwibiByT> BMecTe
C BBIXOJIHBIM CUTHAJIOM YCUJIUTEJISI, TTOITOMY HCIIOJIb3YETCS] HCTOUHUK TOKa B 00MIeit
menu tutanus (tpansuctop TR17).

ABTOD KHHUTH COBEPIIIEHHO TOYHO MPENCTABISIET, YTO CXEMA PErYIMPOBAHUS TOKOM
3HAYUTENBHO CJIOKHEE, YeM IPOCTON YMHOKHUTEb HANpsiKeHUsT Vbe, cxeMa KOTOPOTO
pUMeHsieTcs1 B GOJIBITUHCTBE pa3paboTok ycunutesei kiacca B. CyiectByer Brio-
He OTpe/ie/IeHHast OMACHOCTD, YTO ONTHMOKA MOHTaXKa MOKET MIPUBECTH K MTPOTEKAHUIO
3HAYUTENHLHOTO 110 BEJUUYNHE TOKA, KOTOPBIIl CMOXKET BBIHYIUTH BBIXOAHBIE TIPHOOPHI
MOKEPTBOBAThL COOON paau TOro, 4TOOBI YIlEJIeTH TIaBKUEe MPEIOXPAHUTETH IIHH
nutanust. Tpausucrop TR17 o61iero ncTouHnKa MUTaHUsT 0COOEHHO YSI3BUM, TaK KaK
mobast HewcnpaBHOCTH (OMMOKA), KOTOpasi MPUBOAUT K OTCYTCTBUIO TOKa 0OIIeil
[eNy MUTaHus, cMelaeT Bo3OyskaeHue K Tpansucropy TR14, cxema ympaBieHust
TOKOM GJIOKMPYETCsI, & TOK BBIXOJIHOTO KACKaJla BO3PACTET B OUEHD OOJIBIION CTEMEH.
Ha puc. 9.18 Tpansucrop TR13 ymHo)uTesT HAPsizkeHIs Vbe BBICTYIIAeT B KauecTBe
1IETNN 3aIUTHI, KOTOPAas OTPAHUYMBAECT HATIPSKEHNE CMEIIeHUsT VCM 3HaYeHUeM TIpHU-
mepHo 600 MB, oTimualomuMcs ot o6pruHoro suavenus 300 MB maxe B ToM ciyuae,
€cJIn cxeMa yIpaBJIeHNsT TOKOM MTOJTHOCTBIO BBITIIA M3 cTPos u Tparsuctop TR14 mos-
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HOCTBIO BBIKJTIOUEH. Takoe ycaoBre obecrednBaeT BEJIMINHY TOKa B pabodeil Touke
3,0 A, ¥ aBTOp KHHUTHU TOTOB 3aCBU/IETEICTBOBATD, YTO 3TO OYIET HKCIEPUMEHTOM Ha
BBIKUBAHME JUJII BBIXOAHBIX MOJYIPOBOAHUKOBBIX MPUOGOPOB B KPATKOCPOUHOM
TJIaHe; O/THAKO OHU MOTYT MPOCTO BBIUTH U3 CTPOS U3-3a MEPETpeBa, eCI JTOMYCTUTD
110JJOOHbIE YCJIOBUSL.

EcTb elnie HECKOTBKO CyTIIECTBEHHBIX 3aMEUaHUI OTHOCUTEIBHO CXEMBI PETYIINPOBA-
Hus TOKOM. TToJHbII TOK 00IIei el TUTaHus YCUIUTENS OMNOOK, Olpe/eisseMblil
tpansucropoM TR17, nmepexaunBaercst ot TpansucTopa TRS mcroyHmKka ToKa Kackaja
YCUTUTEJIS HAPSKEHUS, U IOJKEH TPUHUMAThCS BO BHUMaHNe, KOT/Ia TapaHTUPYeT-
€41, YTO BEPXHsIsl MOJIOBUHA BBIXOAHOTO CUTHAJA 00ecTieueHa JOCTATOUHBIM M0 BEJIUYHU-
HE TOKOM KacKajia peIBaPUTENbHOTO YCUIECHUSL.

Jlossken ObITH 0becIedeH JOCTaTOUHbBIH 110 BeJIMYMHE TOK B O0LIell el MuTanus,
CIIOCOOHBIN BKJIIOYUTH TpausucTop TR14, yunuThiBast IpU 9TOM, UYTO OOJIBIIASA YACTh
KOJUIEKTOPHOro ToKa Tpansuctopa TR16 mporexaer yepes pesucrop R15, urobb
yIepKUBaTh TpuUMepHbiil OGamnanc auddepenimanpioii mapsl. Ecan omryrmaercst
MOTPeOHOCTh BHECTH M3MEHEHHS B TOK KacKaja YCUJIUTEJIsI HAlTPsKEHUsT, He0OXO0u-
MO TaKsKe IIOMHUTH, 4TO 6a30BbIil TOK TpaHsucropa TR6 Kackana mpeaBapuTesbHOTO
ycurenust 6yer GoJIblite Mo BeJTMYIHE TPU paboTe B KJacce A TI0 CPABHEHUIO C PEKHU-
MOM paboThI B Kjtacce B, 0aTOMY CKOPOCTH HapacTaHUsI TOJOKUTENBHON MOTYBOJI-
HBI cUTHaMa OGy/IeT cJerka yMeHbIeHa TIPY Mepexojie U3 peskuMa paboTsl kiacca A
B KJsacc B.

B opurunanbHOM ycusmTese Kiacca A UCIOJIb30BAIACH (MHTETPAIBHAST MIKPOCXe-
Mma) LM385/1.2 kommanuu National, ee BbIX0JIHOE HaNpsizKeHIe UMeJIo (PUKCHPOBAH-
Hoe 3Hauenve 1,233 B; nanHoe HanpspkeHye ObLIO YMEHBIIEHO TIPUMEPHO J[0 3HAYEHIIST
0,6 B c nciosib3oBanmem femutesst HanpsikeHus u3 peauctoposl kOm — 1 kOwm. Cxema
TaK)Ke YIOBJIETBOPUTEJNHHO paboTajia MPU KCIOJb30BAHUU OMOPHOTO HAMPSIKEHIST
Vref, 3amaBaeMoro KpeMHUEBBIM ANOIOM, IpudeM, 3uauerne 0,6 B sBisuioch Bosme
MTOIXOASIIAM HAMPSLKEHNEM CMETIEeHHsT V CM, SIBIISIONTUMCS TTaJIeHeM HAMPSDKEHWS Ha
JIBYX BBIXOJHBIX IMUTTEPHbIX pe3ucropax Beswuunoir 0,22 Owm. [lanHoe pelienue
SIBJISTETCS TTPOCTHIM U COXPAHSIET 3AIMUTY TOKA B paboueil Touke, Iq, OT BIUSHMS TeMITe-
PaTYPHBIX M3MEHEHUH TEIJIOOTBOASIIMX PAJUATOPOB U BBIXOAHBIX TPUOOPOB, HO OHO
B PEATbHOCTH TTPUHOCUT B JKEPTBY OOIIYIO 3AMUIIEHHOCTh OT U3MEHEHS TeMIIepaTy-
PBI OKpYKatoleil cpeibl, KoTopyio obecrieunBaet band-gap reference.

WNurerpanpuas mukpocxema LM385/1.2 gBiseTcs MCTOYHUKOM CaMOTO HHU3KOTO
band-gap aTasoHHOrO HANPSIKEHMS, KOTOPast K TOMY K€ HIMPOKO JOCTYIIHA; OJHAKO,
HarpsKeHre, KOTOPoe MOKa3aHo Ha cxeMe puc. 9.18, obHapyKuBaeT HEKOTOPbIE CIIOK-
HOCTH € HOBBIM, 60JIee HU3KNM 3HAYEHUEM HAIPSIKEHVS CMEIEHUs, VCM, U KaCKaoM
Ha [ape ¢ KOMIIeMeHTapHOU 00paTHOi cBsi3bio, CFP; pasHUIIA B HANIPSKEHUN MEKITY
toukamu A u Y cocrasiser Bcero 960 MB, uto He obeciieunBaer ycaoBuil At paboThL
CXEMBI 3TAJIOHHOTO HATIPSKEHMS, €CITM OHA TTUTAETCS OT y3Jia A, KaK 3TO OCYIIECTBIIS-
eTcsl B UCXOJHOI cxeme. PellleHue 3aKJII04aeTcsl B OCYIIECTBIEHUY TUTAHUS CXEMbI
ATAJIOHHOTO HAIPSIKEHUS OT TII0COBOM MUHBI V+ uepe3 pe3uctopsl R42 u R43. Cpen-
HSIsI TOYKA [IEMH 13 STHUX JBYX PE3UCTOPOB UCTOILIYEMCS 8 KAuecmae mouKu nooxaoue-
HuUs Komnencayuonnotl oopamnoil céssu (bootstrapped) oT BHIXOIHOMN IMHBI YCUTUTEJIST
yepes koupencarop C5, yaepKuBas najeHne HarpsuKeHust Ha pesuctope R43 mocrosin-
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HBIM ¢ BBICOKOH s(dektuBHOCTbIO. C APYroil CTOPOHBI, MOKET OBITh MCIIOJb30BAH
WCTOYHUK TOKA, HO 3TO MOXKET YMEHBIIUTDb MOTOJOK JIJIST MTOJOKUTEIbHOTO CUTHATIA.
Tak kak 6oJiee He CyIECTBYET CTPOTHX OTPAHMYEHUH MO BEPXHEMY 3HAYEHUIO JIJISA HTa-
JIOHHOTO HATPSIZKEHUSI, MOTYT ObITh UCITOJIB30BaHbI TOPa3ao GoJiee AOCTYITHbIE TPUGOo-
pbI (MHTErpaJbHbIe MUKPOCXEMBI ) ¢ HaNpsuKeHneM 2,56 B mipu yciioBu#, 4T0 COMPOTHB-
sierne pesucropa R30 coorBercTByomuM o0pasoM yBeiandeHo 10 sHaueHust 30 kOm,
4T00BI 00ecTieunTh Ha pesuctope R313HaueHune stamorHOro Hanpsikerust Vref, papaoe
300 mB.

ITpu MPaKTHYECKOM HMCIOJb30BaHUK CTabUIBHOCTh TOKa B paboueit Touke, Iq,
OYEHb BBICOKA, COXPAHASACH B IIpesiesiax 1% B TedeHnue JTUTEIBHOTO epruojia BpeMe-
Hu. HanGostee 04eBUIHBIM OTpaHUYEHUEM, BJIUSAIOIUM Ha CTAOUIBHOCTD TOKA, SIBJIS-
ercs pazuuiia B narpese tpausuctopoB TR15 u TR16, Bozuukaioias us-3a moToka
TETJIOBOTO M3JIyYeHUsI OCHOBHOTO TETIOOTBOsATIEro pasnaTopa. Tpanzuctop TR14
TaKKe CJEJOBAJIO OBl yUUTHIBATD B IAHHON CBSI3H, TaK KakK HArpeB Oy/IeT yBeJNYNBAThH
ero K03 OUIMEHT YCUTIEHNS U HECKOJIbKO HAPYIIATh HaJaHC MEKAY TPAaH3UCTOPAMU
TR15 1t TR16.

9.12. Pexxum paboTbl ycunutens B knacce B

[Tpu pabote ycunurens B kKiacce B cxema ynpasienuss TOKOM OyeT 3a610KUpoBa-
Ha MyTeM BBIKJIOUEHUsT TpaHsucTopa TR17 ucTouHnka o6Iiero muTaHust, MO3TOMY
tpansucrop TR14 HazexHO 3amepT W B pe3yjbTaTe 4yero KpaiiHe HeoOXOIUMOe
HallpsKeHue CMelleHus U1 oIy4eHusl MUHUMaJIbHBIX HCKaKeHUN TOUKHU [1epexo-
JIa CUTHAJIa 4yepe3 HyJieBoe 3HaYeHre 00eCcIeunBaeTcst, Kak 00BIYHO, TPAH3UCTOPOM
TR13 ymHoxuTenss 6a30BO-9MUTTEPHOTO HampsxkeHus Vbe. IIpu ucrnonb3oBaHuU
AMUTTEPHBIX Pe3UCTOPOB ¢ comporuBieHueM 0,1 OM HampskeHue cMeleHnss VeMm
Meskay Toukamu X u Y cocrasisier npuMepro 10 MB. ABrop kHurm mpuzaBan Obi
ocoboe 3HaveHme TOMY (hakTy, 9To pu paboTe B Kiaacce B mamnast pazpaboTka, mpu
YCJOBUM YTO OHA KOPPEKTHO U3TOTOBJIEHA, OYJET COBEPIIEHHO PABHOIEHHON KaK
B KayecTBe 6e3yMPEeYHOro BO BCEX OTHOIIEHMSIX YCUIUTENS, ¥ KaK CIeIUaIbHO pa3-
paboranHoro ycuautenss kiacca B. He menanoch HUKaKUX KOMIPOMHUCCOB TIPU
no6aBaeHun (QYHKIMKE TIEPEKTIOUEHUs MEXIY PEKUMaMU paboThl B Pa3IMYHbBIX
KJIaccax yCHUJIeHHUs.

Kak u B nipenpiyineii paspaborke ycuinress kaacca B, nobasienne pesucropa R14
K YMHOKUTEJIO HAPsKeHst Vbe cy:KuUT mpoTHBOBECOM TIPOTUB Jpetiha TpaH3ucTo-
pa TR5 ucTouHmKa TOKa KacKajga yCUIuTeNss Hanpstkenus. HeoOGxoxumo oOpaTHTh
ocoboe BHUMaHVE Ha OJINH CTapblii, HO BCeMH 3a0bIBAEMBIH BOIIPOC, YTO TIPEABAPUTEb-
Has HACTPOIKa Bcer/ia JOJIKHA BBITIOJNHATHCS HA HIKHEM ILJIeUe JIETUTENST HapsiKe-
uuii Vbe, cocrosiero us pesucropos R10, R11, motomy uTo, Kora mpesapuTeabHbie
HACTPOWKY COMBAIOTCH, a 3TO OOBIYHO OBIBAET, KOT/a [BMKOK MMOTEHIIHOMETPA PasMbl-
KaeTcsd, TO B HUKHEM ILJIeYe 3TA CUTYAIUs MPUBOJUT K MUHUMAJIbHOMY 3HAYEHUIO
HATPSIKEHUST CMEIeHusT VeM, TOT/la Kak B BEPXHEM Tilede oHa obecrieynBasia Gb Mak-
CUMaJIbHOE 3HAUEHNE.

ITpu pabore B Ki1acce B TeMmepaTypHast KOMIIEHCAIUS MIBMEHEHUI B BEJIMUMHE Pac-
cenBaeMOl MOIIHOCTH KacKa/la IIpeIBApUTEIbHOIO YCUJIEHNS OCTAeTCs CYIIeCTBEHHO
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HeoOxoanMoi. TeroBoil yXo/ mapaMeTpoB Kackaa Ha Tape ¢ KOMIIEMEHTapHO
ob6parnoii cBs3bio, CFP, MeHee BCero BeposATeH, OJHAKO TOYHASA YCTAHOBKA Tapame-
TPOB TOKa B paboueli TOUKe SIBJISIETCST €INHCTBEHHBIM CITOCOOOM CBECTH K MUHUMYMY
WCKaKeHWST TOUKH TIePeXojla CUTHaJa depe3 HyJseBoe 3HaueHue. Tpauzuctop TR13,
C/IeIOBATEIbHO, MOHTUPYETCS Ha TOM K€ CAMOM HEOOJIBIIOM TETJIOOTBO/ISAIIEM PaIi-
atope, 4To U Tpau3uctop TR6 kackaza mpensapuTesbHOTO yeuueHnd. Takoi npueM
OYeHb YaCTO HA3BIBAIOT TEILIOBOI 0OPATHOMU CBSI3bIO, XOTS 3TO U HEMPABOMEPHO, TAK
kak TpaHsucTop TR13 HUKOMM 00pa3soM He yIpaBJsieT TEMIIEPaTypoil TpaH3UCTOpa
TR6; TakuM 06pa3oM, CMBIC TEPMUHA MENI08AL 0OPAMHAsL CBS3b NOJTKEH ObI oTpeie-
JIITBCSI TOpaszio GoJiee CTPOro.

9.13. CucteMa nepekilo4eHUs YyCUnuTens B pasnnyHblie KNaccbl paboTbl

JIBOIICTBEHHOCTD 3a/1aUM CUCTEMBI CMEIEHUST 03HAYAET, YTO MPOIECC TTEPEKTIOUEHUST
YCUJIUTEJIST U3 PeKUMA paboThI B Kiacce A B PEXKIM, COOTBETCTBYIOMIHIT Kaccy B, mos-
JKEH OCYIIECTBISATHCS OCTATOYHO TIPOCTO. Y CUIUTENb Kiacca A He OKakKeTcs XOpOo-
UM KOMIIAHBOHOM B JKapKUIl JIETHWI J€Hb, TI09TOMY aBTOP KHUTH OKa3ajCs He B
COCTOSIHUM TMPOTUBOCTOSITh WCKYIIEHUIO OGO3HAUUTD TOJOKEHUS TEPEKTI0UaTeist
PEXRMMOB PabOThI yeUIuTe st Kak Jlemo/3uma, o aHAJIOTUU € TeM, KaK 9TO JIEJIAeTCsT
[IPY CE30HHOM TIEPEKJIIOUEHUH 3aCJOHKH B aBTOMOOWIIE, TPeIHA3HAUYCHHOM JIJIST H3Me-
HEHW ITyTH MOAaYH BO3yXa B IBUTATEb.

[Tepexo B APYToii peskiM paboThl YCUIUTES OCYIIECTBISAETCS C UCITOTb30BAHUEM
CUTHAJIA TIOCTOSTHHOTO TOKA, TaK KaK HeT HeOOXOAMMOCTH HCIOJb30BAThH €Ile OJUH
NOTIOJTHUTEIBHBIN CUTHAJ, POXO/ISATNN BHYTPU KOHCTPYKITUH, YACTHYHO M3-3a JKeJa-
HUSI yMEHBIIUTD [epeKpecTHbie oMexu. [Ipu pexume paboThl B Kiiacce A/AB mepe-
kioyateab SW1 3aMkHyT, mosToMy Ha Tpatsuctop TR17 nopaercst 06b14HOE cMeliie-
uue ¢ aronos D5, D6, a tpansuctop TR20 octaercst oTKpuITHIM, Yepe3 pesuctop R33
3aMbIKast HakKOpoTKo (moTenimomerp) PR1 u 3agasas tpansucropy TR13 6esomac-
HBII pEKUM, YCTAHOBUB IPeJIeJIbHOE 3HAUeHNEe HATIPSIKEHUST CMellleHns VM, paBHOe
600 MB. TIpu pexxnme paboThl ycunuress B kiacce B mepekmodarenbr SW1 pasom-
KHYT, 3amupasi TeM cambiM Tpauauctop TR17, a ciemoBaTesibHO, ¥ TPAH3UCTOPHI
TR15, TR14, TR13. Tpausucrop TR20 Taxke mpekpainiaer mpoBOAUTH TOK, TIPU ITOM
3aIUTa OT 0O6PATHOTO CMEIEHNUsT OCYIECTBAAETCS AN0A0M D9, 1 Takke yMeHbIAeT-
cs1 HANpsuKeHue, 3aaBaeMoe TpansuctopoM TR13, mo Heobxoxumoro mpu pabore B
kacce B ypoBHs. /[Ba KOHTPOJBHBIX BBIBOJIA CTEPEO(GOHUYECKOTO YCUIUTENS MOTYT
COEIUHSATHCSI BMECTE, U, TAKUM 00Pa30M, MTPOIIECC TIEPEKIIOUEHUSI BBITTOJIHIETCST OTHO-
MOJIIOCHBIM TIepekJTioyaresieM, 6e3 B3aMMOBIMSHUS ¥ BO3POCIIUX TEPEKPECTHDIX
TTOMEX.

IMepekmoueHre BIAMSIET HA TOK, MPOTEKAIINN B BBIXOAHBIX MpubOpax, HO HE Ha
BEJIMYMHY BBIXOHOTO HATIPSIZKEHUSI, KOTOPOE OIPEIEIISIETCsS Telbio obieit o6paTHOi
CBSI3H, ¥ TIO3TOMY OHO TIPOMICXOIUT MPU paboTe YCUIUTENSI COBEPIIEHHO (GE33ByYHO.
MO3KHO COBEPIIEHHO CBOOOHO MPOU3BOANTD TIEPEKTIOUEHIS MEXKIY PesKUMaMu pabo-
TBI TPU PABOTAOIIEM YCUIUTEIE, UTO TO3BOJISIET BBITIOJHUTD PSIT HHTEPECHBIX OIIBITOB
0 CPaBHEHWTO KauecTBa 3ByYaHus B Kimaccax A u B.
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MoskeT BO3HUKHYTH BOIPOC, MOYEMY TaK 06s13aTebHO HEOOXOAMMO OIOKMPOBATH
paboTy CXeMBI YIIpaBIeHUst TOKOM B paboueil Touke mpu paboTe YCUIUTENS B KIacce
B; Tpansucrop TR13 ycranasinBaer 60jiee HU3KO€e HAIIPSIZKEHME, Y€M CXeMa yIIpaBJie-
HIUSI TOKOM, UbsI CXeMa, CJIeloBaTeIbHO, 3aKpoeT TpaHsuctop TR14, kak TosbKO OH
BCTYIUT B KOH(MJIUKT, YTOOBI TIIETHO YBEJIUYUThH HAPSIKEHUE CMelieHus: VeM. ITo
6ynet tTak mpu Harpyske 8 OM, OHAKO TOJTHOE KOMILIEKCHOE COTIPOTUBIIEHUE HATPY3-
KU BeanuuHOM 4 OM NpuUBENET K YBEJIUYEHUIO TOKOB, TIPOTEKAIONIUX 10 PE3UCTOPaAM
R16 u R17, nostoMy oHM OKaxyTcst OOJbIE 110 CPABHEHHMIO CO 3HAYEHHSIMU TOKOB
B pabodueii Touke TIpu paboTe B Kacce A M cXeMa YIPaBJIEHUS TOKOM, CJIE0OBATETBHO,
He3aMeJINTEeIbHO BCTYTIUTD B JIEHCTBIE U OYIET MBITATHCS YMEHBIITUTh CPEIHEEe 3HAYE-
HUe ToKa /10 3Hadenust 1,5 A. BlOKMPOBKa CXeMbI YIIPABJIEHUS] TOKOM ITyTeM 3aKPBITHS
tpansuctopa TR17 ¢ ucnonbp3zoBanmem pesucropa R44 npenorspainaeTr Takoe pa3Bu-
THE COOBITHIA.

Ecom paboTa cxeMbl YIIpaBIeHUsT TOKOM Kiacca A GJIOKHPOBAHA, HO DJIEMEHT TIPE]-
BaputesibHON HacTpoiiku PR1 coxpanen B cxeme (HarpuMmep, yTeM 3aMbIKaHUS HAKO-
POTKO Ga30BOTO M 3MUTTEPHOTO BBIBOAOB TpaHzucTopa TR20), To MOKHO TOJYYHThH
TECTOBBIN PEKKMM, KOTOPBIN MTO3BOJISIET BBIIOJHUTH Psi/l UCIIBITAHUI; TOK B paboueil
touke Iq OGyaer paBeH HYJIO, eciau (ABUKOK TMOTEHIIMOMETPA) TPEABAPUTETHHOI
HACTPOWKM TIOJTHOCTBIO BBIBECTH BHU3, Tak Kak Tpausuctop TR13 mpeomoneet meii-
CTBUE CXeMBbl YIIPABJIEHNS TOKOM, O/IHAKO 3aTeM OH HAa4HeT II0CTEeIIEHHO BO3PAacTaTh 110
Mepe BBe/leHUs TIPeABAPUTETHHON HACTPOUKH /IO Te€X TOpP, MTOKa OH HEOKHMIAHHO He
3auKkcupyercst Ha TpeGyeMOM 3HAYEHUN TOKa pabodyell TOUKK XapakTepucTuKy. Ecau
cXeMa yIpaBJIeHIsI TOKOM OKaJKETCST HEMCTTPABHOI, TO TOK B pabovelt Touke 6yeT BO3-
pacTathb J10 onpeiesieHHoro 3Havenus 3,0 A.

