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JIABOPATOPHBLIE PABOTDI.

PAJIMOITPMEMHGLIE U TTEPEJJAIOIIME YCTPOMCTBA

HCHL pa6OTBII O3HAKOMJICHHUC C TCOPCTHUYCCKUMU OCHOBAMHU H IIPAKTHYCCKUMU
HaBBIKaMH pa6OTI>I Pa3JINYIHBIX 2JICMCHTOB PAAUOIIPUCMHBIX YCTpOﬁCTB.

TEOPETUYECKOE OIIMCAHHUE.
Beenenue.

[TpumMepHYIO CTPYKTYpHYIO CXeMy HMPHUEMHOTO yCTPOICTBA MOXKHO M300pa3uTh
B BUJIE MATH (DyHKIIMOHATIBHBIX OJIOKOB (TPakToOB puc. 1, a).

YeunureneHblil (yCHIIMTENBHO-IPe0Opa3oBareabHblii Y'T) TpakT mpUHUMAET
curHai (1o BO3MOXKHOCTH 0€3 NMOTEePh) OT aHTEHHBI, OT(PUIBTPOBBIBAET €TI0 OT TTOMEX,
CMEIIAeT CHEKTP BXOAHOTO CHIHajla Ha MPOMEXYTOYHYIO YacTOTy, Ha KOTOpPOH
MPOU3BOJUTCA OCHOBHAasi o0OpaboTka curHana, ycunupaer ero. [lomg oGpaboTkoii
CUTHAJIa 3/1eCh U Jainee Mbl OylaeM MOHUMarb BCE NPeoOpa3oBaHUs CUTHaIA
(ycunenue, (uiabTpanuio, OrpaHUYEHUE, IEMOAYJALMIO, pEreHepanui U T. 1.),
KoTopele mnpousBogsaTcs B PIIY nans BbaeneHus U3 CurHaja 3ajl0KEHHON B HeEM
uH(popMaIum.
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Puc. 1. Ilpumepvr cmpykmypHolx cxem.

B cocTaB ycHIMTENBHOIO TPAKTa MOTYT BXOAWUTH BCIIOMOTATENIbHBIE Y3JIbI —
cuctema APY, orpanuuutens, JorapuMUUECKUd YCUIUTENb U T. 1., BIUSIONIUE Ha
aAMIUTUTYIHYIO XapaKTEepPUCTHUKY YCUJIMTEIBHOIO TPAKTa, HO HE BHOCAILNE NCKAKEHNUN
B IIPUHUMAEMYI0 HH(OpMAITHIO.

Nudopmarmonnsiii Tpakt (UT) mpou3BOIUT OCHOBHYIO OOpaOOTKY CHUTHAA.
OH BKJIIOYAET ONTHUMAJIBHBIA (PUIBTP, B 3HAYUTEIILHOM CTENEHH OMNPECISIOUIUI
IIOMEXOYCTONYMBOCTD ITIPUEMHOTIO YCTPOUCTBA, IEMOAYIATOP CUTHANA, & TAKXKE LEMH
MOEJIEIETEKTOPHOH 00pabO0TKH ((PUIBTP HUKHEN YACTOTHI, pereHepaTop Kojia U T. I1.).
B cocraB nH()OpPMAIIMOHHOTO TpakTa MOTYT TAKkKe BXOJUTh BCIIOMOTaTENIbHbIE Y3JIbI
— CJeAsue CUCTEMbI aBTOMATUYECKOU moacTpoiiku ¢asbl min 4actoTsl (DAIT nin
YAIIl), yayumaroomue KadecTBO padOThl JEMOAYJIATOpa CHUTHajga, a TaKkke
OCYIIECTBIISAIOLIUE IOUCK U COTPOBOXKJIEHUE CUTHAA 10 YacToTe, (ase, 3aepiKKe.

Cunrezarop yactorT (CY) wnam reTepoAMHHBIA TPAKT MpeoOpaszyeT YacToTy

BHEIITHETO WJIM COOCTBEHHOTO OMOPHOTO reHeparopa M (HOpPMHPYET M3 HETO CETKU
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4acTOT, HEOOXOoAMMbIC i paboThl mpeoOpaszoBareneit yactorel YT. CuHTEe3aTop
MO3BOJISIET IE€pPECTpPauBaTh MPUEMHOE YCTPOWCTBO HA APYTYIO BXOAHYIO YacTOTY.
OTnenbHBIE CUHTE3aTOPbl MOTYT BXOIWUTh B COCTaB ciendmux cuctem. Kpome toro,
CHUHTE3aTOp MOXET (OPMHPOBATH CETKU 4YaCTOT, HEOOXOAMMBIE MJig pPabOoThI
U (POBBIX YCTPOHUCTB 00PAOOTKHU CUTHAJIA.

YerpoiicTBo ympasienuss U oroopaxkenus (YYO) peanuzyeT B aBTOHOMHOM
peXUME 3aJaHHBIA aIroput™M pabOThl NPUEMHOTO YCTPOMCTBA (BKJIIOYEHHE U
BBIKJIIOYEHHUE, MOMCK M BHIOOpP CHUTHAJNA, aJalTaldi0 K MEHSIOIMUMCS YCIOBHUSIM
paboTHI U T. 11.), HO3BOJISIET ONEPATOPy BPYUHYIO YIPABIATh IPUEMHBIM YCTPOHCTBOM
U TMPOU3BOIUT OTOOpaKEHHE COCTOSHUS M KadecTBa pabOThl yCTpoOMcTBa Ha
COOTBETCTBYIOLIUX MHJIUKATOPAX.

Hakonen, BropuuHblii uctounuk nutanus (BUII) npennasHauen miis
npeoOpa3oBaHusl YPHEPTUU MMEPBUYHOTO UCTOUHUKA (ceTh 220 B wm 6opT-ceth 27 B)
B (hopMy, yIOOHYIO JIJIsl UCIIONBb30BAHUS HEMOCPEICTBEHHO B MIPUEMHOM YCTPONCTBE
(mpeoOpa3oBaHue HANPSHKEHUS, BHITPSIMIICHUE, (PUIIBTpaLvs, CTaOUIN3aus U T. I1.).

Ecoim mnepentm Ha CcloeAyroUnMid ypOBEHb HEPApXHH, TO, HaIpUMED,
CTPYKTYPHYIO CXEMY JIMHEMHOIO TPakTa MOXHO M300pa3uTh B BUIE COBOKYITHOCTH
TUIOBBIX (DYHKIIMOHAJIBHBIX Y3JI0B — YCWIHTENEH, IpeoOpa3oBaresell 4acTOThl,
ycrporictea APY u T. 1. (puc. 1, 0).

Hakoner, kaxablii TUTIOBON (DyHKIIMOHATIBHBIN Y3€JI MOXET ObITh MPEACTaBICH
COEIMHEHUEM HECKOJIBKUX OIEpallMOHHBIX 3BCHBEB (MeMeHTapHbIX
(YHKIMOHANBHBIX y3710B — puc. 1, B). OnepallnoHHOE 3BE€HO — 3TO YCTPOWCTBO,
IIPOU3BOJAILIEE HAJ NIEKTPUUYECKUMHU CHUTHAJaMU OIEPALMI0, COOTBETCTBYIOILYIO
OOHOM WM HECKOJbKUM alreOpauyeckuM oIepanusM — YMHOXEHHE Ha
NOCTOSIHHBIA KO3 uuueHT (yCcuieHue), MEepeMHOKEHUE JIByX  CHUTHAJIOB,
WHTErpUpoOBaHue U T. 1. [Ipumepamu onepauoOHHBIX 3BEHBEB SIBIISIOTCS OTAEIIbHBIN
KacKaJ] IUPOKOTIOJIOCHOTO YCUIIUTENS, YaCTOTHBIA (MUIBTP, HHBEPTOP, AHATOTOBBIN
NEPEMHOXHUTENb CUTHAJIOB U T. II.