9.14. TennoBown pacyet

Yeunmrenn Kiacca A HarpeBatoTcest TPy paboTe OYeHb CUITBHO 110 OTIPEAESICHHUTO, TI09TO-
MY HeOOXO/IMM TOYHBIN PacyeT TEIJIOBIX PEsKUMOB VIS TOTO, YTOOBI OHU OKa3aJIiCh Aeii-
CTBUTEJIBHO PabOTOCIIOCOOHBIMY, a He MOoApaKkan JakupoBke mebenun B cruse 18-ro
BeKa. Y pacCUUTHIBAIOIIETO CXeMY HOA00HOI0 YCUIUTES €CTh OHO HECOMHEHHOE IIPer-
MYILECTBO, 3aKIIOYAIOIIEECs] B TOM, 4YTO COOCTBEHHAsI PacCenBAEMasi MOIHOCTh YCUJIUTE-
JIST MAaKCAMAJIbHA IIPU OTCYTCTBUU CUTHAJIA, TIO3TOMY CJIELyeT IIPOCTO BKJIIOYUTH MAKET
YCUJITEJISI M1 OCTABUTD €r0 Ha HECKOJIBKO YaCcOB, UTO JIACT UCUEPIIBIBAIOINIYIO HH(pOpMa-
MO O TEMIIEPATYPHBIX PeKUMax Harboiee IPoGIeMaTHYHbIX KOMIIOHEHTOB cXeMbl. J[Jist
ycuauTesnel knacca B paccenBaemasi MOIITHOCTD B 3HAYUTEIBHON CTETIEHU 3aBUCUT OT

Tabnuua 9.5. MoTteHuman BLIXOAHON MOLLHOCTH

ComnporuBiieHue Harpy3Ku Mexaskenms
8 Om 6 Om 4 Om
Kiacc A 20 Bt 27 Bt 15 Bt Huskue
Knacc AB Hannbie Hannpie 39 Bt Bricokne
OTCYTCTBYIOT | OTCYTCTBYIOT
Knacec B 21 Br 28 Br 39BT Cpennue
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peskrMa paboThI, TI0ITOMY OIEHKH IeHCTBUTETBHOM TeMIIEPATyPhl B PEKUME PEATLHOTO
WCTIOJTb30BAHUS YCUIIUTEIIS B IEHCTBUTEIBHOCTH BBITIOJTHUTD OYE€HD TPYIHO.

B tabu. 9.5 npuBOASTCS 3HAUEHUS BHIXOAHOM MOIIHOCTH, TIOJYYaeMOii TIPY Pasiiny-
HBIX PEKUMaX C Pa3jMYHBIMHU [TPaBUJIAMU TIPeoGPasOBAHNUS, HATPUMED, 3aBUCHMOCTh
BBIXO/IHOTO peskrMa Ha rpaduke puc. 9.11 yeTko OKa3bIBaeT, KaK B YCUJIUTENIE TPOUC-
XOJIUT U3MeHeHNe pexkrMa paboThl 13 Kiaacca A B kiacc AB nipu CHIKEHNHT COTIPOTHB-
sienus Harpy3ku. Cre/lyeT Takske HATOMHUTD, YTO B IAHHOM KOHTEKCTE 8biCOKOE 3HAUE-
Hue Koappuyuenma uckaxcenuti osHavaetr BesmumHy mopsika 0,002% ma dactoTe
1 xTu. JlanHag auarpamMMa Obljia MOJyYeHA B QHATUTHUECKOM pasiesie TPOrpaMMbl
MojiesupoBanus PSpice mpocThIM BBOZIOM ypaBHEHUH (€3 IeTalbHOTO MOJIETUPOBAHSE
4ero Obl TO HU OBLTIO.

HauboJiee BasKHBIM PE3YJIHTATOM TEIJIOBOTO PACUETA SIBJISIETCS] Pa3MepP TEILIOOTBO-
IISIIIIETO PAZaATOPa; KaK TMPABUJIO, eT0 CTOMMOCTD JI0CTATOYHO BBICOKA, TIOTOMY CYIIle-
CTBYET JIOCTATOYHO MOIIHBIM CTUMYJI HE JIeIaTh €r0 OOJIbIIE, YeM 9TO JeUCTBUTENHEHO
HEeoOX0AMMO. ABTOP JIaHHO KHUTH PELIUTETHHO UCKIIOYHII U3 PACCMOTPEHUST BAPUAHT

Tabnmua 9.6
TemnoBoe " ITepenan T EETToE, “C
COIPOTHUBIICHUE, Ui TeMIeparyp, LR
°C/Br HOTOK, BT oC
100 p-n nepexon
Mexny p-n
MIEPEXOIOM U
KOpITycOM 0,7 36 Br 25
TpaH3UCTOpPA TUIA
TO3
75 Kopmyc
TPaH3UCTOPHOTO
tuna TO3
Mexnay xopiycom
TpaH3UCTOpA TUIA
u 0,23 36 Br 8
TETI00TBOASAIIUM
paguaTopoM
67 TennooTBoasIMI
paauaTop
Mexny
TETIO0TBOASAIIUM 0.65 72 Br 47
paguaTopoM H
BO3J[yXOM
20 Oxpyxaromast
cpena
Bcero 80
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HCIIOJIB30BAHUS JIJIST OXJIAK/IEHUS 9JIEKTPUYECKOTO BEHTUJISAATOPA IIPOCTO IIOTOMY, YTO
MHEHHE O er0 SIKOOBI CIIOCOOHOCTH CO3/1aBaTh YJIbTPAHU3KUE JEKTPHUUECKUE ITYMBI
BBITJISIIUT, TI0 KPaiiHeil Mepe, TJIyIIbIM U CJIE[[YET IIPOCTO TIOTPATUTD CyMMY, He0OXO/1U-
MYTO [T OCHAIIIEHUST YCUJIUTENST BEeHTUIIITOPOM, Ha JOTIOJHUTEIBHBIE OXJIAK/IAI0IINIE
pebpa paaMaTopa, YTOObI OHU OTBOIWIM TEILUIO B aOCOMIOTHOH TumimHe. TOYHBII
TETJIOBOI pacyeT CXEMBI JOCTATOYHO TPOCT, HO YTOMUTENEH, € GOJBITUM KOJIUYe-
CTBOM BBOJIMMBIX TIaPaMETPOB U TIPEJCTABJISIET MPEBOCXOAHBIN 00Opaserr paboThl ¢
kpynHohopMaTHbiME Tabaunamu. OKOHYATETLHBIM OTBETOM pacdyera GyIeT MUHU-
MaJIbHO HEOOXOIUMBIIT 3a11ac MeXKLy IPOTHO3UPYEMBIMI TEMITEPATYPAMU P-N-TIEPEX0-
JI0OB ¥ MAKCUMAJIBHO JIOTYCTUMBIMU 3HaueHUsAMU. [TockosbKy Muama3oHsl BHIXOTHOM
MOTITHOCTH U TIOJTHOTO KOMIIJIEKCHOTO BBIXO/THOTO COTIPOTHBJIEHUS YK€ ONIPEIEJIEHBI, TO
€IMHCTBEHHOU TMepeMeHHOU, KOTOPOU MOKHO MaHUITYJHUPOBATh, OCTAETCS BeJUYMHA
TEIJIOBOTO COIIPOTUBJIEHUS OT PaJMaTopa K OKpYsKalollell cpefie; a 9TO Kak pa3 U cocTa-
BJISIET KOMITPOMUCC MEXKIY OXJIaKIAMoIIell CIIOCOOHOCThIO PajlaTopa U €ro IMeHOi;
6oJiee BBICOKHE TEMIIEPATY PbI BCET/Ia CHUKAIOT HA/IEKHOCTD PaBGOTHI TIOJYIPOBOIHUKO-
BBIX TPUOOPOB. it MPUOIMKEHHBIX PACUETOB MOKHO OPHEHTUPOBATHCS HA 3HAUe-
HUS,IpUBEAeHHbIE B Ta0I. 9.6.

W3 mpuBoAMMOii TabIMIBI BUAHO, YTO TEMIEPATYPa P-N-TIEPEXOIOB TPAH3UCTOPOB
Oyzer npuMepHO Ha 8() TPaJyCcOB MPEBBINIATH TEMIIEPATYPY OKPYKAOIIEH CPEIDL, T.€.
IJIsI HOPMaJIbHBIX YCJI0BUii Oyaer coctasiaTh nopsaka 100 °C; MakcuMaibHast TeMIie-
parypa p-n-mepexoja npuauMaercst papaoit 200 °C, oqHako Ha TpakTHKe OyIeT Hepa-
3YMHBIM TIPHOIUKATHCS TTPU PacyeTax AOCTATOUHO GJIM3KO K THM JIOCTATOUYHO Peaib-
HBIM TIpeZebHBIM 3HaueHussM. Cleryer OTMETHTh, 4TO TEPMOIPOKIAIKH MEKIY
KOPILYCOM MHTETPAJIBbHOI MUKPOCXEMBI U PAJIMATOPOM SBJISJIUCH OU4eHb 3(PhEeKTUBHBIM
CPEJCTBOM YJIyUIIEHUs TEIJIOOTBO/A, & CTaHJAPTHOE WCIIOJIHEHUE IPUBOJAUT K Hec-
KOJIBKO 00Jiee BBICOKUM 3HAUEHUSIM TEILJIOBOTO COTIPOTHBJICHUSL.

TennoorBozsIIMe PaUaTOPb, NCIOJb30BABIINECS B IPOTOTUIIE YCUIUTEIS, UMEJIN
tertoBoe conpotusierue nopsiaka 0,65 °C/Br us pacuera Ha ogmH Kanasz. IToO 10CTa-
TOYHO KPYIIHBIN KyCOK METaJIIa, a TAK KaK PU TPOU3BOJICTBE ATIOMUHMS UCIIOTIb3yeT-
CS1 AJIEKTPUYECTBO, TO OH MPOCTO 0OPEUEH GBITH TOPOTHM.

9.15. 3aKkoHYeHHas cxeMa TpexpeXXMMHOro ycunurens

[Mosmast cxema ycusutenst kiacca A rnpuBoautcs Ha puc. 9.19, oHa jorosHeHa BXOAHOM
KOMIIEHCAIIHOHHOI 00PaTHOIT CBsA3bIO (U1 aBTOMATHYeCKoro peryiuposatust) (bootstrap-
ping). CxeMa MOKET IIOKa3aThCst M3JIMIIHE CJIOKHOM, OJIHAKO B HEll OKa3aJIich 100aBIeHHbI-
MU TOJIBKO YETBIPE HEOPOTUX TPAH3UCTOPa, HEOOXOMMMBIX JIJIST CO3/IAHIsT BBICOKOTOUHOI
CXEMBI YIIPABJIEHUST TOKOM B paboueit Touke BAX jyist yeusmrens kiaacca A, U elie OIuH
JIOTIOTHUTETbHBIN TPAH3UCTOP JIJISI OCYIIECTBIEHUST COOCTBEHHO (DYHKIUHU TEPEKTIOUEHUST
PEKIMOB yeuymTesst. Tak Kak CHcTeMa 3ajlaHisl CMellleH st ObljIa OIMCcaHa paHee, TO 3[eCh
OIUCBHIBAIOTCS TOJBKO OCTABIINECS TIOJICUCTEMbI YCHITUTEIS.

BxomHoit Kackaj BHITIOJTHEH B TOJTHOM COOTBETCTBHUHU C METOIOJIOTHEN aBTOPA KHITH,
3aKJIIOYAOIIEICsS B UCIIOJB30BAHUY BBICOKOTO 3HAYEHUsI TOKA OOIIEH ey MUTaHs
JUISE TOTO, YTOOBI MONYYUTh MAaKCUMAJIbHOE 3HAUEHUE KPYTH3HBI XapaKTEPUCTUKH, W
JMaJbHENIIel ee INHeapU3aI[iK MyTeM M00aBIEHIS BXOAHBIX PE3UCTOPOB OTPHUIIATE I b-
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HOU obpaTHOU cBst3u R2, R3, MO3BOJILIONMINX YMEHBIIUTh OKOHYATEIbHOE 3HAUCHHE
KpyTusHbl 10 Tpebyemoro yposHs. Tpausucroper TR10, TR11 tokoBoro sepkaia
3aCTaBJAIOT KOJLJIEKTOPHbIE TOKU ABYX BXOAHBIX IprbopoB, TR2 u TR3, 6bITh paBHbI-
MU, KOMIIEHCAITNsT BXOJHOTO KacKa/la MO3BOJISIET TIPEIOTBPATUTD TeHEPAIINIO NCKaxke-
HUI BTOPOM rapMOHUKU. 3€PKAJIO OXBAYEHO OTPULIATESbHONM 0O6PAaTHOM CBSI3bIO PE3H-
cropamut R6 11 R7, 4T06BI yCTPaHUTH BJIMSHIE PACCOTIACOBAHUST Ha30BO-IMUTTEPHDIX
HanpsukeHuit Vbe tpausucropoB TR10 u TR11. He 6e3 HEKOTOPOTO TPENUyBCTBIS
JIYPHOTO aBTOP KHUTH J06aBUJI B CXEMY BXOIHYIO IIeIlb, COCTOSIIIYIO U3 pe3ucTopa RY
n kougeHcatopa C15, KOTopasi COBEPIIIEHHO OTIPENETEHHO He MOJKHA OblIa oTpere-
JIATb TPAHMIIBI IIMPUHBI TIOJOCH TPOMYCKAHUS CHCTEMBI, 32 MCKJIIOYEHUEM CIIydast
MUTaHUSA OT Oy(dEepHOro Kackajia IPH WCIIOJb30BAHUU TPUMEHSIEMBIX Ha MTPAKTHKE
BEJIMYUH CI1aJ] Ha BBICOKOI 4aCTOTe MOT IIUPOKO BAPbUPOBATHCS C U3MEHEHUEM TIOJIHO-
r0 KOMIIEKCHOTO COTIPOTUBJIEHUsI, BO3OYKIAIONIETO YCUANTENb. Viest 3akmodanach
B TOM, 4TOOBI TPEAOCTABUTH BO3MOKHOCTD BO3/IEHCTBOBATH Ha 3(DUPHBIE PAIMOTIOMEXU
6e3 Toro, uToObl ypesaTh 1moaocy (to cut tracks). Conporusienue pesucropa R9 moxer
OBITH YBENUYEHO [I7IsT 3aMaHUsT TOJOCHI MPOMYCKAHUS B CJAyYae, €CIU TOJTHOE KOM-
IJIEKCHOE COIIPOTUBJIEHHE MCTOYHMKA W3BECTHO, UMeeT (DUKCUPOBAHHOE 3HAUYEHE
U YYUTHIBAETCS TPU BBIOOPE BEAMUYMHBI COMPOTHBIEHNS RY; Bcerna ciremyer MMeTh
B BU/LY, 4TO Ji0OOE 3HAUeHWE, TIpeBbiiiaiiee 47 OM, OyeT 3aMeTHO YXYAIIATh IIyMO-
BbIe XapaKTEPUCTUKU.

Tox 001eil enu MUTaHKsT BXOTHOTO KACKajia yBelndeH ¢ 4 10 6 MA, a TOK TIOKOsT
KacKaja yCuJIeHUsl HanpspKeHus yBenawder ¢ 6 1o 10 MA 1o cpaBHEHMIO C COOTBET-
CTBYIONUMU BeJIMYMHAMK UCXOHOM CXEMbI, TPUBEJIEHHON B TJiaBe 6. JTO TO3BOJISET
YBEJINYUTh MAKCUMAJIbHBIE 3HAYEHUST KAK TTOJIOKUTETbHOM, TAK U OTPUIATETBHON CKO-
pocteit Hapactauus curHajioB ¢ +21 u —48 B/Mkc no snavenuii +37 u —52 B/MKc; Kak
YKa3bIBAJIOCH B TJIaBe 7, IAHHBIN TUIl YCUJIUTEIEH XapaKTePU3yeTcsl aCUMMETPUYHO-
CTHIO CKOPOCTEN HapaCTAHU [IJIs TIOJIOKUTENbHON M OTPHUIIATENbHOM TTOIyBOIH. O1HA
13 IPIYMH 3aKII0YaeTCsT B HATMUNN CKBO3HOTO COEINHEHTIST B ICTOYHHUKE TOKA KacKa-
Jla YCUJIEHUsI HATIPSIKEHVST; B ICXO[HOU CXeMe He)KeJaTebHOe OrpaHuvYeHre Ha CKO-
POCTh HapacTaHWs CUTHATA YCTAHABIMBAIOCh (PPOHTAMH HMILYJIbCOB, BO3JEHCTBY-
IOIIUX Y€ePe3 EMKOCTh C-b MCTOYHMKA TOKA ¥ MPUBOAIINX K CHUKEHIIO HATPSIKEHIIST
CMeIIeHUsT BO BPEMsT HAPACTAHUSI MTOJIOKUTEIBHOTO PpoHTa curHaia. B paccmarpusa-
€MOM ’Ke CIIydae Bo3/eficTBIe TaHHOTO 3ddeKTa CBeIeHO K MUHUMYMY 3a CYeT HCIIO0Tb-
30BaHUs T€HEpaToOpa CMENeHHsT MCTOYHWKA TOKA THUMA OTPUIATESHHON 0OpaTHOIl
CBSI3H, TIPM 3TOM KOJIJIEKTOPHBIN TOK KACKajla YCUJIEHWsT HATTPSKEHST BHIOpaH B Kave-
cTBe yrpaBJisieMoil nepemenHoil. Tpansuctop TR21 onpenensier Bemmunny majeHus
HaTpsDKeHMs Ha pesuctope R13 u, ecam aT0 3HaUeHMe CTPEMUTCS MPEBBICUTH HATIPsI-
skeHnue Vbe, yBeIMuMBaeT CBOKO IPOBOJAUMOCTD, YTOObI YBEJIUYNUTH HAMPSIKEHUS Ha
6azax tpansuctopoB TR1 u TR5. Konzgencarop C11 oruibTpoBbIBaeT CUrHAJI HCTOY-
HUKa TIOCTOSTHHOTO TOKa 1 IPeI0TBpaliaeT IOCTYIVIEHNe My IbCHPYIONIeTo HampsiKe-
uus ¢ mmabl V+. Pesuctop R5 u kongencarop C14 obeceunBaioT pasBssKy, YTOObL He
NOTYCTUTh BAUSHUS TpausucTopa TRS5 Ha TOk 06Iell MWHBI MTUTAHUS B TPOIECCE
VIIPaBJIEHUS TOKOM KacKaja yCUIUTEsT HATIPSIKeHUSL.

YBesnueHne BXOAHOTO TOKa OOIIEH 1enu MUTAaHUsT TAKXKE CIETKA YIYdIaeT JHel-
HOCTB BXOZIHOTO KaCKa/a, TaK KaK yBeTUMINBAET 00Nt KoahHUIHEHT yCUTeH s TPaH-
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3UCTOPOB gM W MO3BOJISIET Yepe3 pe3ucTopbl R2 1 R3 mpukmaasBarh 60see CHIbHYIO
orputiatesbuyio OC.

JIMHEHHOCT KacKa/la YCUIUTEs HATIPSIKEHUsT 006eCednBaeTCst 3a CUET TPAH3UCTO-
pa TR12 xackana yBenmdeHus Koa(phuimenTa yCuaeHus o TOKY, KOTOPbIH YBeTuIn-
BaeT KO3(hPUIIMEHT ycujieHus JoKaJdbHOU otpunareabHoii OC uepe3 KoHEHCATOD
Miosutepa C3 gomunantHoro nojioca (1.e. Cdom). Comnporusienne pesucropa R36
66110 yBeanueHo 10 2,2 KOM ¢ Ie/IbI0 CHIKEHHUS pacCermBaeMoil MOITHOCTH, TaK Kak,
Ka’KeTCsI, OH He OKa3bIBAET OIIYTHMOTO BIIMSHUS HA TMHEITHOCTD XapAKTEPUCTUKU MU
CKOPOCTH HapacTauus curaasia. Ho ero BoBce HeTh3s UCKITIOYATD U3 CXEMBI, TAK KaK 3TO
CUJIBHO TOBJIUSIET HA JIMHENHOCTbD, & CKOPOCTb HAPACTAHUS 3HAUUTENbHO YXYALTHTCS.

Kaxk ommiicao B ritaBe 8, HarboJiee pocToii Croco6 MPeI0TBPATUTD MOCTYTIIIEHHE TIyJTh-
canuil B KACKAJ[ YCUJIUTEIIsT HATIPSDKEHUSI 110 [IMHe TUTAaHUsT V— 3aKJII0YAeTCs B UCTIOJIb-
30BaHUM CTAPUHHON pasBs3biBarorieil RC-1ieny ¢ MasbiM 3HAUYEHUEM COTIPOTHUBJIEHUS 1
GOJIBIIINM 3HAUEHIEM EMKOCTH. JIJIst OTPUIIaTeIbHBIX 3HAYEHHI, TI0 CPABHEHUTO C MTOJIOKHU-
TeJbHBIMH, OHU Moryin focturaTh outn 200 MB (cm. pasaen 9.9) u pacxonoBanue ux B
BUJIE TiaJleHusT HanpsikeHust Ha RC-pasBsiske 06ecednT CHMMETPUYHOCTD OTPAHUYEHS.
Pesuctrop R 37 u konzgencarop C12 BBIOJHAIOT JaHHYIO (PYHKIUIO; HU3KOE 3HAUYEHUE
HaINpsKeHW Ha IIMHAX B JIAHHOW cxeMe TI03BoJisieT KoHzeHcatopy C12, mMmeromemy
eMkocTb 1000 MkD, OBITH OCTATOUHO KOMIIAKTHBIM 3JIEMEHTOM.

BbIX0IHOM Kacka/[ ITpe/ICTaBIeH B BUJIE MAPbl ¢ KOMILIEMEHTAPHOU 0OPaTHOMN CBI3BIO
(CFP), koTopast, Kak y:Ke YKa3blBJIOCh paHee, 00eCIIeUNBAET CaMble BBICOKUE JIMHEN-
HOCTh XapaKTePUCTUKK U CTAOUILHOCTL TOKa B pabodeil Touke 6iarofiapst AByM Iersam
JIOKAJTbHBIX OTPUIIATEIBHBIX OOPATHBIX CBSI3€H, OXBATBHIBAIOIIIX KACKA IPELYCUTATEIS
U BBIXOJHBIE MIOJTYIIPOBOTHUKOBbIE Tpubopbl. CTabMIBHOCTD TOKA B paboueil ToUKe 0co-
GEHHO BaskKHa, KOI/Ia 3HAYEHUsI COIPOTUBJIEHNH pesucTopoB R16 u R17 cocrasasior 0,1
OM, OJIHAKO 3TH YPE3BbIYANHO MaJIble 3HAUYEHUST MOTJIM OBl OKa3aThCSI BECbMa PHCKOBaH-
HBIMU B BBIXOIHOM KacKa/le Ha JIBOITHOM dMUTTEPHOM IOBTOpHUTENE. DDDEKTUBHOCTD MO
HAMPSDKEHUO B CJTyYae KacKajga Ha Tape ¢ KOMIUIEMEHTapHO 00paTHOM CBSA3BIO TaKkKe
OKa3bIBAETCS BBIIE B CPABHEHUN C BePCUEll HA AMUTTEPHBIX MOBTOPUTESIX. Pe3ucTopst
R25 u R26 onpegensior tpebyeMoe 3HaY€HNEe KOJUIEKTOPHOTO TOKA s TPAH3UCTOPOB
TR6 u TRS8 3azaroiero kackaja, a Takxke obecrednBaoT 3G (HEKTUBHOE BBITSTHBAHIE
(paccacbiBanue) 3apsizia 13 6a30BbIX 061aCTell BHIXOAHBIX TTPUGOPOB TIPH UX BBIKJIIOUE-
Hun. HyokHWI TPeIOKOHEYHbIN KacKa/l B IAHHOM CJIy4yae BBITIOJTHEH (Ha unmezpanvHou
mukpocxeme) BD136; ona obmazaer 6osee BoicOKUM 3HaueHureM fT MO CpaBHEHUIO €
MJE350 u, Kak IpeaCTaBJSIETCS, OKA3bIBAETCSI MeHee BOCIIPUUMYUBON K HEYETHBIM
MAPA3UTHBIM TAPMOHUKAM [TPH OTPUIATENTEHOM OIPAHUYEHIH.