B nmnponecce cuHre3a (¢yHKuMOHaNbHBIX Yy310B PIIY wacto peanbHOe
ONEpPALlMOHHOE 3BEHO 3aMEHSETCA €ro MJICabHBIM aHaJIOrOM — YCTPOWCTBOM,
napamMeTpbl KOTOPOro HE€ 3aBUCAT OT MCTOYHMKA CUTHaJIa M Harpy3kd, a
(GYHKIMOHUPOBAHUE OIMMUCHIBAETCS alreOpanvyeckuMm BhIpaxkeHuem (puc. 1, B). D10
NO3BOJISIET CUHTE3UPOBATh CTPYKTYpPY THUIOBBIX (DYHKIIMOHAIbHBIX Y3JI0B U OJOKOB,
HE MpUBA3BIBasCh K IapamerpaM KoHKpeTHbix MC, a B panpHeWmeM, yyTs 3TH
napameTpbl, MEepPerTH K pealbHOM ONTUMHU3HPOBAHHON CTpyKType mnpubopa. Uem
Omke OyayT XapaKTepUCTHKH peajbHOM MHKPOCXEMbl U UACATBHOTO 3BEHA, TEM
Jy4lle OKaKYTCs MapaMeTpsl y3J1a WK OJIoKa.

MoXHO mOKa3arh, 4YTO JUIsl IMOCTPOEHHUS BCEX OINEPALMOHHBIX 3BEHHEB B
aHAJIOrOBOM TEXHUKE (IIPM M3BECTHOM YACTOTHOM OIPAaHUYEHUH) JOCTATOYHO
MCIIOJIb30BATh JIBA 3B€HA — YCUJIUTENIb C MHBEPTUPOBAHUEM BBIXOJIHOTO CUTHANIA U
NEPEMHOXKUTENb CUTHANOB. J{JI1 MpuaHusl 3TUM 3BEHbSIM CBOMCTB JAPYTIHX 3BEHBEB K
HUM COOTBETCTBYIOIIMM OOpa3oM MOJKIIOYAIOTCS JIMHEHHBIE JIByXIOTIOCHUKH —
aKTUBHbBIE WM PEAKTUBHbBIE COMPOTHUBICHUS. sl peanu3auuu pa3pbIBHBIX (YHKIUN
(orpaHMueHUs CUTHaNAa) HEOOXOIUM-TAKXKE HEIMHEWHBIA JABYXIOJIOCHUK —
uacanbHeld auoA. llepeuncrneHHas COBOKYIHOCTBh JBYX OIEPAllMOHHBIX 3BEHBEB B
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COYETAHUU C JIMHEWHBIM U HEJIMHEHHBIM JIBYXITOIFOCHUKAMU 00pa3yeT MUHUMATIbHYO
(GYHKIIMOHAIBHO TIOMHYI0 CHCTEMY AaHAJIOTOBBIX 3BEHBEB, HA KOTOPHIX MOXKHO
peanu3oBarh (B HWIACATBHOM cCliydae) BCe (DyHKIIMOHAIBHBIC Y3JIBI TMPUEMHBIX
ycTpoiicTB. Bo3aMoxkeH W Jpyroil coctaB (yHKIIMOHAJIBHO TMOJHOW CHUCTEMBI. B
Ka4eCTBE (PU3MYECKUX aHAJIOTOB OICPAIMOHHBIX 3BEHHEB HCIOIB3YIOTCS OOBIYHO
yHuBepcanbHbie VIC, B 4aCTHOCTH, JJIA JIByX MCXOAHBIX 3BCHHEB — OIEPAITMOHHBIN
YCHJIMTEIb U aHAJIOTOBBINA MTEPEMHOKUTETb.