Hogble, 6ostee HU3KIE 3HAUCHVIST COTIPOTUBIIEHUH BHIXOHBIX SMUTTEPHBIX PE3UCTOPOB
R16, R17 ymeHbIaloT HAMOJIOBUHY MCKasKeHUs B pexkuMe Kiacca AB. 9Tto B paBHoii cTe-
[EHU CIIPaBe/IMBO MK paboTe B KJIacce A CO CIUIITKOM MaJIbIM 3HAYEHUEM TTOJTHOTO KOM-
TJIEKCHOTO COMTPOTHUBJIEHSI HATPY3KH, OO0 mpu paboTe B Kitacce B, HO Ipr HEBO3MOKHO-
CTU YCTAaHOBUTDH 3HAYEHME TOKA B paboueil Tocke Iq 0CTATOUHO BHICOKUM. JTO KaK pa3
COOTBETCBYT MOCJIEIHEMY CIy4aio, Koria 6osee BRICOKOE 3HaueHre ToKa Iq aeficTBITe -
HO OKa3bIBAETCsI OOJIee BHITOMHBIM 10 CPABHEHUIO ¢ HU3KUM, HO BCE JK€ HE HACTOJIBKO, U
peskiM paboThl B kimacce AB mpozoskaeT octaBarhest GEMHIIKKON — TPETHUM 10 JTHHEH-
HOCTH XapaKTEPUCTUKU OTHOCUTEIBHO PEKUMOB PabOThI B Kitaccax A u B.
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O6aactp ycroitunBoii paborsl (SOAR) 3amaercs 1elbio ¢ y4acTHEM TPAH3UCTOPOB
TR18, TR19. 910 oxHorpagueHTHas cucTeMa objgacTu yctolunBoil paboTel, SOAR,
KOTOpas IIPOILE, YeM ABYXIPaeHTHasA 001aCTh YCTONYMBOIL pabOTBL, U, CJIEI0BATEIb-
HO, HECKOJIBKO MeHee 3(h(DEKTUBHA B CMBICJIE 3a/IaHKsI TIPEEJIOB OTPaHUIEHUS 00JIaCTH
KaK MOXHO OJIMKe K MCTUHOM 00/IaCTH IS BBIXOAHBIX TPAH3UCTOPOB. B 1aHHOM KOH-
KPETHOM CJIy4yae ¢ MaJIbIMU 3HAYEHUSIMU HAIPSKEHUS ITWH TATAHUS ITOJTyYeHUe MaK-
CUMAJIBHOTO 3HAueHUsI 00JIacTH yCcTOWunBOU paboTsl TpaHsuctopoB, SOAR, B neii-
CTBUTEJIHOCTU He COCTaBJIsIeT 0CO00I 11eju; 60jiee BaKHbIM CTAHOBUTCS KOHTPOJIb 3a
MaKCHMaJbHBIMK TEMIIEPATYPAMHU P-N-MIEPEXOI0B TPAH3UCTOPOB B PEKUMAX PabOTHI
Kmaccos A u AB.

Koadduimenr obiieil orpunarenbHoii o6parHoil ¢cBsa3u pasen 32 nb Ha uyacTore
20 kT, 4yT0 MOIJIO ObI O6ECIIEYUTD AOCTATOYHBIN 3a11aC YCTOMYUBOCTU IPOTHB BO3HM-
KHOBeHUs rexepaiuu Tuia Haliksucra. O61as orpunarenbHasg obpaTtHas CBSA3b yBe-
JIMYKUBAETCS CO CKOPOCTHIO 6 /1B /0OKTaBy ¢ yMeHbIIIEHNEM YaCTOThI K MOJIOTOMY y4acT-
Ky Ha ypoBHe IpuMepHo 64 nbB, rpaHuIa AOCTATOYHO NPUMEPHO MOKET OBITh
onpenenena yactoroir 300 I'i; aT0 3HaYeHHE 3aT€M COXPAHSIETCST BILUIOTD JI0 YaCTOTHI
10 I'i. Ouenb yaauHo, 4TO BEJTUUMHA U YACTOTA B IAHHOM CJIyJae He SIBJISTIOTCS KPUTUY-
HBIMH, TTOCKOJIBKY OHH 3aBUCAT OT KOA(P(PUIIMEHTOB YCUIEHUs] TPAH3UCTOPOB U Psijia
JIPYTUX He BIIOJIHE OIpe/leJIEHHbBIX TapaMeTPOB.

JlocTaToyHO YacTo B Mara3mHax, TOPTYIOIIUX BBICOKOKAYECTBEHHOU ayINOTEXHU-
KOii, 3asIBJISIIOT, YTO YCUJIMTENN HA TOJYIPOBOAHUKOBBIX MPUOOPAX BOCIPOU3BOISAT
3BYK 6oJiee KauyeCTBEHHO MOCJIe HECKOJbKHMX 4acoB Jubo gaxe AHel mporpesa. Eciu
9TO IpaB/a (Yero, eCTeCTBEHHO, He MOKET OBITh B MOAABJIAIONIEM OOJIBITNHCTBE CJIyYa-
€B), TO TaKOe TIOJIOKEHHE JIeJT TIPEACTABISIET B TIOJHOM CMBICIE 3TOTO CJIOBA BIIEYAT-
JISIIOIYI0 HEKOMIIETEHTHOCTh Pa3paboTuuKoB ammaparypbl. ITomoOHble O0OBUHEHMS
¢ 0co060il 0TIl sIa BHICKA3BIBAOTCS OTHOCUTEJHHO Pa3paboOTOK Kjacca A, Tak Kak
BIIOJIHE OYEBUIHO, YTO OOJIbLINE II0 PasMepaM TEILIOOTBOAIIIE PaAHaTOPhl TPeOYIOT
HEKOTOPOTO BPEMEHH JIJIST IOCTUKEHUST padoueil TeMIepaTyphl, TI09TOMY, 10 MHEHUIO
aBTOpa KHUTH, OH IIPOCTO 00sI3aH CO BCEil OTBETCTBEHHOCTDHIO 3asiBUTH, YTO B PEIKUME
paboThI B KJIacce A B JTaHHOU paszpaboTKe cTaOUIM3aLUsT BCEX DJIEKTPUYECKHIX XapaKTe-
PHUCTHUK IIPOMCXOAUT MEHEE YeM 3a CEKYH/LY, 00ecIieurBas MOJHOCTHIO 3alaHHbIe T1apa-
MeTPbI 3By4yanusi. HUKakoro BpeMeHu, IOMUMO YKa3aHHOTO, JIJIsl TPOTrpeBa armapary-
pbl He TpeOyeTcst; COBEPIIEHHO OYEBUIHO, YTO IS TEILIOOTBOISIINX PaJHaTOPOB
TpebyeTcst HEKOTOPOe BPeMSI JIJIst IOCTUKEHHUST YCTaHOBHUBIIETOCST PEKHUMa, OJ[HAKO, KaK
YKa3blBaJIOCh paHee, OBLIN BBITIOJHEHB! CIIEIUATIbHBIE U3MEPEHUs, YTOObI JOKa3aTh,
YTO TeMmIlepaTypa KOMIIOHEHTOB CXeMbl He OKa3bIBaeT 3HAUYUTEIHHOTO BJIMSHUS Ha
pabounie yCIOBHs NI XapaKTEPUCTUKH.

9.16. UCTOYHUK NUTaHNA

[Moaxoasmuii HecTaOUIN3UPOBAHHBIA UCTOYHUK TUTAHKUI HTO TOT, KOTOPbI n3006pa-
JKeH Ha cxeMe puc. 8.1; HanpsiKeHre BTOPUYHOIT 0OMOTKY TpaHchopMaTopa CoCTaBIs-
et 20—0-20 B cpenHexkBa/ipaTUueCKOro 3HAYEHUS, & HAKOIIUTENbHbIE KOH/IEHCATOPBI,
€MKOCTb KOTOpbIX cocTasiiger 20000 Mx @D Ha mmuHy, 6y ayT 0OeceunBaTh HAIPSAKEHIS
npuMepHo £24 B. JlaHHBI UCTOUHMK IUTAHKS JOJKEH ObITh PacCYMTaH Ha JJIUTEJIb-
HyI0 paboTy TPH MaKCHMaJbHOM 3HAYEHUH TOKA, MMOITOMY [JIsi MOIYJsE MOCTOBOM
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AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz)
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Puc. 9.20. YacroTHbie XapakTepUCTHKM UCKAXEHUH B cUcTeMe (M3Mepe-
Hui) AP-1 Npu pasnnuHbIX 3HQYEHHUSX NONOCHI NPONYCKAHMS yCTAaHOBKM)

AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz)
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Puc. 9.21. YacrotHble XapaKTepUCTHKM MCKAXEHUI NPU pexnme pabo-
b1 B knacce B (Jleto). Mckaxenus npu pabote Ha Harpysky 4 Om ecerpa
Gonee 3HaumtensHbl. Mowrocts coctasnana 20 Br npu pabote Ha
Harpy3ky 8 Om u 40 Bt npu Harpy3ske 4 Om, nonoca nponyckaHus cocra-
snana 80 kly
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CXEMBI BBIMPSIMJICHUS JIOJKEH OBITh MPEAYCMOTPEH COOTBETCTBYIONIMI DPagHaTOp,
1 0co60e BHUMAHYE y/IeTEHO YPOBHSIM TOKOB MyJIbCAIIT B HAKOITUTENIHHBIX KOH/IEHCa-
TOpax. ITO O[HA U3 TPUUUH, [IOYEMY eMKOCTh HAKOIMTEIbHBIX KOHIEHCATOPOB ObLia
yaBoeHa u moBemeHa n0 3HadeHust 20000 M@ Ha MWHY TMHUTAHUS 10 CPaBHEHUIO
¢ emkocTbio 10000 MxD, KOTOPBIE UCIIOJIB30BAJIKCH B pa3paboTKe yCUIIMTEIs Kiacca B;
HAIpPsEKEHUe MyJIbcaliil GbIJIO YMEHBIIEHO BIBOE, YTO TIO3BOJIMIIO YIYYIIUTh d(hhex-
TUBHOCTD IO HAMPSKEHUIO, TAaK KaK MMEHHO BeJndnHa crajfa (YriaybaeHns ) myabea-
IIUH oTpesesisieT Havajo OJHOCTOPOHHETO OTPAaHWYEHNs, TIPH 3TOM B JIOTIOJHEHNE KO
BCEMY TOK MyJIbCAIINH, OCTAIONTIHACSI HEM3MEHHBIM TT0 O0IIEl BETNYNHE, B 9TUX YCJIO-
BUSAX JIEJIUTCS MEXKIY AByMst KoMmmoHeHTaMu. (EMKOCTD Oblia yBeJMueHa He st TOTO,
4TOOBI CHU3UTD UHKEKIUIO MYJIbCUPYIOIIEN COCTABISIONIEN TOCTOSTHHOTO TOKA, KOTO-
past MOKeT OBITh IOCTUTHYTA H0JIee SKOHOMUYHBIM U 3(D(HEKTUBHBIM CIIOCOOOM 3a YeT
obecrieyenvist 6oJiee BLICOKOTO 3HAUEHNUsT KO (DUITMEHTA TTO/IaBIEHNsT HCTOYHUKA TOKA,
PSRR.) He pexomeHnyercst NCKTIOUATh U3 CXEMBI TIJIABKUE MTPEOXPAHUTE N BTOPUY-
HOU 0OMOTKM TpaHChOpMATOpa; Aa’ke B COBPEMEHHBIE BPEMEHA BBIIPSIMUTEIbHBIE
JIIOZIBI BCE JKe BBIXOJAT U3 CTPOSI, @ TPAHC(HOPMATOPHI OCTAIOTCS TO-TIPEKHEMY YKACHO
JIOPOTOCTOSAIINMU...

9.17. 3kcnnyaTaunoHHbIe NapameTpbl

PaGoune xapakTepUCTUKN MPABUJIBHO PACCYMTAHHOTO YCUIIUTENsT Kjaacca A CIIOCOOHBI
OGPOCHUTD BBI3OB JlaskKe TOUHEHIIEN ayIro-UCIbITaTeIbHON cructeMe. UTOOBI JaTh HEKOTO-
poe npezcrasierne 00 aToM, Ha puc. 9.20 npuBoasdTcsa uckakenus st AP reHeparopa,
BO30YK/IAIOIIETO HEITOCPEICTBEHHO aHAJIM3ATOP TIPU PA3JIMYHBIX 3HAYECHUSIX TIOJIOCHI [TPO-
nyckanust. [Ipy sToM HaGJONaeTcss U3MEHEHUsT COOCTBEHHOTO peknuMa (paGoThl) Ha
yacrorax 2 k[ n 20 [, BeI3pIBalONINE CTyTIEHYATOE YBEJTMUEHNE YPOBHST UCKAKEHUN
reHepaTopa; OHU TAaKKe HATJISITHO MPOSIBJISTIOTCS Ha 3aBUCHMOCTSIX CYMMAapHOTO Koaghdu-
[[eHTa HeJIMHEHHBIX MCKAsKEHWH [JIsT peskiiMa paboThI YCHITUTENIS B Kaiacce A.

Ha puc. 9.21 mpuBeieHbI HCKAKEHUS JIJIST pexkiMa paboThl B Kitacce B st ycummre-
Jig MottHocThio 20 BT, pagBuBaemoii B Harpyske 8 u 4 Om, Torza kak Ha puc. 9.22 noka-
3aHBI T€ JKe caMble XapaKTEePUCTUKHU JJIst paboThI B peskumMe kiaccoB A/AB. Ha puc. 9.23
MPUBEEHBI NCKaKEHUS TP paboTe B KIacce A TIPH Pa3IUYHBIX MOJ0CAX TIPOTTY CKAHST
usMepenuit. IIpu 6osiee y3KMX 1MOJI0OCAX MPOIYCKaHUs 0OMaHYNBO UTHOpHUPYOTCs BY
HCKAKEHMsI, OMHAKO GOJIee OTUETINBO TIPOSIBIISIETCST GIECTSIIIAST TUHEHHOCTD XapaKTe-
puctuku Huke yactorsl 10 kI, Ha puc. 9.24 npuBoauTcs HemocpeicTBEHHOE CpaBHe-
HU€e YaCTOTHBIX XapPaKTEPUCTUK AJIs PeKUMOB paboThl B Kaaccax A u B. BU noxbem
XapaKTEPUCTUKH JIJISI CIIydas Kiaacca B ¢BsasaH ¢ nckaxeHusiMu 60Jiee BHICOKUX MOPSI/I-
KOB, BBI3BAaHHBIX IIePEX0/IOM CUTHAJa yepe3 HyJeBoe 3HaueHUe, KOTOpble JMHeapusy-
I0TCSI TOPAslo Xy’Ke OTPUIATEbHONH 0OpPaTHON CBs3bIO, 3 (MEKTUBHOCTD ACHCTBIS
KOTOPOI CHUIKAETCS C YBEJUIEHUEM YACTOTBIL

9.18. [lononHuTenbHble BO3MOXXHOCTU

OpHO¥1 U3 UHTEPECHBIX BOBMOKHOCTE PA3BUTHS UIIEH, IPEICTABJIEHHBIX 3/1€Ch, SIBJIS-
eTcsl aianTUBHbBI (MM TIPUCIOCAOINBAIONIMIACA) TPeXpesKUMHBIA yeuautesib. OH
CMOT OBI TIEPERITI0YATHCST B PeXkUM paboThl Kiacca B Tpu ompeseneHnun meperpesa
MOJTYTTPOBOTHUKOBOTO TPUOOPA MM €TO TETLIOOTBOSIIETO PAIMaToOpa U MOT OBl OKa-
3aThCsl YHUKAJTBHBIM TPUMEPOM YCHJIUTENST, KOTOPDIA MEHSIET PEKUM PabOTBHI, YTOOBI
JIy4IIle COOTBETCTBOBATD YCJIOBUSAM PaboThl. CHCTEMA TETJIOBOU 3aIUTHI I0JKHA ObLa
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AUDIO PRECISION POWRAMP THD-+N(%) vs FREQ(Hz)

0,1
0010 . Harpyaka
40m
80m
0,001 ~
0'000510 Iy 100 My 1Ky 10 Ky, 50 Ky
Puc. 9.22. YacroTHble XapakTepUCTUKM MCKAXEHHI NPU pexmme pabo-
7ol B knacce A/ AB (3uma), ypoBHM MowHOCTeH M 3HQYEHUS nonockl npo-
NyCKaHMUs Te Xe, 4TO U Ha rpadukax puc. 9.21. Yeunurens HaxoauTes B
pexwume knacca AB ans cnyyas Harpysku 4 Om, noaToMy ypoBeHb Ucka-
XEHMH BbllLE NO CPABHEHMIO €O cyyaem pabotbl B Knacce B Ha Harpys-
Ky 4 Om. Mpu wupune nonocel nponyckanus 80 ki sasucumocts ans
knacca A nuxe yacrotsl 10 k[ nout coBnagaert ¢ yposHem wyma
AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz)
0,010 LLnpuHa
Jvanasoxa
80 Iy
’///W‘\
0,001 2 = =30 KTy
22 Iy,
0,0005 =
10Ty 100 My 1y 10 KMy, 50 kI'y,

Puc. 9.23. YacroTHble XapakTepuCTUKM MCKAXEHUI TONKO Anst paBoThl
B knacce A (Mowroctb 20 Br, Harpyska 8 OM) ans pasnnyHbIX sHaYeHMi
NoNOChl NPONYCKAHWS U3MEPUTENbHOM YCTAHOBKM. [1pn MeHbLuMX 3HaYe-
HMAX Monockl npornyckauus He npossasiotcs BY mckaxenus, opgHako,
Bonee 4eTKO NPOSBASETCS UCKMIOYUTENBHO BLICOKAS TMHEMHOCTb XAPAK-
TepucTUku Huxe yactotsl 10 kly
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04 AUDIO PRECISION POWRAMP THD+N(%) vs FREQ(Hz)

0,010
N
7 NC
L \\
= A \\
AN
Knacc B
’,_,/ | L— Knacc A
0,001 = -
1
]
0,0005 -
10y 100 My 1y, 10 KMy 50 Ky

Puc. 9.24. HenocpepncrBeHHoe cpaBHeHME YOCTOTHBIX XAPAKTEPUCTUK
pexumos pabotbl B knacce A u knacce B (mownocts 20 Br, Harpyska 8
Owm) npu nonoce nponyckaxus uamepenni 30 klu. BY nogbem xapakre-
puctuku ans cnyyas Knacca B ceasaH ¢ HecnocoBHOCTbIO OTPHULATENBHO
0BpaTHOM CBSI3H, KOIGPUUMEHT KOTOPOM NAAAET C YBENMYEHUEM HACTO-
Tbl, TMHEOPU3OBATb B BbIXOAHOM KACKOAE WCKOXEHMs Bonee BbICOKMX
NopsAKOB, CBA3AHHbIE C MEPEXOAOM CUrHANA Yepes HyneBoe 3HaYeHue

661 6BITH (DUKCUPYIOIIEH COCTOSIHNUE; TIEPEKTIOUeHNe U3 Kiracca A B Kiace B yepes Kask-
JIble HECKOJIbKO MUHYT MOJABEPraso Obl BBIXOHbIE TOJYIPOBOAHUKOBBIE MPUGOPHI
HEOOXOMMOMY TEPMOITUKINPOBAHMUIO.

9.19. CNNCcoK NCnonb3oBaHHbIX NCTOYHNKOB

1. Moore, B J An Introduction To The Psychology of Hearing Academic Press, 1982,
crp. 48-50.

2. Tanaka, S A New Biasing Circuit for Class-B Operation Journ. Audio Eng. Soc.
Jan/Feb 1981, crp. 27.

3. Fuller, S Privat communication.

4. Nelson Pass Build A Class-A Amplifier Audio, Feb 1977, ctp. 28.

5. Linsley-Hood, J Simple Class-A Amplifier Wireless World, April 1969, ctp. 148.

6. Self, D High-Performance Preamplifier Wireless World, Feb 1979, ctp. 41.

7. Nelson-Jones, L Ultra-Low Distortion Class-A Amplifier Wireless World, March
1970, ctp. 98.

8. Giffard, T Class-A Power Amplifier Elektor Nov 1991, crp. 37.

9. Linsley-Hood, J High-Quality Headphone Amp Hi-Fi News and PR, Jan 1979,
crp. 81.

10. Nelson Pass The Pass/A40 Power Amplifier The Audio Amateur, 1978, crp. 4
(Push-pull).

11.Thagard, N. Build a 100 W Class-A Mono Amp Audio, Jan 1995, ctp. 43.
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BoJbITMHCTBO TUTIOB aKyCTUYECKUX YCHUJIUTENIEH MOIIHOCTH OKAa3bIBAIOTCS MeHee
a(pheKTUBHBIMY IO CPABHEHUIO C YCUJUTESIMU KJacca B; Hanpumep, ycuanTess Kiac-
ca AB 3nauuTtespHO ycTymaeT B 3(PeKTUBHOCTH HAa HUXKHEM IIpefieie MOIMyCTUMON
BBIXO/[HOUM MOIIIHOCTH, XOTSI COBEPIIIEHHO OYEBUIHO, UTO YCUJTUTENH Kjacca A, B CyIl-
HOCTH, TPAaTUT BCIO HHEPTUIO, TIOCTYHAONIyl0 B Hero m3BHe. Co3maHue yCUINTeJ,
uMmeroliero 6ojee BbICOKYIO 9 (EKTUBHOCTD, IPEACTABILET OYEeHb CJIOKHYIO 3a7a4y.
Ycenmurenn knacca D, B KOTOPBIX HMCTOJIB3YeTCS YJIbTPA3BYKOBasi MUPOTHO-UM-
MyJIbCHAsT MOYJISAIUST, MOTYT 00eCIieunTh O0sIee BHICOKYH0 9(h(HEKTUBHOCTD, U B PSIjie
cJIy4aeB HefCTBUTENbHO AeJIai0T 3TO, HO 3TO IPEACTaBsieT COO0M 10CTaTOYHO CIOK-
Hoe TexHWYeckoe perienue. [Ipaktndeckas ahdekTUBHOCTL ycuanTeneir kiaacca D
OCHOBBIBAETCS HA TIPABUJIBHOCTHU PAaCUeTa cCaMOl CXEMBI U XaPaKTEPUCTUKAX UCTIOJIb3Y-
eMbIX npubopoB. HensbesxHoe uconb3oBanne BixoqHoro LC-duibTpa — 1is rapMo-
HUK BTOPOTO TIOPSIZIKA, TT0 KPaiiHell Mepe, MOKET TOJIBKO 0GECTIEUUTD TIOCKYH0 Xapak-
TEPUCTUKY TOJbKO JIJIsI OJIHOTO 3HAYE€HUs BBIXOJ[HOTO IOJHOTO KOMILJIEKCHOTO
COIIPOTUBJIEHHUS], 4 €T0 MArHUTHBIE 3JIEMEHTBI HE TOJIBKO HeJleNIeBbI, HO U CJIOKHBI JIJIs1
pacuerta. Takke BIIOJHE BO3MOKHO BOSHUKHOBEHIE IIPUBOISANINX B YHBIHUE IIPOOIIEM,
CBSI3aHHBIX C JOCTHKEHUEM IIPHEMJIEMOTO YPOBHS COOCTBEHHBIX 9JIEKTPOMArHUTHBIX
noMex. Takum oOpasoM, yCHIMTENb Kjiacca D Hejlb3s CUMTATh [PUBJIEKATEIbHbIM
00pas4YnKOM /i1 MCIOJIb30BaHUs B KQUECTBE JOMAIIHETO BBICOKOKAYECTBEHHOIO YCU-
JINTEJIS, KOTOPbIA 0JKeH PaboTaTh ¢ PasAebHBIMU TPOMKOIOBOPUTEISAMU, XapaKTe-
PUCTUKHU TIOJIHOTO KOMIIJIEKCHOTO COTIPOTUBJIEHUSI KOTOPBIX K TOMY K€ JIOCTaTOYHO
YacTO MPOCTO HEM3BECTHDI.

CyliecTBY10T, OZHAKO, YCUIUTEIH, OTHOCsIecs K Kiaaccy G. MouHocTs oTbupaet-
¢4 1160 OT BBICOKOBOJILTHBIX, JINOO OT HU3KOBOJIbTHBIX IIMH IATAHUA, B 3ABUCUMOCTI
OT YCJIOBHIA, OTIpe/IeTIIEMBIX YPOBHEM CUTHAJA. /laHHOE TeEXHUYECKOe peteH e MPOTILIo
CJIOJKHBIN Ty Th JI0 TOTO, KAK HAYAJI0 OCYIIECTBIISIThCS, OJTHAKO B HACTOSIIIEE BPEMST OHO
[IHPOKO UCIIOJIB3YETCS B YCUIUTEISIX 04€Hb GOJIBIION MOITHOCTH B TPOMKOTOBOPSIIIIIX
cHCTeMaX OMOBEINEHNs], A1 KOTOPBIX OYeHb BaXKHOM SBJIETCA MpobIeMa SKOHOMUY-
HOCTH, TaKKe UX MPUCYTCTBUE OINPABJAHO B CUCTEMAX JOMAITHETO KUHOTEATPa; eCciu
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B HAJIMYWUU MMEETCST CEMb WJIM BOCEMb YCUJTUTEJIEN, BMECTO MTPUBBIYHBIX JIBYX, TO TOTE-
pu (Gecriosie3Hast TpaTa) SHEPTUU B HUX CTAHOBUTCS BEChbMa HEMAJOBAKHBIM (DaKTO-
pom. ¥Yeusmrenu knacca G Ipo4Ho 060CHOBANUCH B YCUINTEIAX MOIIHOCTH CBEPXHU3-
KOUYaCTOTHBIX AMHAMUKOB (caGBy(epoB), U Hake B CXeMaX YIIPOIIEHHBIX MOJEMOB,
UCIIOJIb3YEMBIX JI MOAKIIOYEHNs] K ACUMMETPUYHBIM LU(PPOBHIM a0OHEHTCKUM
maausaM, ADSL. 9To Takoe TeXHUYeCKOe pellleHue, A1 KOTOPOTo, HaKOHEIl, IPUIILIO
BpeMs.

10.1. OcHOBbI paboTbl ycunutens B knacce G

My3bIKaTbHbINA CUTHAT XapaKTEPU3YETCsT 04€Hb OOBITIM OTHOIIIEHNEM MTIKOBOTO 3Ha-
YeHWS K Cpe/lHEMY YPOBHIO. B TeueHre OCHOBHOTO TPOMEKYTKA BPEMEHU MOIIHOCTD
BBIXOJTHOTO CHTHAJIA HAXOAUTCS 3HAUYUTENbHO HIJKE ITMKOBOTO YPOBHS, YTO W JIeJIaeT
BO3MOKHBIM YJIy4IlleHUE XapaKTepUCTUK 3Gh@PEeKTUBHOCTH ycuuuTesneir kiaacca G.
Jlaxxe sieMeHTapHyIO0 CTATUCTUKY 9TOTO OTHOIIEHUS IS PA3JIUIHBIX MY3BIKAJIbHBIX
JKaHPOB HAWTH, K GOJIBIIOMY YAMBJIEHUIO, TPAKTUYECKH HEBO3MOKHO, HO TIPH 9TOM
00BIYHO HIPUHUMAETCS, YTO Auanason B 10 1b aus tskenoro poka u auanason 8 30 1b
LTSI KITACCHYECKON MY3BIKHU TIEPEKPhIBAET MIPAKTHYECKN BCE BOBMOKHBIE CIYUAH.

Ecuit curtast G0JIbIIy 0 4acTh BpEMEHU COOTBETCTBYET HU3KOMY YPOBHIO MOII[HOCTH,
TO B 9TOM CJIy4ae YCUIUTENb C MAJIBIM YPOBHEM BBIXOHOW MOIIHOCTH OKasKeTcst HoJiee
s dextuBHBIM. BobIyo YacTh BpeMeHu GoJiee HU3KUI YPOBEHb BBIXOIHOM MOIIIHO-
ctu obecriedrBaeTCst IUTAHUEM OT HIMH ¢ 60Jiee HU3KUM HATIPSIKEHUEM, C MaJIbIM Tajie-
HUEeM HalpsDKeHUsT MeK/Ly ITUHON MUTAaHW U BBIXOJIOM YCUJIUTES U, COOTBETCTBEHHO,
¢ 6oJiee HUBKUMU TIOTEpsiMU MoTiHOCTH. Hanbostee oMy isipHble KOH(BUTYPAIIUT YCU-
sresieii knacca G MIMEIOT IBe WJIM TPY TIAPBI IIIHH TTUTAHUS, TPU STOM JIBE Mapbl 0ObIY-
HO HCIIOJIB3YIOTCS B BHICOKOKAUECTBEHHBIX YCTAHOBKAX, TOT/IA KaK TPH WK HGoJiee map
IIMH TUTAHUST UCTIOJIB3YIOTCS B YCUIUTEJSIX TPOMKOTOBOPSIIUX CHCTEM OITOBEIIEHUSI.

Korza neiicTBUTEIHHO BOSHUKAIOT CPABHUTEILHO BHICOKHE YPOBHU BBIXOHON MOIII-
HOCTH, TO OHM JO0JIKHBI 00pabaThIBaThCs IOCPEACTBOM 0COO0r0 MeXaHU3Ma, KOTOPbIN
crocobeH 06ecTeunTh MoAady OGOJBIIOTO YPOBHS MOIIHOCTH, COTPOBOKIAEMOTO
BBICOKUMH YPOBHSIMH PACCEMBAEMOI MOIIIHOCTU, HO TIPU BCEM 3TOM TOJIbKO HA OY€Hb
KOPOTKHUE Tepuojibl BpeMeHU. Bo BpeMs 3THUX HEYACTHIX MOMEHTOB, KOT/la ITUKOBAsI
MOTITHOCTh 3HAUYUTETHHO TIPEBBITIAECT CPEIHUH YPOBEHbD, MUTAHNUE OCYNIECTBISETCS OT
[apbl BBICOKOBOJIBTHBIX IUH. COBEPIEHHO OYEBUHO, YTO ITIPOIECC TIEPEKTIOUEHUST
MeX/Iy TTMHAMU TTUTaHUS TPEICTABISIET OCHOBHOE 3BEHO BCEl TPOOIEMbI TAKUX YCH-
JIATEJIeH, M KaXK/Iblii, KTO XOTh Pa3 B JKU3HU 3AaHNMAJICS PACUETOM W MPOEKTUPOBAHUECM
PaIUOTEXHITYECKIX CXEM, HAUHET HeMeJIEHHO Pa3MBINIATh O TOM, KaK JIETKO WJIH,
HA060POT, CIOKHO, OKAJKETCS OCYIIECTBIISATH TAKOE TIEPEKIIOUEHHE ¢ CUTHAIOM, HME0-
muM yactoty 20 kI, 4TO6BI MOJIHOCTHIO MCKIIOUUTh BO3HUKHOBEHUE MAPAa3UTHBIX
TTOMeEX.

CyiiiecTByeT /iBa OCHOBHBIX METO/A, WM KOH(DUTYPAIUU, TIPU KOTOPHIX MUTAHIE
CX€eMBI TIPOU3BOJUTCS OT [IBYX IIMUH ITUTAHUS — 9TO MOCJEIOBATENTbHBIN U MapaJliesb-
HBIU MeTobL. B 1aHHOI riaBe OyIeT paccMaTPUBATHCS TOIBKO TTOCIEI0BATEIbHAS KOH-
durypaius, Tak Kak OHa, KaK 10JaraeT aBTop AaHHON KHUTH, H0Jiee 4acTo MPUMEHSIET-
¢ B BBICOKOKAUECTBEHHON 3BYKOBOCHPOM3BOAsAMIel ammapatype. I[lapamrmenpras
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KOH(bHI‘ypaHI/IH 6oJ1ee yacTo HCITOJIb3YETCA B YCUJIUTEJIAX BBICOKOM MOIITHOCTH, TIpUME-
HAEMbBIX B TPOMKOTOBOPANINX CUCTEMAX OIMOBEIIEHA.

10.2. Ycunutenu knacca G ¢ nocnefoBaTenbHON KoHpUrypauuen

[TocaenoBaTesnbHasd KoHUrypalns BBIXOAHOTO Kackaa yeusurensa Kinacca G, B koTo-
PO UCTIOIB3YIOTCS MUHBI C IBYMS HAITPSDKEHUSMU MATAHUS, TpuBoaUTCs Ha puc. 10.1.
Tak Ha3bIBAEMBIMU BHYTPEHHUMH TIPUOOPAMU SABJSAIOTCS T€, KOTOPbIE UCTIOJIb3YIOTCSE
mpu paboTe ycusauTesst B Kiaacce B; Te, KOTOpbie OCYIIECTBISIOT MEPEKTIOUEHIE TINH
NUTaHUS TPU MUKOBOM YPOBHE CUTHAJIA, HA3BIBAIOTCS BHEIIHUMH MPUOGOPAMU — UTO
KacaeTcsl TOUKU 3peHus aBTopa JaHHOW KHUTH, IIPU UCCJIeI0BAaHUU JAHHOM CXeMbl TUII
BBIXO/[HOTO KacKaJla Ha SMUTTEPHBIX TIOBTOPUTEJISIX BBIOPAH M3-3a €ro 00Jiee BHICOKOI

V2
+50 B

VCM3
3,6B

1,45B

VCM 4

N
3,68 )

V2
-50B

Puc. 10.1. BuixogHoi kackaaa knacca G ¢ nocneaosarensHoi KoHH-
rypaumen, unu kackag knacca B + C. 3HaueHus HanpsXXeHNH U HOMUHQ-
noB cxeMbl 0BbluHble. BHYTpeHHWI kackaps npeacTaBnseT sMUTTEpPHBIN
nosToputens, pabotatowmii B knacce B. Cxema cMelueHuns BoinonHeHa
B COOTBETCTBMM C NPEANOXEHHON BTOPOM AAHHOM KHUMM
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YCTOWYMBOCTU B OTHOIIEHUN JIOKaIbHOU BY HEycTONYMBOCTH, XOTS MCHOJb30BaHUE
BapUaHTa BBIXOJHOTO KacKaJa Ha Iape ¢ KOMILIeMeHTapHOU o6paTHoil cBsizbio, CFP,
MOTJIO UCII0JIb30BATHCS IPU U3BECTHOM OCTOPOKHOCTH KaK [IJ11 BHYTPEHHUX, TaK U 7S
BHEITHUX TTPUOOPOB, GO IS TeX W APYTUX cpasy. JJIs JOCTHKEHUS MaKCUMaTbHOI
3 GEKTUBHOCTH 110 BBIXOAHON MOIIHOCTH BHYTPEHHUN Kackajl oObIYHO paboTaer B
KJsacce B, X0Tst cOBepIIEHHO HET HUKAKUX ITPUYHH 75T TOTO, TIOUeMy Obl OH He paboTa
B kiacce AB, mubo kiacce A; 3Tu HeOGe3bIHTEPECHBIE MOAPOOHOCTU PaGOTBI OYIyT
06CyKIEHBI B KHUTE YyTh TO3Ke. ECIM MOIIHBIE BBIXOAHBIE BHYTPEHHUE MPUGOPHI
paboTaioT B Kjacce B, a BHEIIIHIe HAXOASITCS MOJ] HArPY3KOH B TeUeHHe BPEMEHH, KOTO-
po€e COCTaBJISIET TOPA3/0 MHOTO MEHbINE, YeM MOJOBUHA, U O0ECIIeUnBast BBICOKYIO
s dexTuBHOCTD 11pU pabore B kinacce C, TO corjmacHo KaaccupUKAIMOHHON cxeMe,
[IPEIJIOKEHHOI aBTOPOM JaHHOM KHuru [1], Takoil BapuaHT HoJKeH ObITh 0003HaYeH
kak kyacc B + C. 3Hauok <III0C» 03HAYaeT IocJjeloBaTesIbHOe, a He Iapajlie/ibHoe
BKJIOUEHUE BHEITHUX U BHYTPEHHUX BBIXOHBIX TPUGOPOB. JlaHHas 6azoBast KOH(UTY-
paius Gbiaa paspaborana dupmoii Xuraun (Hitachi) ¢ menpio cHUBUTH KOJIMYECTBO
TEMJIa, BBIAEJSIONIerocst mpu pabdore yeunutess [2, 3]. MysbIlKagbHBIN curHaI 60JIb-
Y10 YacTh BPEMEHU UMEET CPABHUTEIBHO HEGOJBINOI YPOBEHD, IPU KOTOPOM OTHO-
IIeHNe MUKOBOTO 3HAUEHUS K CPETHEMY SBJISIETCST TOCTATOYHO GOJIBIIINM, TIOITOMY pac-
cerBaeMasi TIPU PabOTe MOIIHOCTh OyleT 3HAYMTENHHO YMEHbBIEHA MPU MUTAHUN
CXeMBI OT * IIIMH UCTOYHUKA IUTAHNS B Te€YEHUE 9TOTO IIPOMEKYTKA BPEMEHH.

Tpausucropsl BHyTpeHHero kackaga TR3, TR4 paboraior B o6eraroM Kiacce B.
Tpausucropst TR1, TR2 gBisiorcs 00bIYHBIME IIPHOOPAMU IPELOKOHEYHOIO KacKaza,
a pesucrop R1 gBisiercsa ux oOUMM SMUTEPHBIM PE3UCTOPOM. B cxeme Tpebyercst
OOBIYHBII reHepaTop cMeleHrus VCM ¢ TeMIlepaTypHoOl KOMIIeHCal[iel, IIpecTaBIeH-
HBIH 3/1eCh TEOPETHYECKN PasOUT Ha JBE YaCTU JJIST 0OeCTIeYeHrsT CHMMETPUYHOCTH
CXeMbl TIPU ee aHaJIn3e C UCIO0JIb30BaHueM rporpammbl MojenupoBanust SPICE; tak
KaK BHYTPEHHUE MOIIHBIE MOJIYTPOBOAHUKOBbBIE TpuGopsl paboraoT B Kiacce B, To
VMEHHO UX TeMITepaTypa JIO0JKHA OTCIEKUBATHCS MPU YCTAHOBJIEHUN YCIOBUM, OTpe-
IeIAIONNX BeINYnUHy ToKa B pabodeil Touke BAX. IIuTanue oT HMKHEIO MCTOYHUKA
nofaetcst yepes auoasl D3, D4, 06bI9HO Ha3bIBaeMble KOMMYTHPYIOIIUMU, 4TOOBI TO/I-
YEPKHYTb UX POJIh B OCYIIECTBICHUY TIePEKII0UeHNS MUH TUTanus. CaMo CJI0BO «KOM-
MYTaIHs> MOJKET BBI3BATH HEKOTOPOE HEJIOYMEHUE, CBA3AHHOE C OOGBIYHBIM TIEPEXOIOM
HATIPSKEHUS Yepe3 HyJieBoe 3HaueHue (TOYKy KpoccoBepa) Tpu pabore B OOBIYHOM
kaacce B. TIoaToMy aBTOp KHUTH TIPEANOYUTAET UCTIOIB30BATH [/ 0003HAYECHUS YPOB-
Hsl, TPA KOTOPOM TIPOUCXOUT TIePEKJIIOUEHNE TITUH, YPOBHEM MTEPEXO/Ia.

Korma nonoxuTe bHbIN HENPEPHIBHBIN CUTHAJ HAUMHAET MTPEBBINIATD HANPSKEHUE
HU3KOBOJIBTHOW IMUHBI TMTaHuss + V1, orkpeiBaercss auox D1. Tpausucropsr TR5
u TR6 oTkpbiBatoTCs, a anoj D3 3aKpbIBaeTCst, TO3TOMY COOCTBEHHBIN BBIXOIHOI TOK
Tenepb IMOCTyIaeT OT BBICOKOBOJIbTHOW IIMHBI NUTaHud + V2, 1Ipu 3TOM MajieHue
HAIMPSIKEHWS, a CIeOBaTebHO, U paccerBaeMasi MOITHOCTD, JIEJISITCS MEXKIy TPaH3U-
cropamu TR4 1 TR6. PaGoTa cxeMbl IIp1 CUTHAJIE ¢ OTPULIATENBHOM OJISPHOCTHIO OCY-
miectBJsieTcs TouHo Tak ke. Ha puc. 10.2 nokaszano, kak KoJIJIeKTOPHbIE HAIIPSIKEHUS
MOIIIHBIX BBIXO[HBIX MPUOOPOB BHYTPEHHETO KaCKa/a YAAJSIIOTCS 10 BEJUYUHE OT
HAIPSIKEHUST BBIXOIHBIX IIUH TI0 Mepe MPUOIKEHS K HUKHEMY YPOBHIO HaIpsikKe-
HUS TTUTAHUS.
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Puc. 10.2. BuixogHoit curHan kackapa, pabotaiowero B knacce G
M KOJUMEKTOPHBIE HAMPSXEHMS BLIXOAHbIX NPUBOPOB BHYTPEHHEro KAckapa

Yeunurens kiaacca G, eciiv rOBOPUTH B 001eM, UMeeT XY/IIIYI0 JMHENHOCTh XapaK-
TEPUCTUKHU TIO CPABHEHUIO C YCHUIUTENEM, paboTaloNMM B Kiacce B, OTBETCTBEHHOCTD
3a 9TO OOBIYHO BO3JIATAETCS HA TUOJBI M CBSI3BIBAETCST C TPOOIEMAMMU, BOSHIKAIOTITMH
npu ux nepeksodennu. Kak Beer/a, mprobpeTeHHoOe 3HaHUE COCTABIISAET TOTBKO TTOJI0-
BUHY JleJ1a, TaK KaK CYIECTBYIOT MHBIE TIPOOIEMBI € JINHEHHOCTHIO, KOTOPbIE, KaK 9TO
OyzieT BCKOpe TPOJIEMOHCTPUPOBAHO. HE CBSI3aHBI TOJIBKO ¢ WHEPIIMOHHOCTHIO THOJIOB.
HeorbemieMbiM TIPUHIUTIOM paboThl yeuiutesel kiaacca G SIBISETCS TO, UTO €Cin
JEefCTBUTENIbHO HaOJII0AAI0TCS HellpeIBUAeHHbIE IIPOOJIEMbI C IIEPEKIIOYEHUEM, TO OHU
BCTPEYAIOTCSI TOJBKO TP CPEHEM YPOBHE BBIXOJHOW MOIIHOCTH MJIU MTPEBBIIIAIONEM
€T0 ¥ JIOCTATOYHO TIPOCTO UCKIIOYAIOTCS M3 KPUTUIECKOH 00JIACTH TIePeXofia CUTHAIA
uyepes HyJIeBO€ 3HAYEHUE, B KOTOPOU YCUIIUTENb HAXOAUTCS OOJIBIIYIO YACTh BPEMEHT.
Yeunurens knacca G MeeT TMHEHHOCTH XapaKTEPUCTHKY B 0OJIACTH MATIOH BHIXOTHOM
MOIIIHOCTH, KOTOPO# 06JIaIaeT yCHIUTEb Kaacca B, TOUHO Tak :Ke, Kak U yCUJIUTENb
kaacca AB o6mamaer pu pabote B 00J1aCTH MO BBIXOTHOM MOIITHOCTH XapaKTepH-
CTUKAMHU YCUJIUTETS Kyiacea A.

10.3. 3¢ dekTMBHOCTL paboTbl ycunutens knacca G

B crangaptHoM MaTeMaTHYecKOM MeTojie pacyeTa a(pheKTUBHOCTU yCcuIuTesel Kiac-
ca B ¢ ucmosp3oBaneM BO30YKIEHIS CUTHATIOM CHHYCOUIATBHON GOPMBI MPUMeEHSI-
€TCsl HeMOCPEICTBEHHOE WHTErPUPOBAHUE a MpeJieiax TOMYIEPUOa IS TOTO, YTOObI
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paccyuTaTbh BHYTPEHHIOIO PACCEMBAEMYIO MOIIHOCTb OTHOCUTEJIbHO HAIPSKEeHUs, T.e.
OTHOCHUTEJbHO JIOJTM BO3MOKHOTO pa3dMaxa BBIXOIHOTO HampsikeHus. Kak xopoino
M3BECTHO, /7151 Kjacca B MakcuMasibHas paccerBaeMasi MOITHOCTD COCTABJISIET IIPUMED-
1O 40 % OT BeJIMYUHBI MAKCUMAJIHHON BBIXOIHON MOTTHOCTH, UJIU OTHOCUTENHHO 0N
BBIXO/THOTO HATIPSIKEHMS 0KOJIO 63 %, KOTOpbIe TaK)Ke IIPOU3BOJIAT Te ke camble 40 %
OT MaKCUMAJIbHOI BBIXO/IHOM MOIIHOCTU B HArpys3Ke.

Marematndeckue BBIKJIAIKA JOCTATOYHO MTPOCTBI, TAK KakK (popMa CUTHAIA He 3aBU-
CHUT OT YPOBHS BBIXOJHOTO CUTHaJsIA (T.€. ABJISETCS CUHYCOUAAIbHOM). Vcnoab3yloTes
BCE BO3MOKHBIE YITPOIIEHUSs, TaKUe, HAIPUMep, KaK PABEHCTBO HYJIIO TOKA B paboueit
TOYKE, OTCYTCTBHE 3MUTTEPHBIX PE3UCTOPOB, OTCYTCTBUE TOTEPb M3-3a HACBHINCHUS
Vee(sat) u 1.4. Ilpu paccmoTpennn yeummteneit kiaacca G, ¢ Apyroit cTopoHsl, (hopma
CHUTHAJIA CUJIBHO 3aBUCHT OT YPOBHST BBIXOIHOTO HATIPSIKEHUST, YTO TIPUBOUT K HEOOXO-
JIMMOCTH HCIOJIb30BATDh II€PeMEHHbBIE IIpe/esibl UHTeTPUPOBAHUSA U T. L., YTO IIPUBOJUT
K TPOMO3/IKOCTHY BBIYUCICHUH.

Metoza MozesnpoBaHus ¢ UCII0JIb30BaHueM opuenTHpoBanHoll Ha VIMC nporpam-
Mmbl SPICE, omucanubiii Cendom (Self) [4], HamHOTO TIpoIIE, XOTST HECKOJIBKO TPYI0-
€MKHI1, MOJKET HCIIOJIb30BAThCS BXOIHOM curHa J060ii popMsl, obecrednBast IIoIyde-
HUe aAuarpaMMBbl pactpenenerust momrnoctu, PPD, xotopas oToGpakaer, Kak
MOTITHOCTD, TIOCTYTIAIOIIAS OT UCTOYHUKA MTUTAHUS, PACTIPEIEISETCS MEKIY paccenBae-
MO¥T MOTITHOCTBIO B BBIXOJHBIX TIPHOOPAxX U MOJE3HON MOITHOCTBIO B HATPY3KE.

HukTo He monBepraeT COMHEHHWIO TOT (PaKT, YTO CUTHAJIBI CHUHYCOUIATHHON
(popMBI HETTPUTOAHBI /7151 MOJIETTUPOBAHUS MY3bIKQJIBHOTO CUTHAA U YTO UX OCHOB-
HOE MPENUMYIIECTBO 3aKJI0YAETCS B TOM, UTO OHY MTO3BOJISTIOT TPOBECTH MIPSIMOE CPaB-
HEHME ¢ YUCTO MaTeMatudeckuM npubimkenrem. OMHAKO, TAK KaK OCHOBHOI 3aj1a-
Yell MCMOMb30BaHus yeunureneil kmacca G sBasgeTcst sHeprocbepexenue, a popma
KCIIOJTb3YEMOTO CUTHAJIA CUJIBHO BJIUSET HAa KOHEUHBIH PE3yabTaT, TO aBTOP JaHHON
KHUTY CKOHIIEHTPHUPOBAJ BCe CBOE BHUMAaHME Ha lUarpaMMe paciipeieleHus: MOITHO-
ctu, PPD, ycunurens ¢ peaJbHBIMU MY3BIKQJIbHBIMUA CUTHAJIAMU WJIUA, BO BCSIKOM
cilydae, ¢ UX CTaTUCTUYECKUM TIpeJcTaBiIeHreM. [Ipubnmkenue s ciaydas Tpey-
rosibHoOM (pyHKIMU pacupexaesieHus: BepostHoctelr, PDF, onucano B pa6ore Cenda
(Self) [5].