B mudpoBoii TexHNKe MUHIMAIIBHYIO (DYHKIIMOHAJILHO TIOJHYIO CUCTEMY 00pa3yroT
JIOTUYECKHUE CXEMbI, TPOU3BOIAIIME TPOCTEHIIINE OTIEPAIMA MATEMATUYECKOM JIOTUKH
— onepanuu koHbtoHKIMU (M), nuzsronkuuu (MJIN) u nuasepcuu (HE).

OO01mmue cBeIeHUsI O PAAHONPHUEMHBIX YCTPOHCTBAX.

PagunonpuemHoe yCTpOWCTBO TpETHA3HAYEHO [UIsi TMpUeMa KaKUX-TU0O
COOOIICHHI WU CUTHAJIOB, MOCTYMAONINX K HEMY B BUE PaaroBONH. OHO COCTOUT
U3 MPUEMHOM aHTCHHBI, TPUEMHUKA U OKOHEYHOTO TTpHoOOpa.

[IpuemHass aHTEHHa W3BJICKACT W3 OKPYKAIOIIETO MPOCTPAHCTBA OYEHBb
HEOOJBIIYI0 4YacTh DSHEPTHUU MPOXOAAIIMX pPAJAOBOJIH ¥ HaMpaBIsIeT €€ B
paMONIPUEMHUK.

B nmpuemMHUKE OCYIIECTBISCTCS BBIJACICHHE IIOJIC3HBIX KOJICOAHWH W
npeoOpa3oBaHUE WX K TAKOMY BHIY, KOTOPBIA HEOOXOIUM JJisi paboThl OKOHEYHOTO
npuodopa.

[Ipy moMOIIM OKOHEYHOTO MPUOOpa BOCIHPOU3BOIUTCS, PETHCTPUPYETCS HIIH
WHBIM CIIOCOOOM HCHOJb3yeTcsl MpuHsATas WHbopMmanus. B kadecTBe OKOHEUHBIX
npuOOpPOB TMPUMEHSIOT AaKyCTHYECKHWE WM DJIEKTPOHHO-TYUYEBhIE YCTPOWCTBA,
OykBore4araroue, (GoToneuaTaonye U MUIIyIIe anmnaparbl, a TAaKKe MEXaHU3MBbI
YOPABICHUS PA3IMYHBIX aBTOMAaTHUYECKUX W
CUETHO-PEIIAIOUTNX CUCTEM. -

Nudopmarmss Ha BXone MNPUEMHHUKA o ——— -———
3aKJII0Y4EHA B MOJYJIMPOBAHHBIX KOJIECOAHUAX i E
BBICOKOH YaCcTOTBI. Ux Ha3bIBAIOT 1 BU 1 A e
BLICOKOYACTOTHBIMU cUrHajamMu. Tonbko oxuH { {

U3 HHUX IOJIE3HBIA. DTO TOT CUTHAJ, KOTODPBIH i _lpuemtur |

MPUHUMAETCS TPUEMHUKOM B JTAHHBI MOMEHT.
[Io OTHOLIEHHIO K HEMY BCE OCTaJlbHbIC
CUTHAJIBI SIBJISIFOTCS] TOMEXAMH.

[IpuHMMaembIi BBICOKOYACTOTHBIN
CUTHAJI MOXET OBITh MOAYJIMPOBAHHBIM IO aMIUIUTYHE, yacToTe win ¢asze. MHorue
PaIUOJIOKAIIMOHHBIE ~ MPUEMHHUKHA  MNPUHUMAIOT  UMITYJIbCHO-MOIAYJIUPOBAHHBIC
KoJieOaHus (palMOUMITYIIbCHI).