Ha puc. 10.3 nmokazana quarpamma pacripeziesienust MmoitHoctu, PPD, B cirydae Tpey-
TOJIBHOTO paciipesiesieHns IoTHOCTH BeposaTtHoctH, PDF, mist Tpagunmonnoro ycnim-
Tessl Kjaacca B ¢ BBIXOAHBIM KacKaJ[loM Ha 3MHUTTEPHOM IIOBTOpHUTENE, TOTAa Kak Ha
puc. 10.4 mpezcraBieHa Ta Xe AWarpaMma sl ycuautess kiacca G, y KOTOPOTO
nanpsprenus (mmH nutanusa) £V2 = 50 B, a nanpsoxenus (mwun nutanus) V1 = 15
B, T.e. c oTHOIEeHNeM HanpsKeHuil Ha muHax V1/V2, coctapastionium 30 %. J{uarpam-
Ma pacmpezneneHus mMomuaoctr, PPD, moka3siBaeT MOIIHOCTD, pacCemBaeMyio BO BCeX
YeThIPEX BBIXOAHBIX MOIYITPOBOHUKOBBIX TIPUOOPAx, HATPY3KE, a TAKKe 0OILYI0 MOII-
HOCTb, MOCTYIAOILYIO ¢ IIMH MUTaHWs. 3aBUCUMOCTH TTOKA3bIBAIOT, KAKKM 00pa3oM
BXOJIHAst MOIITHOCTh PACTIPEIENISIETCS MEKLY HATPY3KOH M BBIXOAHBIMU MTPUOGOPAMH.
O6biirrie cyMMapHbIe MOTITHOCTH HECKOIBKO HUKE TI0 CPABHEHHIO C TTOCTYTAOIIEH BXOI-
HOU MOIIIHOCTBIO, 3T JIOJIsT OJIZKHA OBITH OTHECEHA, KaK OOBIYHO, 32 CUET MOTEPD B Mpe-
JIOKOHEYHOM Kackaje u peaucropax. Heo6xoaumMo o6paTuTh BHUMaHWE, YTO B YCUJIH-
teste knacca G paccenBaeMast MOIIHOCTD JIETUTCS, XOTSI M HE COBCEM MTOPOBHY, MEKIY
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Puc. 10.3. luarpamma pacnpegeneHms MOWHOCTH ANs TPARULIMOHHOTO
yeunutens knacca B ¢ BbIXoaHbIM KACKGROM HO 3MUTTEPHOM NOBTOPUTE-
ne, 06pabaThIBAIOLLErO TUMMYHBIA MY3bIKANbHBIA CUHAN C TPEYTONbHbIM
3aKOHOM nnoTHocTM (pacnpepenenus) sepostHoctv, PDF. Mo ocu X
OTNIOXEHA rPOMKOCTh
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Puc. 10.4. [uarpamma pacnpepeneHus MOWHOCTM Ans ycuUauTens
knacca G, y KOTOPOro OTHOWEHME HANPSXEHMH HA WMHAX MUTAHMS
V1/V2 cocrasnser 30 %. CurHan nopumHsETCs TPEyronbHOMy 3aKOHY
nnotHoctH (pacnpepenenus) sepostHocti, PDF. Mo ocu X otnoxena
rpomkocts. Ha BHewHux npubopax He pacceMBaeTcs HMKAKAS MOLL-
HOCTb, NOKA He JOCTMIHYT yposeHb -15 ab
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Puc. 10.5. uarpamMma pacnpepeneHus MOLWHOCTM ANS yCUnMUTens
knacca G, y KOTOporo OTHOLIEHME HAMPSXEHUH HA WMHOX AMTAHMS
V1/V2 cocraenset 60 %. Curian noguuHAEeTcst TPEyronbHOMY 3aKO-
Hy nnoTHocTH (pacnpepenehus) sepostHocti, PDF. Mpu cpasrennm ¢
avarpammamu puc. 10.4 BuaHo, 4to 06nacTb paccesHus BHYTPEHHUX
npuBOpPOB yBEAMYMNACH, O HA AOMIO BHELHMX NPUBOPOB NOYTH HUYe-
ro He OCTANOCH 30 MCKITIOYEHMEM PEXMMA MAKCUMANBHOM FPOMKO-
cTu

BHYTPEHHUMH U BHEITHUMU BBIXOJHBIMHU ITPUOOpaMu, a 310 nomoraetr 6osee addek-
THUBHO HCII0JIb30BaTh KPEMHHUEBBIE TTONYTPOBOAHUKOBbIE TIPHOOPHL.

Ha puc. 10.4 HuKHSAS 9acTh MPENCTABISAET MOITHOCTh, KOTOpas PacCcemBaeTCs Ha
BHYTpPeHHUX mpubopax, a GoJbIast TJIONAb KaK pa3 Haj Heil MpeCTaBJseT MOII-
HOCTb, PACCENBAEMYIO BO BHEITHUX MPUOOPAX; Uit KaKIOU TPYIIThl TPUGOPOB Ha Tpa-
(uke 0TOOpasKEHO TONBKO COOCTBEHHASI MOIIHOCTD PACCESTHYS, TOTOMY YTO KaK B KJIac-
ce B, tak u B kimacce G paGoraer TOJNBKO OAHA YaCTh YCUJIMUTENS OJHOBPEMEHHO.
PaccenBaemast MOIITHOCTD BHEITHUMH TIPHOOPAMU PaBHA HYJITO HUZKE TIOPOTA TIEPEKITIO-
YeHUs MIUH IIUTAHUsI, PACIIOJI0KEHHOTO Ha ypoBHE —15 11D HUKe YPOBHS MAKCUMAJIb-
HOU BBIXOAHOI MormrHOcTH. OOMIast paccenBaeMasi MOIHOCTD TIOJYTTPOBOAHUKOBBIX
puGOPOB IIPU MOJIHOM BHIXOAHON MOIIHOCTH cHIzKeHa ¢ 48 Br B kmacce B go 40 B,
YTO Ha MEPBBII B3TJIS/ U HE MOKET MTOKA3aThCS OYeHb 3HAUUTETbHBIM PE3yIbTaTOM JIJISt
YIBOEHUsI KOJIMYECTBA MOIIHBIX TPAH3UCTOPOB U TIPHOOPOB MTPETOKOHETHOTO KACKA/IA.

Ha puc. 10.5 mpuBoAsITCS TOYHO TaKhe JKe AUarpaMMbl PaCIIpeesIeH ST MOIITHOCTH,
PPD, Ho HanpspkeHus Ha mmHax muTanus V2 cocrasiser 50 B, a Hanpstkenns £V 1
cocrasisgior 30 B, T.e. otHomenue V1/V2 ycranoBieno Ha 3Hayenuu 60 %. Husko-
BOJIbTHAST 00JTaCTh PabOTHI B JIAHHOM CJIy4ae PACPOCTPAHSETCST BILUIOTH [0 3HAYEHIIST
—6 1B OTHOCHTENBHO TIOJHON MOIIHOCTH, OJTHAKO, PAacceBaeMasi BHyTPEHHUMU 11PHOO-
pPaMHU MOIIHOCTh OKa3bIBAETCS BbIlle U3-3a (0Jiee BBICOKOTO 3HAYEHUS HAMPSIKEHIS
muH nutanus V1. Pe3yibratoM ABJIsieTcs TO, 4TO MOJIHAS MOUTHOCTD NMPUGOPOB TIPH
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MaKCHUMaJIbHOHN BBIXOIHON MOIIIHOCTY yMeHbInaeTcs ¢ 48 BT B kmacce B 10 34 BT, uto
MPeJICTABJISIET 3HAUUTENbHOE yiIydllieHre, 3HaueHue moJHON 3(PMEKTUBHOCTH YCUIIK-
TeJIsl CUJIBHO 3aBUCHT OT TOTO, KAK COOTHOIIEHHME HANPSLKEHUN HA IMWHAX TUTAHWS
COOTHOCUTCS C XapaKTEePUCTUKAMU MY3BIKAJIbHOTO CUTHATA. /loMalTame BhICOKOKave-
CTBEHHbIE YCHJIMTENN [IPAKTHYECKH HUKOTrJa He paboTaloT Ha IIOJHOM IPOMKOCTH BCe
BpeMsI, ¥ B peajIbHOM K13HK 6oJiee HU3KKE 3HAUCHMsI HANIPSIKEHMI Ha IMHAX [TATAHS
V1 moryt obecrieuntsb Oojiee HUBKUI yPOBEHDb paccermBaeMOil MOIHOCTH. ABTOD KHUTU
BOBCe He TIpeAIoJiaraeT, YTo OTHOIIeHe HanpspkeHuit V1/V2 = 30% sBisercs onTu-
MaJIbHBIM COOTHOILEHMEM IPU BbIOOPE HAIPSIKEHWI /I HU3KOBOJIbTHBIX IUH IIUTA-
HUS BO Beex 6e3 MCK/IIOYEeHHs CUTYalUsIX, HO TAKOe COOTHOILIEHUE BBHITJIAAUT BIIOJIHE
OIPaBIAHHBIM JIJIsI GOJIBIIMHCTBA JAOMAIIHIX BBICOKAYECTBEHHBIX 3BYKOBOCITPOM3BO-
JISIIAX CUCTEM.

10.4. MpakTnyeckne CTOpoOHbI gena

B cBoe BpeMst aBTOp MaHHON KHUTH M3PSIHO MIPOMYUHIICS ¢ OOJIBIINM KOJTUIECTBOM
«HOBBIX U YJIyUIIEHHBIX> BBIXOHBIX KACKA/[0B, KOTOPbIE OOEIIAIH BCE, YTO JYyIIE YOI~
Ho. [T0aTOMY, BCTPETUBIINCH C HOBOI M MHTPUTYIONIEH 0COOEHHOCTEHIO, aBTOP KHUTH
CYUTAET, YTO MEPBOE, YTO HAJIO CHEJIATh B 3TOU CUTYAIlUH, TAK 3TO N300pa3uTh BHYIIIA-
IOIIYIO IOBEPHUE CXEMY, OZO0OHO TOMY, KaK 3TO ceano Ha puc. 10.1, u npoBeputs, oka-
JKETCST TN 0HA PaboTOCTIOCOOHOM TP ee MOIETNPOBAHNH C UCTOTH30BAHIEM TTPOTPaM-
mbl SPICE. OtoT npueM cpabatbiBaeT BIOJHE XOPOIIIO.

Ciemyiomuii aTan 3aKII09aeTCss B TOM, 4TOOLI co6paTh cxeMmy, 00ecrednTh ee
MUTAHWMEM OT MIUH C TIOHM)KEHHBIM HAMPSKEHUEM, YTOOBI CBECTH K MUHUMYMY
MOCJIEICTBIS BO3MOXKHBIX (heliepBEepKOB U B3PBIBOB, U TTOCMOTPETH, PabOTAET JIM OHA
peaspHO Ha yacToTe 1 k. DTOT aTam ropaszo ciaoxHee U JIHTEIbHee, YeM MOXKeT
MTOKa3aThCSl.

MopaenupoBanue ¢ HMCMOJIb30BaHNEM (OPUEHTHUPOBAHHOW HAa WHTETPaJbHBIE
Mukpocxembl) nporpamMmbl SPICE upe3BbruaiiHO 10JI€3HO, HO OHO He TMOAXOIUT JIs
1esiell TeCTUPOBAHUS peaJbHOTO MPOTOTUIA. JOCTATOYHO JIETKO PACCYUTATDh CJIOK-
HBII U C NIPEKPACHBIMU XapaKTePUCTUKAMU BBIXOHON KAacKaJl, KOTOPBIH ITPOSBIISIET
IIpeKpacHble KayecTBa B IIPOIECCE MOJIETMPOBAHMS, OTHAKO B PEATbHOCTU OKa3blBa-
€TCsI HEBO3MOKHBIM OGECIIEUUTh €r0 YCTOWYMBOCTh B OOJACTH BBICOKHUX YaCTOT.
YacTb 13 HanboJiee MHTEPECHBIX KOH(PUTYPAIUI UMEIOT CKJIOHHOCTh CTPAaTh UMEH-
HO OT 3TOTO.

OxOHYATENBHBIN ITAM, U OTSATH OH TOPA3n0 OOJbINE, YeEM MOKET MOKA3ATHCS, ITO
MO/IBEPTHYTH 00pa3el] TeCTUPOBAHUIO B PEABHOM pexkuMe paboTsl Ha yactore 20 kI,
a Takke 06oJiee BBICOKOM. Il OIAThH BIIOJIHE BEPOSITHO BCTPETUTHCS ¢ KOH(MUTryparueit
cXeMbl, KoTopast b0 BoBce He paboTocnocobHa Ha yactore 20 k' (Hampumep, U3-3a
OrpaHUYEHU B CKOPOCTHU PAOOTHI MOIIHBIX BBIXOAHBIX TPAH3UCTOPORB), IHOO KOTOpAst
CPBIBAETCS B PESKUM TeHepaIluu, NI NHOE He COBCEM ITPABUJIbHOE MOBE/IeHIE, KOTOPOE
He MOTJIO OBITH OOHAPYIKEHO TTPU TecTHpoBaHuK Ha yactore 1 kI1r.

TonbKO TOCIE TOTO KaK 9TH KU3HEHHO BAKHBIE BOMPOCH OYIYT PEIIEHBI, HACTYIAET
BpeMS PacCMOTPEHUS JeTajlell cXeMbl U OlIpeiesieHNs], HACKOJIbKO XOPOIIN MOTYT OKa-
3aThCST XAPAKTEPUCTUKY PAOOTDI YCUTUTES.
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10.5. TpeGoBaHMs K 3agaHNIO HANPSXKEHUIN CMELLLeHUS

TpeboBaHus K 3alaHUI0 BEJINYNH HAIIPSDKEHUN CMEIEHUsT TOPa3/io CIOKHEE 110 CPaB-
HEHUIO CO CTydaeM yCunTesist, paboratoriero B kiaacce B. TpebyroTes aBa JOMOJTHU-
Te/IbHbIX IeHepaTopa CMemalomero Hanpsxenus, Vey3 1 Viy4, 4TOOBI 3aCTaBUTH
Tpansuctop TR6 BKIOUNTHCS 10 TOTO, Kak Ha TpaH3ucTope TR3 mcuesHeT KoMLIeKTOP-
HOe HaTlpsKeHre. SHAYEHWS 9TUX JOMOJHUTETHHBIX HAPSSKEHNUN CMEIIEHUS He OUY€Hb
KPUTHYHBI, HO OHW He JIOJGKHBI CHUYKATHCS JI0 OYeHb MaJIbIX 3HAUEHUH J1b0 CTaHO-
BUTBCSI CTUIIKOM GOJIBITUMU. EC/IU 9TH HAPSIKEHMS CMelieH st O Gbl YCTaHOBJIe-
HBI CJIUIIKOM MAJIBIMK, TO BBIXOJHBIE TPUOOPHI BKJIIOUANUCH Obl CJMIIKOM TMO3/HO,
3aTeM Harnpsikenue Vee Ha TpaHzuctope TR3 cTaHOBUTCS CAUNIIKOM MAJIBIM U €TO CIO-
COOHOCTD TIPOITYCKATh TOK CHUKAeTcs. [Ipu OlleHKe 9TON CUTYaluu CJAeLyeT TIPUHU-
MaTh BO BHUMAaHUE caMOe HU3KOe 3HaYeHUe MTOJHOTO KOMILIEKCHOTO COTTPOTHBIIEHUS
HATPY3KH, Ha KOTOPYIO INIAHUPYETCsT paboTa YCUIUTESI, 8 TAKIKE TOKU, KOTOPbIE OYIyT
HoTPe6AATHCS el OT BBIXOAHBIX IPHOOPOB. CTabHIUTPOHBI KOMMEPYECKOTO HCIIOJIHE-
HUS ¢ OOBIYHBIMU JOMYCKaM¥ Ha BEIMYUHY (DUKCHPYEMOTO HAMPSIKEHMS 0beceyrnBa-
0T JIOCTATOYHYIO TOYHOCTH U CTAOUIBHOCTD [IJIsI YCTAHOBKU 3HAYEHUI HATIPSKEHUN
CMeEIIeHUIS VCM3 u VCM4.

C npyroil CTOPOHBI, ecJu HANPSKEHWE CMENIeHUS 33J[aH0 CJUITKOM HU3KHUM, TO
B Pe3yJIbTaTe BBIXOIHbBIE TPAH3UCTOPBI OYAYT OTKPHIBATHCSA CIMINKOM PAHO, TIOITOMY
BbIJIeJIsIeMast TEIIOBast MOITHOCTD BO BHYTPEHHUX MTPUOOPAX OKAJKETCST BBIIIE, YeM 3TO
HEeOoOXOMMO JI71s1 TIPaBUIIbHOM paboThl. [Tocaenuuii ciyyaii cosmaer MeHblme pobie-
MBI, TI03TOMY TP BO3MOKHBIX KOJEOAHUSIX BEJUYNHY HaHHOTO HANPSIKEHUST CMele-
HU Jiyulie G0 Obl BBIOMPATh GJIMsKe K BEPXHEMY 3HAUEHUIO, YeM K HUIKHEMY.

B opuruHasbHON cxeMe, HcosibsyeMoil kommanueil Xutaun (Hitachi) [1], crabu-
JINTPOHBI YCTAHOBJICHBI TIOCTIE/IOBATEIBLHO HA Ty TH TTPOXOKICHNS CUTHAA K BHYTPEH-
HUM TPaH3UCTOPAM IIPEJIOKOHEYHOTO KACKA/A C 1[eJIbI0 YCTAHOBUTD HAIIPSIKEHIE CMe-
IIEHMSI TTOKOSI BBIXOAHBIX TIPUOOPOB, WX HAMPSIKEHUS OKA3bIBAIOTCS BBHIUTCHHBIMU 13
HATIPSIZKEHUST OCHOBHOTO TeHEPATOPA, 33/IaI0IIEr0 CMEIeHHe, JIJIsT KOTOPOTo OBLIO yCTa-
HoBJieHO 3HaueHue 10 B (111 4To-TO 0KOJIO TOr0), HAMHOTO (0JIbIlee 3HAYEHe HAIIPSsI-
JKeHust, ueM 00b19HO (cMm. puc. 10.6). MonesnpoBaHue ¢ UCTONTb30BAHUEM TPOTPAMMBI
SPICE 1poaeMOHCTPUPOBAIO aBTOPY AaHHON KHUIHM, YTO IIPUCYTCTBUE CTAOUIIUTPO-
HOB B OCHOBHOW (TIPSAMOI1) TeW MPOXOKJeHUs CUTHATA K BHYTPEHHUM MOIIHBIM
MOJIYIIPOBOTHUKOBBIM TIPHOOPAM MPUBOIUT K IIJIOXON JIMHEHHOCTH, YTO, €CTECTBEHHO,
HE MOJKET OKa3aThCsl HEOXKMIAHHBIM. Takske BO3HUKaeT MpobseMa, YTO Ha YCJIOBHS,
ompeesionye ctabuIbHOCTb TOKa B paboyeil Touke, OyAyT BJAUATH U3MeHeHus pabo-
Yero HampsKeHust cTabuInTpona. ['eHepaTop HAMPSKEHUS CMEIEHUs ¢ pabounM 3Ha-
yernueM 10 B, eciirt 910 06BIYHBIN YMHOKUTEb HAPsKeHMs Vbe, OyeT uMeTh HaMHO-
ro 6oJiee BBICOKMII TeMIIepaTypHBIi KOA(hOUIIMEHT ISt TIPABUILHOTO OTCJIEKMBAHVST
TeMTIePaTyPHI.

[ToaTomMy aBTOp KHUTH U3MEHUJ CXEMY 3a/IaHUST CMEINEHUs B COOTBETCTBHUU C TOM,
koTopas npusoautcs Ha puc. 10.1. OcHOBHAS 1IeTTh TPOXOXKAEHIS CUTHAA YCUTUTENs
BeJIET HETMOCPEACTBEHHO K BHYTPEHHUM TIPUOOPaM, a [[Ba JIOTOJTHUTEIbHBIX HATIPSIKe-
HUIST CMEIIEHUsT OKa3bIBAIOTCS HAXOMSIIUMECS B IEMM K BHEITHUM BBIXOIHBIM PUOO-
paM; Tak KaK OHU He OKa3bIBAIOT IIPSIMOTO BO3/IEICTBUS HA BBHIXOAHON CUTHAJ, TUHEH-
HOCTh 3TOW IENU He SABJSETCS TaKoi YK BakHOW. CTaGUIMTPOHBI OKa3bIBAIOTCSI
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R2
100 Om

Vems TRy

Puc. 10.6. OpuriHanbHas cxema 304aHMS HANPSXEHUS CMELLEHMS YCH-
nurens knacca G, ucnonbayemas komnanuei Xutaum, B KOTOPoM Hanpsi-
XEHUS CMELLEHMH BHYTPEHHUX NPMBOPOB MOMYHAIOTCS BLIYMTAHMEM
HanpsxeHui Vg M Vo4 M3 HONPAXEHWS CMELeHMs, 30AaBaeMOro

OCHOBHbIM FTreHEPATOPOM CMELLEHUSA

UCKJII0YeHHBIMHA U3 OCHOBHOI 1IN NMPOXOKAEHUSA CUT'HAJIA, IIO9TOMY T'€HEPATOP CMe-
meHusa MOXKET OBITD CTaH/IapTHBIM. On AOJIKEH UMETDH TEIJIOBYIO CBsA3b C BHYTPEHHUW -
MU MOMTHBIMUY MOJYTIPOBOJHUKOBbIMU HpI/I60paMI/I; BHEHIHMNE Ke HpI/I60pr HE OKa3bIBa-
0T BJIMAHUSA Ha YCJIOBUA MMOAJEPKaHUSA CcTaOUIbHOCTH TOKA B pa6oqeﬁ TOYKeE.

10.6. NMpo6nembl NMHENHOCTY NOCNeA0BaTeNbHOIO ycunutens knacca G

JlureltHOCTD yeuauTens knacca G 04eHb 9acTo HAXOUTCS B COCTOSTHUN HEOTIPeIeieH-
HOCTH U3-32 TPYAHOCTEN ¢ repekyoyeHneM muH mutanust. Juoxst D3 u D4 nomkab
OBITH MOIIHBIME TPUGOPAMHU, KOTOPBIE B COCTOSIHUM IIPOIYCKATh TOKH B JAECSITOK
u 6oJjiee amiiep, a 0ObIYHbIE KPEMHUEBbIE BHIIPSIMUTEIbHBIE AUO/bl, PACCYMTaHHBIE Ha
10/J00HbIE TOKU, UMEIOT GOJIBINOE BPEMS BLIKJIIOYEHUS, CBSI3aHHOE C PacCcachbiBaHUEM
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Puc. 10.7. Muuku, obpasosaslumecss M3-30 HOKOMNEHWs 3apsaa B obbiu-
HbIX IMOAAX; MOAENIMPOBAHME NpoLecca BbinonHeHo ans vacrotsl 10 klu.
OHM BO3HMKQIOT TONLKO B MOMEHT BbIKIIIOYEHHUS AMOAT, NO3TOMY MX Habnto-
AAETCs 30 NepPUOp, BCEro ABA. ITH MUYKM (LIyMOBbIE BCMNECKM) ANs 4QCTOT-
HOM 3QBMCUMOCTM CYMMAPHOTO KO3GOULMEHTA HENMHENHBIX MCKOAXEHWM
NOMHOCTBIO MCYE3AIOT, KOTAA B MOAENM ucnonbaytotes anogs! Lotk

6OJIBIIOr0 HAKOILJIEHHOIO 3apsia B 6aze. ITOT IIPoliece IPUBOAUT K BeCbMa HEraTUBHO-
My 3 deKTy: Kor/ia HallpsKeHUe Ha Katojie noja D3 HaumHaeT MpeBbIaTh HaIpsiKe-
Hue V1, n1uoj TbITaeTCs PE3KO 3aKPBIThCS, OJHAKO TMOJBV)KHbIE HOCUTENU 3apsijia
B 6ase MOJAEPKUBAIOT KOPOTKUIA, HO OOJIBIION 110 BeJIMYUHe, 00OpaTHBII TOK, TaK Kak
OHU BBIHOCSITCS 110JIEM M3 006JIACTH Hepexo/ia. ITOT TOK MOJAEPKUBAETCS TPAH3UCTO-
pom TR6, mbrTalonuMcss B KayecTBe SMUTTEPHOTO IMOBTOPUTENST TOJEPKUBATH
HeoOXOAMMOe HallpsKeHue Ha cBoeM aMuTTepe. J1o chX 110D Bce XOPOLIO.

OpnHako, Kor/ia TOK oI pekpamniaeTcs, TpaH3uctop TR6 mpojio/skaeT octaBaThCs
B IIPOBOJAIIEM COCTOSHUM, GJIarofaps HaKOILJIEHUIO CBOUX COOCTBEHHBIX HOCUTEJEN
3apsaza. M30bITOYHbI TOK, KOTOPBIA OH BKJIIOYMJI, YTOOBI IHMTATh AMOJ B 00paTHOM
HaIpaBJIeHNW, HAYMHAET TPOXOJUTh Yepe3 KOJJIEKTOp TpaHaucTopa TR3, KoTopsrit
MPOITyCKaeT ero M3-3a HU3KOTO KOJJIEKTOPHOTO HATIPSIKEHUS Vee TPaH3UCTOPa, U fajee
MTPOTTYCKAET €T0 B HArpy3Ky uepe3 aMuTTep Tpanzuctopa TR3 u pesucrop Re.

Jtor mpoitece 6e3 Tpyaa aeMoHcTpupyercst porpammoil SPICE npu Mozenposa-
HUU KOMMYTALMOHHBIX HEpPeXOAHbIX Ipoieccos; cM. puc. 10.7 u 10.8. Heobxoxumo
06paTUTh BHUMAHUE, 4TO 3a OJMH [IEPUO/] HAbJII0AE€TCA TOJIBKO J[Ba, 8 HE YEThIPe ITUUKa
(LIIyMOBBIX BCILIECKA) — TaK KaK OHY HaOJII0aI0TCS TOJbKO IIPH BBIKJIIOYEHUH JIUOIO0B.
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Temperature: 25,0

30
'u/\Buxo,u,Ho'e HanpsXxeHue

N

=
20 A

HanpsxeHune nutanHna +15 B
10 1 S
L . B \ - Tokuepes ovon
|
-10 ; ; ; i /
Oc 20 mkc 40 mKe 60 mkc 80 mkc 100 mkc

Bpewms
Puc. 10.8. Mnuku BLIXOAHOTO HANPSXEHWS MO3BOASIOT OCTAHABAMBATH
BbIXOAHOM TOK AMoaa

B opurunanbHoii cxeme kommannu Xurtaun (Hitachi) aToii mpo6iemMe npitanuch HaiiTu
pellieHre 3a CYET WMCHOJIb30BaHUs OBICTPOAEHCTBYIONIMX TPAH3UCTOPOB U JUOIOB
(c MaJIBIM BpeMeHeM JKM3HU HOCHUTEJIEH 3apsifia), JEerMpOBAaHHBIX 30JI0TOM, OIHAKO
coryiacHo pabore Camiiess u ap. (Sanpei et al) [2], 310 06eceunsio TOJbKO YaCTUIHOE
pelieHue mpobIeMbI.

B HacTos1ee BpeMst 04eHb IIPOCTO MCKOPEHNUTH JaHHY0 IpobaeMy. MoIHblie 1105l
[IloTTKM JIETKO AOCTYITHBI B HACTOSIIIEE BPEMSI, TOT/Ia KAK UX IIPOCTO HE CYIeCTBOBAJIO
B gasexoM 1976 r. OHU MMEIOT 0YeHb BBICOKOE OBICTPOJENCTBHE 3a CYET OTCYTCTBHS
HEOCHOBHBIX HOCHUTEJIEN 3apsijia U, CJIe/0OBATEIbHO, HAKOILJIEHUST 3apsiia MOABUKHDIX
Hocuresieil B 6ase nuona. Kpome Toro, oHM UMEIOT AOMOJHUTENBHOE IPEUMYLIECTBO,
3aKJII0YAIONIEECs B HEOOBIIOM TIPSIMOM IIaJIeHUN HANPSAKEHUs PU OOJIBIIMX TOKAX,
nopsizika 10 A uan Gosiee BbICOKUX 3HaYeHUsIX. OCHOBHBIM UX HEJOCTATKOM SIBJISIETCS
CPaBHUTEJIbHO HEBBICOKOE 06PAaTHOE HAIIPSIKEHNUE, OAHAKO, [10 CYACThIO, IIPU UCIIOJIb30-
BAaHWM B YCUIHUTENAX Kjaacca G KOMMYTHUPYIONINE AUO/bI TIOABEPTAIOTCS B CAMOM XY/I-
IeM cJiydae BO3IEHCTBUIO PAa3HOCTU MeXAy HampsukeHussMu V2 u V1, U TO TOJbKO
TOT/Ia, KOT/Ia YCUJIMTENb HAXOAUTCA B 06JacTi Majioil paboueil MourHocTu. JIpyrum
MPENMYIIIECTBOM MCITOTHb30BAHUS MOIIHBIX AMOA0B [1IOTTKY SIBJIsIETCST TO, UTO OHU JEH-
CTBUTEJTHHO HAJIEKHBI, HAIIPUMED, aBTOP JAHHOW KHUTH TIOJBEPT UCIIBITAHUSAM JTUOIbI
komianun Motoposa (Motorola), paccunranmble Ha HoOMUHAIBHBIN TOK 50 A, Bo3eii-
cTBUIO TOKa B 60 A, TpuyeM MHOTOKPATHO, ¥ HU €IMHOTO OTKaza. Bce 3To siBiseTcs
HETJIOXUM TIPU3HaKOM. [Tuku (ITyMOBBIE BCIJIECKU ) TTOJTHOCTBIO NCYE3a/H Ha 3aBUCH-
MOCTSIX, TMOJYYEHHBIX METOIOM MOJETUPOBAHUS C WCIIOJb30BAHUEM IPOTPAMMBI
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SPICE, ecqiu B kauecTBe KOMMYTAIIMOHHBIX JINOI0B UCIIOJIb30BAINCH BBITIPSIMUTEb-
weie auoasl [lorTtku. Ilpm mMomesnpoBaHUM MCIOTB30BAIUCHh MUOALI TTPOU3BOICTBA
xomnaauu Motoposa (Motorola) MBR5025 ¢ nomuHaibHbIM TokoM 50 A 1 25PIV.

10.7. CtaTnyeckas NMHEeMHOCTb

PesymbpTaTsl MozsiesinpoBanus ¢ ucnosib3doBanueM nporpammbl SPICE, nmpuBenenHbie
Ha puc. 10.9, 1oka3pIBaIOT, YTO CTATHYECKAS TMHEHHOCTD (T.€. TaKas, KOT/la HE YUYUThI-
BaloTCs AnHAMuYeckre 3G GheKTI, Takie, HATIPUMED, Kak HAKOTUIeHMe 3apsiaa B 6ase
[IN0/Ia) 3HAYUTENbHO Xy’Ke 110 CPAaBHEHUIO ¢ ycuiauTesasmu kiaacca B. CymiectByer
00bIYHOE IS yeuiuTenell Kinacca B kosnebanue (KayaHue, HEYCTOMYMBOCTD) KO-
durmenTa ycumennst B 061aCTH TOYKHU TIEPEXO/Ia CUTHAMA Yepe3 HyJIeBOe 3HAUEHE
TOYHO TAaKOM JKe BETMYMHBI U (hOPMBI, UTO U JI7Ist 06braHOTO yeuaurenst Kmacca B, onxa-
KO B/IaHHOM CJIydYae TakKe MPHUCYTCTBYET CTYIEeHbKa 3aBUCHMOCTH Ko3(duiimeHTa

Temperature: 25,0
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Knacc A . ¢ # _\\
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Knacc B “\k T .
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BxopHoe HanpsixeHne

Puc. 10.9. Mogennposanne c ncnonbzosanmem nporpammbl SPICE
NOKA3LIBAET M3MEHEHWS B MOCTEMEHHO YBENWUYMBAIOWEMCS YCUNEHUM
nocneposarensHoro ycunutens knacca G ¢ BbIXOAHBIM KACKOAOM,
BbINONHEHHbIM HA 6a3e amuTTepHOro nosToputens. CTyneHbk1 B 3aBMCH-
MoCTH KoadduuMeHTa yeunerus B obnactu nepexopos (npu 16 B) 0bs-
30HbI CBOMM NpoucxoxaeHneM apdekty Upnu B TpaHsuctopax. Bepx-
HSisl 3ABUCMMOCTb OTHOCHTCS K YCUnUTento knacca A, HUXe NpeacTaBneHa
30BUCUMOCTb ANs yeunuTens knacca B. B paccmarpusaemom cnyuae kon-
NEeKTOpbI TPOH3UCTOPOB BHYTPEHHEO NPEJOKOHEYHOrO KACKAAA COeam-
HeHbl C MEPEKIIOHAEMbIMM BHYTPEHHUMM LIMHOMM (T.e. C KONNEeKTOpammu
BHYTPEHHMX MOLLHbIX NONYNPOBOAHUKOBLIX NPMBOPOB, KOK NOKA3AHO HA
puc. 10.1)
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Puc. 10.10. MopknioueHue KONNEKTOPOB BHYTPEHHWUX TPAH3UCTOPOB
NPEAOKOHEYHOrO KACKAAA K BHEWHEW WMHE NUTaHMS V2 yMmeHbaet
HENMHENHOCTb B HUX, BbI3BAHHYIO 3ddekTom Mpnu, a Takxe ymeHbiaeT
BABOE CTYMEHbKM B 30BUCUMOCTU KOIIULMEHTA ycuneHus npu nepe-
KNIoYeHUM

ycusenns npu 3HadeHnn 16 B. Takske mpUBOASTCS pe3yJbTaThl [T BHYTPEHHUX
npubopOB, CMENIEeHNE JIJIst KOTOPBIX 33/1a€TCA KaK IS IBYXTAKTHOTO yCUIUTE s, pabo-
TAIOMIETO B KJ1acce A; pe3yJIbTaThl JOKA3bIBAIOT, 4TO HAJIMUHUE CTYIIEHbKU HIKOUM 0Opa-
30M HE CBSI3aHO € NCKKEHISIMH TIepPexo/la CUTHAJA depe3 HyJIeBoe 3HaueHue. Tak Kak
JTAHHBIN aHAJIU3 TIPOBOAMUTCA JIJIs1 IIOCTOSIHHOTO TOKA, CTYTIEHbKA B YCUJIEHUU HE MOXKET
OBITh BBI3BaHA CKOPOCTBIO MEPEKJIOUEHHS AUOAa JUOO WHBIMH JUHAMUYECKUMU
acdexramu, 03TOMY TOZ03peHNe HeMeayneHHo mano Ha adgdext Upan. (Idbdexr
Wpin npezacrapiser yBesndeHre KOJJIEKTOPHOIO TOKA TPAH3UCTOPA [1PU YBeJUYeHUU
KOJITEKTOPHOTO HAMPSTKEHMS aKe B CIydae, KOria 6a30BO-9MHUTTEPHOE HATPSKEHUE
Vbe ocraercst HemsmenubiM.) Korfa TOSBAAIOTCS HEOKUAAHHBIC WCKAKEHUS TIPH
MOJIEJIMPOBaHKMHU T10400HOT0 poja ¢ ucnoyab3oBanueM nporpaMmmbl SPICE, to addek-
TBI, CBSI3aHHBIE C OIpe/leJIeHHbIM 3HaueHueM Koadduiimenta yCuaeHus: TpaH3nucTopa
U CBSIBAHHBIMHU C 9TUM 0a30BBIMU TOKaMHU, KaKyTCsl MaJIOBEPOSITHBIMH, HamboJiee
MOJIE3HBIM TIPUEMOM SBJISETCS B 9TOM CUTYAIllUU OTKJIOYEHUE TPU MOJETUPOBAHUN
adexra Upau moouepeHo /i KakI0TO U3 TPAH3UCTOPOB. B TpaH3UCTOPHOI MOjIe-
JIU, UCTIOJIh3yeMoii B iporpamme mozenuposatusi SPICE, apdext Upiu moxkeT GbITh
MOJIHOCTBIO UCKJTIOUEH 3a cueT 3ajiaHus st apamerpa VAF ropaszo 6ojiee BBICOKOTO
3HAYEHUS 10 CPAaBHEHUIO C YCTAHOBKOW €ro Mo yMOJYaHUIO, HAIPUMED 3HAYEHUS
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Puc. 10.11. Buixoato# kackag yeunurens Knacca G, B kotopom tpaH-
3MCTOPbI NPEAOKOHEYHOTO KACKAAA MUTAIOTCS OT BHELIHWX LWKH

50000 BmecTo cranmapTHoro 3Hadetus 100. ToT SKCIEPUMEHT HEMeIJIEHHO MTOKa3bl-
BAET, YTO CTYIIEHbKY B 3HAYECHIH YCUJIEHHUS OBLIN OJTHOCTHIO 00YCJI0BJIeHb! 3(h(HEeKTOM
Wpiu, geiicTBYIONEM KaK BO BHYTPEHHUX, TaK ¥ BHENTHUX BBIXOIHBIX MOJTYITIPOBOIHU-
KOBBIX Ipubopax. CTyIleHbKHU B ycuJIeHn: ObLIM HeMeJIeHHO yeTpaHeHbl. Korga TpaH-
suctop TR6 HaumHaeT /1elicTBOBATh, KOJJIEKTOPHOE HAIIpPsiKeHue Vce TPaH3ucTopa
TR3 6oJiee He yMEHBIIAETCS TI0 MEPE TOTO, KAK BBIXOHOM CUTHAJ CTAHOBUTCSI IOJIOKHU -
TEJTHHBIM, a OCTAeTCs MOCTOSIHHBIM, TI0 Mepe TOTO KaK HalpsiKeHue Ha amuTTepe Q6
M3MEHSIETCST B IPOTUBOTIOIOKHOM HAIIPABJIEHNUN C TOYHO TaKOH Ke CKOPOCTHIO, UTO U -
Ha sMuTTEepe Q3. ITO BHI3BIBaET A(D(HEKT HEOKUAHHOTO U3MEHEHUST YCUIEHUS], KOTO-
PBIH B IeHICTBUTEIBHOCTD YXY/IITaeT JINHEWHOCTD.

ITOT 3(DhEKT MPOSIBISETCSA B TPAH3ZUCTOPAX MPETOKOHEYHOTO KACKa/[a M BBIXO/IHBIX
npubopax B paBHOHU cTeneHu. B IpejoKOHEYHOM KacKajle OH MOKET ObITh J0CTATOUHO
MIPOCTO MCKJIIOUEH MPY €0 TTUTAHUK OT BHENTHUX ITHUH MUTAHUS BMECTO HCIIOJIb30Ba-
HUS JIUIS 9THX 1eJieid BHYTPEHHUX [IMH. DTO MPeI0TBPAINAeT HEOKUIaHHbIe M3MEHEHS
B CKOPOCTH, ¢ KOTOPOI M3MEHSIIOTCST KOJIIEKTOPHbBIE HAMPSLKEHUsT Vee TTPe0KOHEUHO-
ro Kackama. YJydlueHue JuHeliHocTu Habjomaercss Ha puc. 10.10, rme crymeHbka
KoaddulrenTa ycuieHus: yMeHbIaeTcs 1o BejauurHe BaBoe. OKoHYATEIbHAS CXEMA
npusogutcs Ha puc. 10.11. MomHocTh, paccenBaeMasi B Ipubopax MpeioKOHEYHOTO
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KaCKa/la, B IEUCTBUTEIBHOCTH BO3PACTAET 32 CUET YBEJINYEHUST KOJIJIEKTOPHOTO HAIIPSI-
JKeHUsT Vce TPaH3MCTOPOB MPEJOKOHEYHOTO KacKala, OJHAKO OHA COCTABJSIET JIHIND
MaJIyIo Z0JI0 OT NOTPeO/IAeMOli MOLTHOCTH, [109TOMY 001Iast 3G GEeKTUBHOCTh YMEHb-
nraeTcst HeaHaunTeabHO. COBEPIIEHHO OUEBUIHO, YTO HA TIPAKTUKE HE COBCEM Pa3yMHO
HCIIO/IB30BATh TOT K€ METOJ JISI BBIXOAHBIX IIPUOOPOB, TAK KaK B 9TOM CJIy4ae HU3KO-
BOJIbTHASI [IMHA IMTAaHUS BOOOIIe HUKOTAA He OyAeT MCIOJIb30BAThCS U YCUJIUTENb
HuKorzaa He Oyaer 6oublire paboraTh B Kaacce G. MajlocurHajibHbie KacKabl AeHCTBY-
TEJIbHO JOJKHBI pab0TaTh OT BHEIIHUX LIMH IIUTaHUsI, YTOOBI OBITh B COCTOAHUM IeHe-
PHPOBATh HAIPSIKEHMUS ¢ TIOJTHBIM Pa3MaxOM aMILIATY/IbI JJIs1 BO30YKIE€HMS BBIXOIHO-
TO KackKaja.

Teneps yaaaoch H36aBUTHCS OT MPOBIEMBI ¢ KOMMYTUPYIOIUMU [HOJaAMU U YMEHb-
IITUTHh BABOE BEJUYNHY HEKEJATETbHON CTYNEHBKN B 3aBUCHUMOCTH KO3 (dHUIHeHTa
YCHUJIEHUsI B BBIXOJHOM Kackazie. C 3TUMU YJIYUIIEHUSIMU TelePh MOKHO Ha TIPAKTUKE
HIPOAOJIKUTD PaspaboTKy ycuautens knacca G, y KOToporo KoaGUIUeHT HeJnHei-
HBIX HCKaKeHUe B cepeinHe 1moJiochl 6yaer cocrapisitb meree 0,002%.

10.8. MpakTnyeckas cxema ycunurens knacca G

B cxeme ycummrens kiacca G, 0 KOTOPOM CTOJIb TIPOCTPAHHO TOBOPUTCS B JIAHHOM
IJIaBe, UCIIOJIb3YETCs MAIOCUTHAIBHASI CXeMa, OUeHb HATOMUHAIOMIAS Ty, KOTOPAs [IPH-
MEHsIach B 0Ee3YIPEYHOM BO BCEX OTHOIIEHHUSX YCHUJIMTENE MOITHOCTH Kjacca B, u
KOTOPBIN, KaK M3BECTHO, XapaKTEPH30BAJCS OYEHb MAJBIM YPOBHEM COOCTBEHHBIX
WCKaxkeHNH. Ecau ncmonb3yoTes HanpsKeHUs creliuduIecKoTo HCTOYHIKA T TAaHHUS
+50 u £15 B, MakcuMabHAsT BBIXOIHAsE MOIHOCTH TIpH pabore Ha HArpysky 8 Owm
coctaiisger nmpuMepHo 120 Br, a nepeksioueHve IiH TUTAHUST TPOMCXOIUT NP YPOB-
He MorHocTH 28 Br.

JTa cxeMa BKJIOYAET PA3JUYHbIE TEXHUYECKUE YCOBEPIIEHCTBOBAHI, OMUCAHHbIE
B JAHHOU KHWTe, OHA OUeHb OJIr3Ka K cxeMe besynpeutoro yeuuresnst Kinacca B, onu-
caHue KOTOPOTo MIPUBOAUTCS B pasjiesie 6.6, XOTsI 4aCTh 4ePT HATOMUHAET TPEXPEKIIM-
HbIN yeumutenb (pasnen 6.11) u ycunurenb ¢ nHBapuanTHOW Harpy3koi. [Ipumeua-
TEJIHBIM TPUMEPOM SIBJISIETCST T[ellb OOPATHOU CBSI3M C MaJIbIM YPOBHEM IIIyMa,
JIOTIOJTHEHHAS BAPUAHTOM BXOJIHON 0OPATHOI CBS3K aBTOMATUYECKOTO PETYINPOBAHMSE
(xommencanmontoit OC), obecreunBaroieii, Koriga HeoOXOANMO, BBICOKOE 3HAUCHUE
IIOJIHOTO KOMILJIEKCHOTO COTIPOTUBIIEHUSL. J{JIst 3aIIIUTHI OT IEPETPY3KH B CXEME UCTIOJIb-
3yercsl OfHOIpaJAreHTHOe orpaHuueHne V1; oHO ocymiecTBisieTcst npubopamu Q12
u Q13. IpunIunuanbHas cxema u3obpasxkena Ha puc. 10.12.

Kak 1 Bo Bcex ciyyasx ycuiuTeseil, IpeijaraeMblX aBTOPOM JAHHOM KHHUTH, KO-
duruent obieit OC Ha yacrore 20 k1] iMeeT ymMepeHHOe 3HaYeHHe, paBHoe 30 1b.

10.9. YnpaBneHue ManocurHanbHbIMU UCKaXeHNMM

Uckaxkenus, noctynaorniye u3 KacKaJloB ¢ MaJIbIM YPOBHEM CUTHAJIA, y/IA€TCS yAeP:KU-
BaTh Ha HU3KOM yPOBHE TEMU K€ CAMBIMHU METOJIAMHU, YTO ¥ B CX€MaX JI[PYTUX YCUTTUTE-
Jield, pACCMOTPEHHBIX B J]aHHOM KHUTe. [[oaTOMy OHM paccMaTpuUBaIOTCS B JAHHOM KOH-
TeKcTe o4eHb KpaTko. Juddepenimanbraas napa BxogHoro kackana Q1, Q2 oxBaueHa
sokanbroit OC uepes pesuctopsl R5 u R7, 4To6bI HPENSITCTBOBATD BOSHUKHOBEHHIO
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nckaxeHnit Homep 1 Tperbeit rapMoHuKU. V3MeHeHUs1 COOCTBEHHOTO 3HAYEHUS Te
B 9TUX IPUGOPAx CBEAECHO K MUHUMYMY 32 CUET MCIOJIb30BaHUSI HEOOBIUHO BBICOKOTO
3HaueHMs TOKa o0Imeil nenu nutanus, papHoro 6 MA. IIpubopsr Q3 u Q4 npexcrasis-
0T BBIPOKAECHHOE TOKOBOE 3€PKasio, KOTOPoe 00ECIIeUnBAECT TOUHbIH GalaHC KOJIIEK-
TOPHBIX TOKOB TpaHazucTopoB Q1 u Q2, mpenoTBpaiiias BO3HUKHOBEHUE UCKAKEHUN
BTOPOIT TapMOHUKH. BXomgHoe conmpotusienue (pe3uctopsl R3 + R4) paBHo conpoTus-
JIEHHIO pe3rcropa o6paTtHoi ¢Bsa3u, R16, T.e. OHM OJMHAKOBBI U K TOMY e HeoObIuaii-
HO MaJIbl, B CUJIY YETO PacCOTIACOBAHHOCTH GA30BBIX TOKOB, TPOUCXO/IAIIAA OT H3MEHE-
HUIl B KOB((UIMEHTAX YCUIEHUS BXOJHBIX MPUOOPOB, Ma€T MUHMMAJBHBIA CIABUT
HOCTOsIHHO# cocTaBustioniell. Hecoorsercrsue B 3Hauenusx Vbe B Tpansucropax Q1
1 Q2 coxpaHsieTCst, HO ero BJIMSHIE TOpas/io MEeHbIIle, YeM BJausiHUe 6a30BbIX TOKOB Ib.
Hazke ecin tpansuctopbl Q1 u Q2 ABJISIOTCS BHICOKOBOJIBTHBIMU IIPUOGOPAMK CO CPaB-
HUTEJBHO MaJbBIMU 3HAUYEHUSIMHU KO3(DOUIIMEHTOB YCUJIEHUsS, BeJUYNHA CABUTA
MTOCTOSTHHOM COCTaBJISIONIEN Ha BBIXOJIE OKHA MOIEPKUBATHCS HA YPOBHE HE XYsKe
+50 MB. 9t0 TpeboBaHue COXPAHSIETCS MMOYTU JIJISI TOJABJISIONIENR YACTU BCEX TIPHMe-
HeHn#. Takoil mpueM ¢ HU3KUM 3HAYEHHWEM TTOJTHOTO KOMILIEKCHOTO COTIPOTUBJICHUS
yCTpaHsieT HeoOXOAUMOCTh WCIIOJNb30BAHUST TIPEBAPUTEIHHON YCTAHOBKU OasiaHca
b0 cenIel CepBOCUCTEMBI MO MOCTOSIHHON COCTABJISIIONIEH, B 3aBUCUMOCTH OT
TOTO, KaKast U3 HIUX MOXKET 0Ka3aThest 00JIee MOAXO/ISMIEN.