[Tocne 3HAYUTENBHOTO YCUJICHUSI M30UPATENbHBIMU YCUIUTEISIMUA TPUHSATHIC
BBICOKOUACTOTHBIE KOJeOaHUsl JETEKTUPYIOTCSI. B pesynbTare IeTEKTUPOBAHUS
MOJIy4aloTCsl HU3KOYACTOTHBIE CUTHaNbl. VIMEHHO OHU W SBJISIIOTCS HOCHUTEISIMU
noyie3HoM wuHOpMaIMK, TaK Kak CHOCOOHBI MPHUBECTH B JICUCTBHE OKOHEYHBIM
npubop. Ho s sToro HuU3KOoYacTOTHbIE (MH(POPMAIMOHHBIE) CUTHANBI JOJKHBI
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Puc. 2. Cmpykmypnas cxema npocmozo
0emeKmopHO20 NPUEMHUKA.



MMETh OIPEACICHHYI0 MOIIHOCTh WM HampspkeHue. [loaToMy B mpHEMHUKE MOciie
JIETEKTOpa OOBIYHO UMEETCS YCUITUTEh HU3KOW YaCTOTHI MJIH BHICOYCUITUTEIb.

bonee  mompoOHO  MOCIEAOBATENHHOCTH  MPOIECCOB B NMPUEMHUKE
paccMaTpuBaeTCsl IPUMEHUTENIBHO K €r0 KOHKPETHOU CXeMeE.

Hecmotps Ha Gonpiioe pazHooOpazue NPUEMHUKOB, MOXKHO BBIIEITUTH BCETrO
HECKOJILKO BAPUAHTOB TUIIOBBIX CTPYKTYPHBIX CXEM.
Ha puc. 2 uzoOpaxeHa CTpyKTypHash CXemMa CaMOro MpocToro mnpuemHuka. OH
Ha3bIBACTCA JICTEKTOPHBIM. B 3TOM NpueMHHKEe BCEro JiBa 3eMeHTa. BxomHas 1emnb
(BLI) mpencraBiasier coOOd OMWHOUYHBIA KOJIeOATENBHBIM KOHTYp. 3a CYET ero
PE30HAHCHBIX CBOMCTB MPOMUCXOJAT BBIJEICHUE MPUHUMAEMBIX BBICOKOYACTOTHBIX
KoJICOAaHWM W 3HAYMTENIBPHOE IOAaBIcHUE MoMeX. JlaHHBIA TpolecC Ha3bIBASTCS
YaCTOTHOM H30MpATENbHOCTBIO. 3aTeM BBIJICJICHHBIE KOJICOAHUSI JIETEKTHUPYIOTCA.
CoznaHHBI HU3KOYACTOTHBIA (MH(POPMAIMOHHBIA) CHUTHAT MPHUBOIUT B JCHCTBUE
OKOHEYHBIH mpuOop. YemenrHas paboTa JeTEKTOPHOTO MPUEMHHKA BO3MOXHA TOJIBKO
MIPU OTHOCUTEIBHO OOJIBIION MOIIIHOCTH MPUHUMAEMBIX CUTHAIOB. Ero 10CTOMHCTBO
3aKJII0YAETCS B OTCYTCTBUU MUCTOUHUKOB MUTAHUS.
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Puc. 3. Cmpykmypnas cxema 0emekmopHO20 NPUEMHUKA C 8UOE0YCUTUMELEM.

Ha puc. 3 npuBeneHa ycClIOXKHEHHass CXema JETEKTOPHOTO IPUEMHHKA
CIEIUAIbHOTO Ha3HayeHus. B Hem mocie [aeTekTopa HMMEETCs MHOTOKACKaJIHbIN
BUjieoycrinTelb. Clie10BaTeIbHO, JAaHHBIM MPUEMHUK MpEIHA3HAUYCH Il MpueMa
UMITYJIbCHBIX ~ CUTHaJoOB. Takue TPUEMHUKH TPUMEHSIOTCI B HEKOTOPBIX
PaMOJIOKAIIMOHHBIX CUCTEMax (HalpuMep, Masikax).