Bosee HU3KOE 3HAUEHUE COMPOTUBJICHHUS s pesuctopa R16 tpebyer mponopimo-
HaJIbHO OoJlee HU3KOTO 3HAYEHUS ¥ JUUIS pe3rcTopa R15, 4TOOBI COXpaHUTh HEU3MEH-
HBIM YCUJIEHWE, U 9TO YMEHBIIeHHE OOIIETO MOJHOTO KOMIJIEKCHOTO COTPOTUBIICHMSE
OTHOCHUTEJIbHO TPaH3uCcTOpa Q2 3HAUUTEIHHO YJIYUIIAeT CUTYAINIO C YPOBHEM IIIYMOB.
OpHako HU3KOe 3HAYEHUe COMpOTHBJeHus pe3ucropa R3 coBmecTHO coO 3HaueHMEM
conporusiienus 2,2 kKOM pesucropa R4 obecrieunBaer Takoe 3HaUYeHUE BXOJHOTO T10J1-
HOTO KOMIIJIEKCHOTO COIIPOTUBJIEHNUS, KOTOPOE OKA3bIBAETCS HEOCTATOYHO BBICOKUM
JUIs1 GOJILITUHCTBA MPAKTHYECKIX CIYYAEB.

[TpobsieMbl He BOSHUKAIOT, €CJIU YCUIUTEITb IOJKEH UMETD JIOTIOJTHUTEIBHbIN BXOI-
HOW KacKajl, HallpuMep, TaKOU KaK COTJIACOBAaHHBIN JUHENHBbIN pueMHuK. [IpaBuib-
HBIM MTOZG0POM OTIEPATTHOHHOTO YCUIIUTENIST MOKHO 06ECTIEUUTD KaCKaLy BOZMOKHOCTD
paboTaTh Ha HATPY3KY € MOJHBIM KOMILJIEKCHBIM cotpoTuBieHreM 2,2 kOm Ge3 reHepa-
UK JIOTOJTHUTENBHBIX UcKaxkeHuil. HeobxoanMo 3HaTh, 4TO m06aBJIeHNEe TTO0OHOTO
KacKa/la — Jlaske B cJIydae ero IPaBUIbHOTO pacueTa U UCIOJIb30BAHUS OTIePAIlMOHHBIX
YCUJIUTEJIeH ¢ CAMBIMU JIYUIIMMU XapaKTEPUCTUKAMU — 3HAYUTEIBHO YXYAILIUT COOT-
HOTIIEHUE CUTHAJ-TITYM. TO IPOUCXOIUT U3-32 TOTO, YTO YPOBEHD IITyMa, TEHEPUPYEMO-
IO CaMUM YCUJIUTEIEM MOIIHOCTH, 0YeHb Mas (OH 9KBUBAJIEHTEH TEILIOBOMY IIyMY,
nm mymy J[skoncona [Johnson] B pesucTope ¢ COMPOTUBIEHUEM B HECKOIBKO COTEH
OM), TIO9TOMY TIPAKTUYECKU BCE, YTO JIENAETCS C TIPOTUBOIIOJOKHBIMU HAMEPEHUSIMHU,
OyzeT Cepbe3HO YXYIIATh 3TO OTHOIIEHUE.

Ecsint oTCyTCTBYET OT/AENbHBIN BXOJHON KAaCKaja, TO JOJKHBI OBITh MPEAMPUHSITHI
cienyomue maru. Bee, 4To HEOGXOAUMO UMETh Ha BXOJ€ YCUIUTENST MOITHOCTH, —
3TO HU3KOE COIPOTUBJIEHNE TI0 TIOCTOSHHOW OJJHOBPEMEHHO C BBICOKUM €0 3Haue-
HUEM TI0 TIEPEMEHHOIT; IPYTUMU CIIOBaMU, He0OXOIUM JIOO0 IPOCCETh ¢ UHIYKTUB-
HocTbio 50 Terpu, 6o CPEACTBO UCIIOIb30BAHM B TOW MM MHOH GopMe HEKOrO
BH/a KOMIIEHCALIMOHHOM 0OpaTHO ¢BsA3u. 110 MHEHUIO aBTOpa KHUIU, abCOJIOTHO
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HET HUKAKUX COMHEHUH, KAKOH MMEHHO Ty Th HaJI0 H36PaTh, MOITOMY BBIGOP OCTAETCSI
32 KOMITEHCAIIMOHHOU 06paTHOll ¢Bsi3bto. CurHasm Ha Gase TpaHsuctopa Q2 moutu
B TOYHOCTH TaKOH K€, YTO U BBIXOIHOI CUTHAJI, IOATOMY, €CJIH CPEIHISI TOYKA PE3UCTO-
poB R3 u R4 ympasnsiercs kongencatopoM C3, TOCKOIBKY BOBIEUYECHHBIMU OKa3bIBa-
I0TCsI BXOJIHBbIE CUTHAJIBI, pe3ucTop R3 nmeer BbIicOKOe 3HAYeHUE TIOJHOTO KOMILJIEKC-
HOTO COIIPOTHBJIEHHS TI0 TIepeMeHHOI cocTaBistomell. Korma aBTop KHUTH BIlepBble
UCTIOJIb30BAJ 3TOT aPTYMEHT, y HETO ellle ObLIM HEKOTOPBbIE COMHEHUSI OTHOCUTENHHO
BBICOKOYACTOTHON YCTOWYHMBOCTH, IOITOMY OH BBeJ pesuctop R9, 4tobbl obecreynTsh
HEKOTOPYIO M30JIIHI0 Meskay Oasamu TpansuctopoB Q1 u Q2. B panbHelinem mpo-
6JieM ¢ HeyCTONYMBOCTBIO y aBTOPa KHUTHU HE BO3HUKAJO, a TAKKe OTCYTCTBOBAJIN
Kakue-n60 coOBIIEeH st OT GOJBIIOr0 KOJUYECTBA JIMII, KOHCTPYUPOBABIINX KaK TPeX-
PEXUMHBIN YCUIUTEb, TaK U YCUJIUTETh C MTHBAPUAHTHOU HATPy3KOH, B cXeMax KOTO-
PBIX MCITOTb30BANCH JTAHHBIE BAPUAHTHI.

[IpucyrctBue pesuctopa R9 orpanuumBaer Koa(hGUIMEHT KOMIIEHCAITMOHHON
06paTHOii CBA3M, TaK KAK CUTHAJ B TOYKE KOHTaKTa pe3uctopos R3 — R4 okaxercs Hec-
KOJIbKO MEHbIIle, ueM Ha Gase TpaHsucropa Q2, HO 9TO COOTBETCTBYET 00OCTOSITENb-
ctBam. [Ipu ucnospzoBanun pesucropa R9 c conporussienvem 100 OMm mosHoe BXOjI-
HOEe CONPOTUBJIEHWE IO TIepeMeHHON cocTasJisiomnieir Bo3pacraer a0 13 xkOwm, 4TO
OKa3BIBAETCSI JIOCTATOYHO BHICOKMM 3HAUECHUEM TIPAKTUIECKH JIJIsT TIOOBIX 1esieil. Bosee
BBICOKOE 3HAYCHHUE TI0 CPABHEHUIO C YKA3aHHBIM O3HAYAET, YTO HEOOXOAUM BXOAHOIT
OydbepHbIiT KacKa.

Bemmuuna npuseennoii na cxeme emxoctu kKougencaropa C8 (1000 mx®D) obecmeun-
BaeT COBMECTHO C pe3ucTOpoM R 15 HU3KOYACTOTHBIH CITa ] XapaKTEPUCTUKHU, COCTABJISIIO-
muit —3 1b na yacrore 1,4 ', [lesibio He SBISAIOCH HEPeAIbHOE PACHIMPEHUE UATTA30HA
B 06J1ACTh CBEPXHU3KUX YaCTOT, 4 YIIPa3HEHNE HU3KOYACTOTHOTO TTOIBEMA NCKAKEHMUIT
u3-3a acdexToB HeMHENTHOCTH B KoHeHcaTope C8. Ecsin ucnosib3oBasicst KOHAEHCATOP
¢ emkoctbio 100 Mk®D, To KO3 DUIIMEHT HETUHENHBIX UCKakeHuit Ha yactote 10 kI
yxymmrancs co 3aaderust meree 0,0006% no snagenus 0,0011%, KoTopoe aBTOp AaHHOI
KHUTY PACCMATPUBAET KaK HElPUEMJIEMOE C ACTETUYECKON TOUKK 3PEeHUsi, HO He BOBCe
C TOYKY 3PEHMSI BOCIPUATHS HA CIyX. DTO MECTO — BOBCE He TO, T7Ie CIIeAyeT ONPEAeTITh
HU3KOYACTOTHYIO TIOJIOCY TIPOIYCKAHUSI CUCTEMBI, 3TO JIOJLKHO OBLIO EIAThCS PAHbIIE, B
IEMsIX TIPOXOJK/ICHUST CUTHAJIA, THIE 9Ty 3ajlauy Hajlo ObLIO PEIIaTh C HEAJIEKTPOJUTHYC-
CKUMU KOHJIEHCATOPAMU, UMEIONTUMI 3HAYUTETHHO MEHBINNE JIOMYyCKH Ha BEJTMYUHY
HOMUHAJIBHOM eMKocTH. 3anutheie auonsl D1 u D4 mpemoTBpamnaior moBpeskieHe
konzieHcaropa C2 B cirydae, eCiid YCUIMTEb [TOABEPTHETCS OMIMOKe, KOTOPask 3aCTaBUT
€T0 BBIUTU B HACBIIEHNUE, IPUYEM B JIIOOOM U3 HAIIPABJIEHWI; JAHHOE MECTO BBITJISIIAT
KpaiiHie COMHUTETbHBIM JIJIST YCTAHOBKH JIMOJIOB, HO TaK KaK Ha HUX OOBIYHO HET MajleHuit
HanpsiKeHUs (Kak TOCTOSTHHOTO, TaK U TIEPEMEHHOTO), TO HUKAKUX OIPEeIIeMBbIX TTPH-
GOPHBIMU METOJIAMU UCKAKEHUIT HA HUX He HaGJI0aeTCs.

Kackan ycwnurens wanpsokenus, VAS, mpeicTaBieH saMUTTEPHBIM MTOBTOPUTENEM
Q10, pacrnoJsio)keHHBIM B KomieHcannoHHoi nenum Muiepa (Miller), mostomy
JIOKAbHAsT OTPUIaTebHAs 0OpaTHAS CBSI3b, KOTOPAs MpeHa3HaYeHa JIMHEAPU30BaTh
XapaKTEPUCTUKY KacKaJla yCUJIUTENST HalpsiKeHus, Bo3pacraeT. JT0 3(HQPeKTUuBHO
yCTpaHseT HEJIMHEHHOCTh KaCKa/la YCUIUTEIS HalpsikeHust. TakiuM o6pasoM, yBesrnde-
HUe AefCTBUS JIOKAJIbHON 0OPaTHOM CBS3U TaKKe CHUIKAET KOJJIEKTOPHOE KOMILIEKC-
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HOE COTIPOTHUBJIEHUE KACKa/[a YCUJIUTEST HATIPSKEHUST, TIO9TOMY HET HEOHGXOAUMOCTH
UCII0JIb30BaTh Oydep Uit Kackaja yCUJIMTENS HATIPSDKEHUST JUIST MPEIOTBPAIIEHIST
MOSIBJIEHUsT UCKaKeHUN HOMep 4 (HArpy3Ky IS KOJUIEKTOPA KAacKaja yCHJIUTEJst
HATIPSDKEHMS MPEACTABIISIET HETMHENHOE BXOHOE TTOTHOE KOMILIEKCHOE COTIPOTUBIIE-
HUe BBIXOAHOTO Kackana). EMkocTs kongencaropa Musiepa (Miller) Cdom cpashu-
TesbHo Besuka u coctasasier 100 nd st Toro, 4TOOBI MOAABUTL KaK COOCTBEHHYIO
€MKOCTD TPAH3UCTOPA, TAK U MAPA3UTHBIE EMKOCTU CXEMBI, 1 YTOOBI C/IE/IATh TOBEIEHIE
CXEMBI TpeIcKa3yeMbIM. PacueTHbIe CKOPOCTH HAPACTaHUS CUTHATA 0OEHX TMOJSAPHO-
creit cocrapysim 40 B/Mre. KosekTopHas Harpyska Kackajia yCHJIUTENST HAPsKe-
HUs TpaH3ucTop Q7 Mpe/CcTaBisieT CTAHAAPTHBIN UCTOUYHHK TOKA.

IToutn Beg BesmunHa KO3 GUIIEHTa HETMHEHHBIX NCKaKEeHUH U1 Ge3yTIPEeYHOrO
BO BCEX OTHOIIEHUSIX YCUJUTENSI ONPENEISIETCS MCKAKEHUSIME, OOYCIOBIEHHBIMU
MePEX0/[OM CUTHAJIA Yepe3 HyJIeBOe 3HAUEHHE, TI0ITOMY TO//IePKaHIe OIMTUMAJIBHBIX
YCJIOBU JIst TOKa B pabodyell TOUKe, 4TOObI CBECTH WX K MUHUMYMY, IpHOOpeTaer
0co60 BaskHOE 3HauyeHwe. [eHepaTop 3ajaHus CMEIIEHUs JJIsi BBIXOIHOTO KacKaja,
BBIMTOJHEHHOTO TI0 CXeMe SMUTTEPHOTO TIOBTOPHUTEJIS, Ge3pasJIndHO OT TOro, paboTaro-
mero B kjacce B uianm kinacce G, He0OX0IUM 711 TOTO, 4YTOOBI N30ABUTHCS OT KoJieba-
HUIT HanpsiKeHust Vbe U1 4eThIpex mocaeoBaTeIbHO BKIIOUEHHBIX (TPAH3UCTOPHBIX)
MEPEXO/IOB; IBYX M3 MPEIOKOHEYHOTO KACKa/la U JIBYX U3 BBIXOIHBIX TPHOOPOB. Bee 310
[IPEJICTABJISIETCS] TPYAHOW 3ajiauell, TaK KaK paccenBaeMble MOIIHOCTH B JIByX THUIAX
OJIYIIPOBOTHUKOBBIX TIPHOOPOB BEChMA PA3IHMUYAIOTCS; HO PellieHne TIPOOIeMbl OKa3bl-
BAETCsI MIPOIILE, YeM KAJKETCST HA MEPBBIN B3TJISL. B BBIXOJHOM KacKajie ¢ SMUTTEPHBIM
MTOBTOPUTEJIEM PACCEBaeMasi MOIIHOCTD MPEAOKOHEYHOTO KACcKa[a MOYTU TTOCTOSTHHA
[IPY U3MEHEHUH BBIXOJHOU MOIITHOCTH, TI03TOMY IIPOOJIEMa CBOAUTCS K OTCJIE;KUBAHIIO
YCJIOBUH Ha P-N-TepPeXo/iaX ABYX BHIXOIHLIX MpuGopoB. ['eHepaTop cMeleHust Ha TpaH-
sucrope Q8 TpeCTaBAsSeT CTAaHIAPTHBIA YMHOXUTEIb HanpsikeHust Vbe, y koToporo
BEJIMYMHA COTPOTUBJIEHUs pearcTopa R23 BbiOpaHa Tak, 4TOOBI CBECTH K MUHUMYMY
U3MEHEHVSI, BIUSIONINE HA YCIOBUS MOAEP/KaHNsI TOKa B paboueii TOUKe TOr/a, KOTaa
MPOUCXOIT CMEHA NIMH TUTaHus. ['eHepaTop cMelleHus 10JKeH ObiTh B (TEIJIOBOM)
KOHTAKTE C BepPXHell TOUKOH O[HOTO M3 BHYTPEHHUX BBIXOAHBIX TIPUGOPOB, a He ¢ TEIIo-
OTBOJAIIUM pairaTopoM. Takoil Beibop obecrieunBaer 6ojiee OBICTPYIO M MeHee 0CJjia-
GJICHHYIO TETJIOBYI0 OGpaTHYIO CBsi3b Juisi TpaHsuctopa Q8. KommekropHas merb
KacKaJa yCUJINTEJIST HATPSKEH ST BKJIIOYAET He TOJBKO TEHEPATOP 3a[aHIsT CMEIIEHNUS
Q8, 1o raxke u aBa ctabunutpona D8 u DY, KoTopbie ONMPeEsIOT, KaK PAHO MTPOUC-
XOJUT TIePEKJIIOUEHHUE IINH MUTAHUS, T.€. KK TOJbKO HAIPSKEHUsI Ha SMUTTEPax BHY-
TPEHHUX PUOOPOB IPUOJIMIKAIOTCS 110 BeJIMYMHE K HAIIPSKEHUSIM BHYTpeHHUX (6oJiee
HU3KOBOJIBTHBIX ) TITUH MTHUTAHSI.

JLyist BBIXOIHOTO Kacka/a Oblyia BRIOpaHa cXeMa SMUTTEPHOTO TIOBTOPUTEJIST, TAK KaK
U3BECTHO, YTO OHA MEHEee TPEIPACIIONOKEHA K TTAPA3UTHBIM UJIU JIOKATBHBIM OCITHII-
JISITIVSIM IO CPABHEHUIO ¢ KOH(MUTYpaIKelt, HCIIOIb3YIOIIEN Mapy ¢ KOMILJIEMEHTAPHOM
00paTHO# CBSI3bIO, U TAK KAK M3BECTHO, YTO JIAHHASI CXEMa B PABHOI CTEIIEHU BeeT
K HEU3BECTHOCTHU, KAXKETCSI PA3YMHBIM HPOSIBJISITH OCTOPOKHOCTD, TI€ 9TO BO3MOKHO.
Pesucrop R32 mpencraBisier OOBIYHBIN COBMECTHO HCIIOJNb3YEMBI SMUTTEPHBIN
PE3UCTOp /ISt BHYTPEHHUX TPUOOPOB MPEOKOHEYHOTO Kackaaa. BuerrHe mpubopst
mpenokoHeuHOTo Kackaga Q16 u Q17 uMeroT cBou cOOCTBEHHBIE 9MUTTEPHBIE PE3UCTO-
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pbl, R33 1 R36, KoTOpbIE BHINOJHAIOT CBOIO OOBIUHYIO POJIb 10 YCTAHOBJIEHUIO TIPHe-
MJIEMOTO 3HAYEHUsT TOKAa B TPUOOPAX MPENOKOHEYHOTO KacKaa Mocje TOro, Kak OHU
BKJIIOYAIOTCS], YBEJIUYMBATH KPYTU3HY XapPAKTEPUCTUKH [TPUOOPOB IMPELOKOHETHOTO
KacKaJla, a Takke B YCKOPEHUH TIPOIIECCa BHIKTIOUEHMSI BHENTHUX BBIXOAHBIX TIPHOOPOB
ImyTeM 0OeCIIeueHnsl eI, [0 KOTOPOMY HaKOILIEHHbIE B 0ase BBIXOAHBIX IIPHOOPOB
HOCUTEJIH 3aPsifia MOTYT OBICTPO PACCcOCaThCS.

Kax yse 00bsACHSIOCH paHee, KOJIEKTOPI BHYTPEHHUX MPUOOPOB TIPETOKOHEUHOTO
KacKaJia TO/IK/TI0YEHBI K BHENTHEH TTMHE MUTaHUsT, YTOOBI CBECTH K MUHUMYMY TTOJI0Y-
KY B 3aBUCUMOCTH KO3 HUITUEHTA YCUIEHNS, BBI3BIBAEMYIO PE3KUM U3MEHEHUEM KOJI-
JIEKTOPHOTO HATIPSKEHS TP TT€PEKITIOUEHUH [ITMH TUTAHUSI.

Perrerrie BoIpoca 0 pasMepax TeIIOOTBOISIIETO PajuaTopa, HEOOXOAMMOro s
JAHHOTO YCUJIUTEJIsI, He SIBJISIETCS IIPOCTHIM, B OCHOBHOM 13-32 TOT0, YTO PACCENBAEMAsT
TEIIOBass MOIIHOCTDL ycuauTesaeM kiacca G, 3aBUCHT B OY€Hb GOJIBIIONW CTEMEHU OT
BBIOPAHHBIX 3HAYEHU I HAMTPSKEHWI HA IIMHAX TTUTAHUSI U CTATHCTHYECKOTO Pacipe/ie-
JIEHVSI B COCTABJLTIONMUX curHaia. [yt yeuuress kiacca B, otmaioriero B Harpysky 8 -
Owm momrocts120 Br, monago6uics 661 paguartop, UMEIONU TEMJI0BOE CONPOTUBIIE-
uue nopsigka 1 °C/Br (13 pacuera Ha OJIMH KaHAaJ); HETLJIOXOW OTCUETHOUM TOYKON st
yeunutens kiaacca G, pa3BUBAIONIETO TOYHO TaKYIO JK€ MOIHOCTH, MOTJIO GBI MOCITY-
JKUTh 3HAYEHUE TETJIOBOTO COMPOTUBJICHUS, MMeIoIee MOJOBUHHOE 3HAUEHUE, T.C.
2 °C/Br. Kommyrupyionue guozabl [IIoTTku He TpeOyOT st cebsl TEMIOOTBOASIIIIX
pasvaTopoB, TaK KaK OHW MPOBOJAAT TOK TOJbHKO MEPHOAMYECKHU, a TIPSIMOE TaJIeHIe
HapsEKeHUs Ha HUX Masio. OOGBIYHO IPUHATO MOHTUPOBATH UX HA OCHOBHOM TEILIOOT-
BOJISIIIEM PaJHATOPE, XOTsI 9TO ¥ O3HAYAET, YTO OOJBINYIO YacTh BPEMEHH OHU OYIyT
HArpeBaThCsl, BMECTO TOTO, YTOOBI OXJIAKAATHCSL.

THD+N(%) vs FREQ(Hz)
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Puc. 10.13. YacrotHas saBucHMOCTb CyMmapHoro koadduuueHTa
HENMHEMHBIX MCKAXEHWH ans ypoeHei mowmocti 20 BT (no MomeHTa
nepeknioyeHus) u Mowwroctn 50 Br npu pabote Ha Harpysky 8 Om.
Beictyn (HepoeHocTH) B 06nactn yactotsl 8 kly 0bs3aH nopasneHuem
FAPMOHMK, BO3HMKAIOLUMX NPU NEPEXOAE CUTHANA YEpes HyNEBOE 3HA-
yeHne U KommyTaumio wuH. LLnpuHa nonocsl nponyckanms ans Becex
3asucumocten yeunutens knacca G cocrasnser 80 klu,
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Konpencarop C15 u pesucrop R38 obpasyor obbrunyio 1enb 3obens [Zobel].
Nunyxrusnocts L1 ¢ pemndupytonum pesucropom R39 usonupyer ycunurenab OT
€MKOCTH Harpy3Ku. DieMeHT, uMmeromuii ot 15 10 20 BUTKOB Ha CepIeYHUKe C AramMe-
TpoM 25,4 MM, GyieT paboTaTh JOCTATOUHO XOPOIIIO; BEJMUMHA HHAYKTUBHOCTH, B KOHIIE
KOHIIOB, HE TaK YK U KPUTUYHA JJist CTAOMILHON paboThI.

10.10. Paboume xapakTepucTuKu

Ha puc. 10.13 mpuBoasTCS 4YacTOTHBIE 3aBUCUMOCTH CYMMapHOTO KO3(hQUIlneHTa
HEJIMHEHHBIX UCKasKeHuii it MottHoctedt 20 u 50 Bt (ipu pabore Ha Harpysky 8 Om)
U, IO MHEHWIO aBTOPA KHUTH, OHU HATJISIAHO IEMOHCTPUPYIOT, UTO TaHHAS CXeMa SIBJISI-
€TCsl TPAKTUYECKUM KOHKYPEHTOM JIJis yeuauTess kinacca B. Cremyer cpaBHUTD aTh
Pe3yJIbTaThl C BepXHell 3aBUCMMOCTbIO Ha puc. 10.14, npuBegeHHON 11 Ge3yIIPEYHOro
yeunuTesist Kiaacca B, nmeroniero mornocts 50 Bt u marpysky 8 Om. Cuenyer 3ame-
TUTbH, YTO HIZKHSIS 3aBUCUMOCTD Ha puc. 10.14 mpuBOAUTCS 11 TOJOCH TPOITYCKAHUS
30 xI'it ¥ mpetHa3HAUYEHA TTPOZIEMOHCTPUPOBATH OTCYTCTBUE UCKAKEHUN HIKE YaCTOTHI
1 xT'1; gaHHble Ui CyMMapHOro Koadduilnenra HeJlMHeHbIX UCKaKeHUi B 00J1acTh
yacrort cBbime 30 kI He ABIAIOTCS 3HAYANTUMIY B IAHHOM CJIydae, Tak KaK BCe rapMo-
HUKHU OTGUIBTPOBAHBL. Bee 3aBUCUMOCTH, IPUBEIEHHBIE 3/16Ch, OTHOCSTCS JIJIS Y CHUIIH-
Tesst kaacca G, 4ToObl OBITH YBEPEHHBIM, UTO JIOObIE MIYMOBBIE BCIJIECKU BBICIIETO
MOPSI/IKa U3MEPEHBI TTPABUITBHO.

Ha puc. 10.15 npeacrapiiena peajibHast pa3HOCTHAST XaPAKTEPUCTUKA HeJUHETHBIX
HCKaKeHWiT 1J1st BbixoaHoi MourHoctu 50 Br. IIIyMoBbie BeIiecKu, 00yCIOBIEHHbIE
CTyIeHbKaMU B K03(h(UIMeHTe YCUIEHUs], UMEIOT OOJIbIliee KOJUIECTBO 3yOI0B
(«3a3y6puH») MO CPABHEHWIO C MCKAKEHUSMH, BBI3BAHHBIMU MEPEXOJIOM CHUTHAJA
yepe3 HyJIeBOe 3HAUEHWE, KaK U CJIEI0BATIO OKUIATh U3 3aBUCUMOCTel KoadduimenTa

AUDIO PRECISION thd THD+H(%) vs FREQ(Hz)
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Yactota

Puc. 10.14. YacrotHas 3aBUCUMOCTb CyMMapHOro koadduuueHta
HENMHEMHBIX MCKOXEHUH Ans Be3ynpeyHoro Bo BCEX OTHOLIEHUSX YCH-
nutens knacca B, paccumtanHoro Ha BbixoaHylo mowHocte 50 Bt u
paboty Ha Harpysky 8 Om
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Puc. 10.15. Popma curHana pasHOCTHOM XAPAKTEPUCTHKM CyMMAPHO-
ro Ko3pPUUMEHTA HENMHEMHBIX MCKAXEHMH OIS BBIXOGHOM MOLLHOCTH
50 Bt 1 Harpy3ku 8 Om. [JaHHas pasHOCTHAS XQPAKTEPUCTUKA MOXET
BbIFNSAETb NPUOBNM3UTENBHOM, HO HO COMOM Aene OHA JONXHA Bbitb
YCPEAHEHA BOCEMb pas3, 4TOBbl BbISBMTb LUIYMOBbIE BCMECKM WM TOUKM
Nepexopa Yepes HOMb M3 CMIHANA LWYMd; CYMMOpPHBbIH Ko3dduumeHT
HenuHeMHbIX uckaxeHni coctasnset ecero 0,0012%. BeptukanbHele
NIMHWKU cRyXaT ans 0603HAYEHMS MOMEHTOB NEPEKIOYEHMS LWHH

1 B,20,08 2 200mB B+C 20B1/80mM-—0,00c 200 mkc E3 | RUN
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Puc. 10.16. PasHocTHas xapaKTeprCTMKA HENMHEMHBIX MCKAXKEHMM Ans
BbIXOAHOM MowHocTH yeunutens 20 Bt npu pabote Ha Harpysky 8 Om
A0 nepeknioveHus WuH nuTtanus. Habniopatotes Tonbko McKaxeHus
Nepexopa CUrHaNA Yepes HyneBoe 3HAYEHWE, TAK KAK NepeKnioyeHMs
MeXAY WMHAMM MUTAHWS HEe MPOUCXOAUT
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DYNTHD THD+N(%) vs AMPL(dBu) 17 MAY 99 19:26:22
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Puc. 10.17. 3aercumocts Ko3pdULMEHTA HENMHEMHBIX UCKAXKEHUN OT
YPOBHS (MOLYHOCTH), AEMOHCTPHUPYIOLLAS KOK CYMMOPHBIN KO3 PHULMEHT
HENWUHEMHBIX MCKOXEHWUM BO3PACTAET, Ha4MHas ¢ MowHocTi 28 Br, koraa
HOYMHOETCS MPOLECC MEPEKIIOYEHMs WHMH NUTAHMS. HukHas 3aeucu-
MOCTb OTHOCHTCS K yeunuTenio, pabotatowemy B knaccax A + C, a sepx-
HAs — K yeunuTenio, pabotatowemy B knaccax B + C

YCUJIEHUS BBIXO/IHOTO KacKa/la, pejcTaBaeHHbix Ha puc. 10.9, 10.11. 3aBucumoctu Ha
puc. 10.16 moaTBepKIATOT BBIBO, UTO ITpu MotmHOCTH 20 BT, 10 mepekmiouenns miuH
[IUTAHUs, PA3HOCTHAS XaPAKTEPUCTHKA IIyMOB OYIeT He OTINYUMOM OT TOM e Xapak-
TEPUCTUKK I 0e3yNPEYHOr0 BO BCEX OTHOIIEHUSX YCUJIMTEJNs], paboTaiollero B
Kiacce B, B 910l 06/1acTi BBIXOJHOM MOTITHOCTH, B KOTOPOU YCUJIUTEIb, CKOPEE BCETO,
HaXOAMUTCA GOJIBIIYIO YaCTh BPEMEHH, Il Ka4eCTBa KOMIIPOMKCCOB He CYIECTBYET.

Ha puc. 10.17 npuBoanTCS 3aBUCIMOCTH CYMMapHOTO KO3 DUIMeHTa HeTUHEHHBIX
UCKKEHUN OT YPOBHS BBIXOAHOU MOIIHOCTU, AEMOHCTPUPYIOIIAs KaK CyMMAapHbBII
K02 DUIIMEHT HEeIWHEHHBIX MCKa’KeHWH Bo3pacTaeT, HauyWHas ¢ MommHocTh 28 Br,
KOTZla HAUMHAETCS TIPOIIECC TMEPEKTIOYeHUsT MUH NMuTaHusg ycuautess. CTyneHbKr
B o6smactu ipuMepHo 10 BT He uMeroT HIYero obOIIero ¢ yCUanuTeJeM — OHM [IPeicTa-
BJSIOT COOOHU apredakThl, BBI3BAHHBIE COOCTBEHHBIM TMEPEKIIOUEHIEM JIUATIA30HOB
B U3MEPUTEIHHOU CUCTEME.

Ha puc. 10.18 mpezncraBiens! peasbHble TPEUMYIIECTBA TUTAHUS BHYTPEHHUX TPH-
60POB KacKajia IpeBapUTeIbHOIO YCUJIEHUS OT BHEITHUX IIAH MuTaHus. IIpu ucmosib-
30BaHUY OPUEHTUPOBAHHON HA NHTETPAJIbHBIE MUKPOCXEMBI TPOTPAMMbI MOJIETTMPOBA-
nus SPICE (cM. panee 1o TeKCTy) BelMYMHA CTYIIEHbKH B KO3(hUIINEHTE YCUICHIS
ObLTa yMeHbIIEeHa MPUMEPHO BIBOE 3a CYET MCIOJIb30BAHMUs JAHHOTO MTPHeMa, U 3aBH-
cumoctu puc. 10.18 B 1ocTaTouHOI Mepe MOATBEPKIAIOT, YTO CYMMapHbIH Koadduiim-
€HT HeJIMHEeHHbIX NCKAKeHUH yMeHbIIaeTcs BaBoe B BU o61acTu, enuncTBenHoii o6.ia-
CTH, B KOTOPOH YPOBEHb IIyMa JAOCTATOYHO OYEBUIEH, YTOOBI OKa3aThCsi OBITh
M3MEPEHHBIM C JIOCTATOYHON CTEMEHBIO I0CTOBEPHOCTH.
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10.11. YcTraHOBReHMe NponcxoXXaeHns HoBoro Tuna ycunutens: knacc A + C

TpaguIMOHHbIA YCUIUTETh MOIHOCTH KJaacca B MoxeT ObITh TOYTH He3aMe JIUTEb-
HO TPeo0pPa30BaH B [BYXTAKTHBIN YCUIUTEND KJIACCa A TYTEM MPOCTOTO YBETMIEHVIST
HAIPsLKEHUs CMEIeHus, 4TOObI TI0MYYnuTh TpedyeMoe 3HaueHne ToKa B pabodeil Touke
BOJIBT-aMIIEPHOI XapaKTePUCTUKHU. JTO — eIUHCTBEHHOE PeabHOE I3MEHEHNE B CXEMe
YCUIUTEIIST, XOTsI HA CAMOM JIeJTe JIJIsT TPAKTUYECKOTO TIPUMEHeHUsT He0OX0MNMO TIpe-
IYCMOTDPETh MephI TI0 3HAYUTEIBHOMY YBEJTMYEHUIO BO3MOKHOCTEH [JIs1 OTBOJA
BBI/IEJISIONIETOCS TeIIa ¥ BO3MOKHOCTH JIJIsT IOABO/IA TIUTAHUSI C COOTBETCTBYIOMINM
ypoBHeM MotHocTU. COBEpIIEHHO TaKUe JKe MPUHITUIBI MOTYT IIPUMEHSITHCS U B OTHO-
meHnu yemiautenas kiaacca G. HezaBHO aBTOp AaHHONH KHUTH TIPEIJIOKHJ HOBYIO
u bosiee THOKYIO CUCTEMY ISl KiaacCu(pUKAIUU TUIIOB ycusureneil [6], u 3mech oHa
OKa3bIBAETCS UPE3BBIYAItHO yI06HOI 7st TosTb3oBanust. Onucanue paboThl YCUTUTEIST
B kiacce G kax pabory B kmacce B + C HeMesIeHHO YKA3bIBA€ET, UTO U1 TpeobpaszoBa-
HUS TaKOTO ycunutesist B kaace A + C Heo6X0AUMO JIMIIb YBEJINYEHNUE HAMPSKEHVST
CMETIeHVsI, M HOBBIU THTI YCHJIUTEST TOTOB. Takast KOHGUTyparnus yCuanTesst 00bean-
HSIET CBEPXUIEATBHYIO JUHEHHOCTh KIACCUYECKOTO YCHJIUTEJsT Kiaacca A BILIOTh 110
MOMEHTaA TIePeXo/ia B HOBBIH K1acC pabOTHI, TPU ITOM HABIIONAETCS TOJBKO HEOOTD-
ot apredakT ucKaxkeHnH Tpu O0siee BBICOKMX YPOBHIX MOIIHOCTH, KaK 9TO OBLIO
IIPO/IEMOHCTPUPOBAHO Ha TIpuMepe ycuuTesist kiacca B + C. cnosp3oBanne ycumm-
Tesist it pabothl B Kimacce A o3Havaer, 4To TIPOCTON YMHOKHUTENh 6A30BO-9MUTTEPHO-
ro HampsKeHus: Vbe, UCIOIb3yeMblii B KA4eCTBE MCTOUHUKA CMEIEHUs], MOKET ObITh
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Puc. 10.18. YacrotHbie 3aBUCHMOCTM CymmapHoro koadduuueHTa
HENMHEMHBIX WUCKAXEHMM AN PEeanbHOTO YCMAMTENs, PA3BMBAIOLLEFO
mouwnocts 50 Br B Harpy3ke ¢ conpotuenenrem 8 Om. Hanpsixenus wun
nutanus coctaensnu £40 B u 225 B. Uckaxenus 8 BY obnactu ymeHsb-
WaIOTCS BABOE MOCE MOAKMIOYEHUs BHYTPEHHWX NpMBOpPOB npepoko-
HEYHOTO KACKOAQ K WUMHAM BHELIHEr0 MCTOYHWKA NUTAHMS— MO CpaBHe-
HMIO C BOPUOHTOM MX PaBOThl OT BHYTPEHHWX LUMH MUTAHMUS —




10.11. YCTAHOBJIEHVE MPOUCXOXXAEHNSA HOBOIO TUMNA YCUJIUTENA: KJIACCA + C [3g8]

3aMeHeH CHCTEMO TOYHOTO YIPaBJIEHUST OTPUTIATETBHON 00PATHO CBSI3BIO, OCYIIECT-
BJISIIOIIEN TOUHOE yTIPaBJIeHE TOKOM B paboueil TouKe, HAO06Ue TOTo, KaK 9TO 0Cy-
HIECTBJIAIOCH B TPEXPEKUMHOM (UJIH TPEXMOJIAIBHOM ) YCUJIUTEJE, OTUCAHHOM B 9TOU
kuure. COBEPIIEHHO OTCYTCTBYIOT MPUYKMHBI, [0 KOTOPBIM YCUIATEIb He MOT ObI OBITh
CKOH(UTYPUPOBAH KaK TPEXPEKUMHBIN yCUIUTeNlb Kiaacca G, T.e. epeKIioYaeMblil
BPYUYHYIO MEKY PEKMMOM paboTHI B KTacce A 1 peskuMOM paboTh! B kiaacce B. Taxast
KOHCTPYKIIMS, 6e3 BCAKUX COMHEHUH, IpejcTaB/siia Obl yIUBUTENbHBINA (110 CBOMM
XapaKTePUCTUKAM ) YCHUIUTEb.

Ha puc. 10.19 nipeictaByieHbl 3aBUCUMOCTH CYyMMapHOTO KoahuilneHTa HeJnHek-
HBIX UCKaKEHUHH 11151 Io06HOTO yeusuTess kiacca A + C, pasBUBAIOIIETO MOIHOCTb
20 Br u 30 Bt npu paGore Ha Harpysky 8 Om. IIpu BeixoaHoit MotiHocTH 20 BT ncka-
JKeHUsI 09eHb MAJIbl, PA3yMEETCsI, HO BCE JKe HECKOJIbKO BbIIIIE, YeM /s YUCTOTO YCUIIH-
tesst knacca A. IIpu Berxognaoi motHocT 30 BT mogBagioTest crynenbku B K0addu-
IIUEHTE YCUJIEHUS, CBSI3aHHbIE C TTEPEKTIOUEHUEM ITUH MTUTAHWS, OJJHAKO CYMMapHBIN
K09((PUIMEHT HETMHENHBIX UCKAKEHUN OCTAETCS OYeHb XOPOIINO KOHTPOJUPYEMOU
BEJIMUMHON U HE BBIIIE, YeM 77 besynpeunoro ycwimrens kiaacca B. Cienyer otme-
TUTh, UYTO AHAJIOTUYHO TOMY, KAK 9TO MPOUCXOINT B yCUIMTeNe Kiacca B, korma cym-
MapHBIH K02(hGUITNEHT HETNHEHHBIX NCKAKEHU HAYMHAEeT HapacTaTh, TO 3TO IIPOC-
XOIUT €O CKOpOoCThIo 6 1B /okTaBy. {1 Toka B pabodeii Touke OBLIO 3a4aH0 3HAYEHNE
1,5 A

Ha puc. 10.20 mpencraBiena pa3HOCTHASI XapaKTEPUCTUKA HEJUHEHHBIX MCKaxKe-
HUiT Bo BpeMs pabotsl B kiacce A + C. CoBepiieHHO OTCYTCTBYIOT apTedakThl Tepe-
Xo/la CUTHaJa Yepe3 HyJieBoe 3HaueHre W HeOOJbIINe BO3MYIIEHUsI, KOTOPbIE JIei-
CTBUTEJIBHO JOJLKHBI OBITH MPHU TAKOM BBICOKOM YPOBHE CUTHAJA, [O3TOMY aBTOP
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Puc. 10.19. 3aeucumoct cyMmapHOro Ko3bUUMEHTA HENUHEHHBIX
UcKaxeHui ans yeunutens knacca A + C (ypoenu mowpoctu 20 Br u 30
Bt npu paborte Ha Harpysky 8 Om). BHyTpeHHue npubopsl npesokoHey-
HOTO KACKAAA MUTAKOTCS OT BHELHUX WMH
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Puc. 10.20. PasHocTHOS XOPAKTEPUCTUKA HENMHEMHBIX MCKAXEHWM
yeunurens knacca A + C nocne nepekmnioyeHus WhH NUTAHMS (MOLLHOCTb
30 Bt npu pabote Ha Harpysky 8 Om). MoxHo Habnopats apTedakTsl
NPOLIECCa NEPEKIIOYEHHS, HO HE MCKAXEHHS MEPEXOAa CUrHANG Yepes
HYNeBoe 3Ha4eHue

1 By20,0B 2 500wvB ~—104mkc 200 mKC E RUN

v v

Puc. 10.21. 3aBucuMocTb pasHOCTHOM XAPAKTEPUCTUKM CYMMAPHOTO
KO3 PULMEHTA HENMHEIMHBIX UCKAXEHMHA yeunuTens knacca A + C (mowy-
Hoctb 20 Bt npu pabote Ha Harpysky 8 Om)




10.12. AOBABJIEHUE ABYXMOJIIOCHOW KOMMEHCALIUU [333

AUDIO PRECISION APLAST$$ THD+N(%) vs FREQ(Hz) 50Br 26B
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Puc. 10.22, 3asucuMocTb pasHOCTHOM XAPAKTEPUCTUKM CYMMAPHOTO
ko3bdULMEHTa HenuHeHbIX MckaxeHuit yeunutens Knacca A + C (mow-
Hoctb 50 Bt npu pabore Ha Harpyaky 8 Om). BHyTpenHue npubopsi npe-
AOKOHEYHOTO KACKOAQ MUTAIOTCS OT BHELHMX WKH

KHUTHU HWCKPEHHE CUYUTAET, 4YTO 6szeT COBEPHIECHHO 663OHaCHbIM IIPpUHATH, YTO OHU
HUKOT/IA He OY/AYT TMPOSBIATHCS MPU BOCIIPUATHH «Ha ciyx». Ha puc. 10.21 Bugno
MIOJTHOE OTCYTCTBUE apTehaKTOB HA OCTATOYHOW 3aBUCUMOCTH MCKAKEHUIA, KOT/IA JaH-
HBII YCHINTEIb HOBOTO THIIA paboTaeT B 06IaCTH HU3KOM MOIIHOCTH, [0 II€PEK/IIoYe-
HU4; 3aBUCUMOCTb MMeEET BMJl, XapaKTepPHbIN /I JIMHEHHOCTU YCUJIUTesd Kiacca A
B umucToM Buje. M nakonen, Ha puc. 10.22 npesacraniena 3aBUCUMOCTb CyMMapHOTO
koadduirenTa HeIMHEHHBIX NCKAXKEHWH, KOT/]a YCUIIUTeb Pa3BUBaeT MOJIHYIO MOIIl-
nocth 50 Bt Ha Harpyske 8 OwM; Kak u paHee, 3aBUCKMOCTD CyMMapHOTO Koahduimen-
Ta HEeJIMHEHHBIX MCKaKeHuni paboTsl B Kiaacce A + C TPyAHO OTJIMYUTD OT aHAJIOTUYHON
3aBUCUMOCTH JIJISl yCUJIUTES Kracca B, o/lHaKo cyIiecTByeT 0IHO CKPBITOE MTPENUMYIIe-
CTBO, 3aKJIIOYAIONIeecss B OTCYTCTBUU MCKAKEHUN TIepexojia CUTHAJA depe3 HyJIeBOe
3HaueHue IPU MaJIbIX YPOBHAX MOIIHOCTH U OTCYTCTBUU KPUTUYECKU BaXKHBIX HACTPO-
€K, 33/Iaf0TINX HATIPSSKEHUS CMETEHNUS.

10.12. lo6aBneHne aBYXNONIOCHOM KOMMNEeHcaLum

Kax panee mokasas aBTOp B JaHHON KHUTe, ICKAKEHUS B YCUIIUTENE MOTYT OBITh OU€Hb
MTPOCTO YMEHBIIIEHBI 32 CYeT M3MEeHEeHNH B KOMIIEHCAIINH, YTO O3HAYaeT UCII0JIb30BaHNE
cxeMbl 6oJiee CIOKHOM MO CPABHEHUIO C TIOYTH YHUBEPCAIBHBIM METOJOM JIOMUHAHT-
HBIX 10JI0cOB (0c00bIX Touek Ha AYX). B rojioBe A0J/UKHA MPOYHO YKOPEHUTHCS
MBICJIb, UTO JII000€ OTCTYILIEHHE OT OOBIYHOM cXeMbl KoMIleHcauu 6 n1b/okTaBy, neii-
CTByIOIIEl Ha BceM TpoTsikennr AUX, okaskeTcst, CKopee BCETo, OTXOMIOM OT 6e3yCI0B-
HOU ycroitunBocTr. (ABTOP MaHHOU KHUTU WCHOJIB3YET STOT TEPMHUH B €r0 OOBIYHOM
3HAYCHUW; B TEOPUU K€ YIPABJICHUs TePMUH «HE30TOBOpPOUYHAsA WM Ge3yCcaoBHAsT
YCTOWYMBOCTB» O3HAYAET, UTO yBeJNUYeHrue KoahUIlueHTa YCUJIEeHUS TP PA30OMKHY-
TOI 111K BBIIIIE TIOPOTOBOTO 3HAYEHUS TIPUBOUT K HECTAOUILHOCTH, HO CUCTEMA OCTa-
eTcst cTabUIIBHOM JI7Ist BCeX OCTaJIbHBIX GoJiee HU3KMX 3HaueHUd. TepMUuH «ycJaoBHAs
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Ce; Cez

Puc. 10.23. UameHeHne cxeMbl NP1 MCMONb3OBAHUM ABYXMOMIOCHOM
KOMMEHCaumuu

YCTOWYHMBOCTH» O3HAYAET, UTO MPH O0JIee HU3KUX 3HAUCHUSIX YCUIECHHSI TIPH PA3OMKHY-
TOM TeMK CUCTEeMA TaK/Ke MOKET OKa3aThCsl HeCTaOMIBHOM. )

Y cIOBHO YCTOWYMBBINA YCUJIUTEIb MOXKET OKa3aThCs BITOJIHE TMOKJIAMUCTBIM U CTa-
OuIbHBIM IIpY paboTre Ha 0Oy PeakTHBHYIO HArpPy3Ky B HOPMAaJIbHBIX YCJIOBUSX,
OITHAKO, TIPOSIBJISATH ABSBOJBCKYIO HEYCTONYNBOCTD IPU BKJIIOUEHUN WJTU BBIKIIOYEHUN
MATAHUSA WJIW TIPU OTPAHWYEHUM CUTHAJA. JTO MPOUCXOAUT TOTOMY, UYTO MPHU 3TUX
ycsoBUaX 9P deKTUBHOE YCUIEHUE TPU PA3OMKHYTOI 1ETH YMEHbIIAeTCsI.

AptedakTbl, cCBI3aHHBIE C NCKAKEHUSIMU B ycuimTeste Kiaacca G, CHUKAIOTCS C UCTIOTh-
30BaHUEM OOBIYHON 0OPATHOM CBSA3M JOMUHAHTHOTO MOJIOCA MPAKTUYECKU TOUYHO TaK
Ke, KaK ¥ IPY HeJIMHEITHOCTH B TOUKe [lepexo/ia CUTHAJIA Yepe3 HyJIeBoe 3HAUeHTIIE, T.€.
He BriosiHe 3((PEKTUBHO, TaK KaK JJIUTEIBHOCTh apTehaKTa COCTABJISIET OU€Hb MAJYIO
JIOJIIO TIEPHO/IA U, CJIEIOBATEIbHO, OH COCTOUT M3 FADMOHIK BbICOKOTO mopsiika. Ciemo-
BaTeJbHO, KOMIIEHCAIMOHHASI CUCTEMA, KOTOPask yBeJUuuBaeT KoadduiueHt odbpar-
HOI CBsI3M B 06JIACTH BBICOKMX aKyCTUYECKHUX 4acToT, O6yneT ahheKTUBHOI 1151 apTe-
(akTOB BKJIOUYEHHs, T.e. TOYHO TaKUM ke 00pasoM, KaK M NPU HCKaKEHUSIX