Ha puc. 4 mokazana oObl4Hasi cxeMa NpPUEMHUKA MNpsMoro ycuieHus. OH
OTJIMYACTCS OT JETEKTOPHOTO MPUEMHHKA HAJIMYHUEM YCUIIUTEIS BRICOKOW 4acTOThl. B
OonpiuHCTBE ciiydaeB Y BU mmeeT ouH WM JBa pe30HAHCHBIX KacKaja Ha JlaMIlax
niu TpaHsucropax. [Ipu umcie kackagoB 0oJjiee ABYX YCHJIUTEIb BBICOKOW YaCTOTHI
pabotaer HeycroitunBo. OH 007a7aeT CKJIOHHOCTBIO K caMOBO30yxaeHuro. M3-3a
Takol omacHocTH YBY He MoXeT mMeTh OO0ibIno Kod(pHUIHMeHTa YCHIICHHUS.
OTtpunarensHoii ocobeHHOCTRI0O YBY sBIISICTCS 3aBHCHMOCTBH €ro IOKa3aTeieii oT
YaCTOTHI YCHJIMBAEMBIX KOJICOaHMH. YCUITUTENh HU3KON YaCTOTHI COACPKUT OUH WA
nBa kackaga. OHU BBIMOJHSAIOTCS Ha JIaMraxX WM TpaH3uctopax. M30uparenbHbIMU
ceoiictBamu YHY He oOnanaer.
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Puc. 4 CrpykrypHas cxema NpHEMHHKA IPSMOTO
yCHIeNNs
Ha puc. 5 wuzobpaxeHa cynepreTepoArHHas cxema paJaroI0KaIMOHHOTO
npueMHuka. Ee TUMMYHOW OCOOEHHOCTBIO SIBISIETCS HAlIMYUE MpeoOpa3oBaress
yacTtoThl (ITH) u ycunutens npomexyrounoit yactotsl (YIIH). OcTanbHbie 21eMEHTHI
Takhe ke, KaKk W B MPUEMHUKaX MpsMoro ycwieHus. [IpeoOpazoBarensr 4acTOTHI
coctout u3 cmecutens (C) u rerepoauna (I).
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Puc. 5 Crpykrypnas cxema CYNepreTepoAMHHOTO INpHUEMHHKA
MMITYJIbCHBIX CUTHAJIOB

CymnepreTepoariHHas cxeMa MPUEMHHUKA SIBISIETCSl HanboJiee COBEPIICHHOW U
HamOonee pacrnpoctpaHeHHou. [ToaToMy nosicanM ee Gosee moapoOHO.

1) BxonHas uenp ciy>KUT NEePEXOIHBIM 3B€HOM OT IPUEMHOM aHTEHHBI K BXOY
MEpBOr0 yCWJIMTEIIBHOTO Kackaja. Ee Ha3HaueHWe MOXHO paccMarpuBarh C
pPa3JIUUHBIX TOYEK 3peHus. Bblie ObUIO OTMEUEHO, YTO BCIIECACTBUE PE30OHAHCHBIX
CBOMCTB K0JI€0ATE€IbHOTO KOHTYpa BXOJIHAs IEMb OCYIIECTBISET MPEeABAPUTEILHYIO
YaCTOTHYIO M30MPaTEIbHOCTh TOJIE3HBIX BBICOKOUACTOTHBIX KosieOaHuii. K stomy
MOXXHO J00aBUTh, YTO BXOJHas II€Nb OOECIEUMBACT COITIACOBAHHWE BOJIHOBOIO
COTPOTHUBIICHUSI AaHTEHHOTO (GUIEpa ¢ BXOAHBIM CONPOTUBICHUEM MpPUEMHHKA. Tem
CaMbIM JIOCTUTAETCSl BO3MOXHO OOJIbIIIee MPEBBIINICHUE HAMPSHKCHHsS] CUTHAIa Ha
YPOBHEM IOMEX U 1IyMOB. [10€3HO TakKe OTMETHUTh, UTO BXOAHAS LIEMb YIPABISAET
paboToOil TMEpBOrO YCHUIUTEIBHOTO KacKaJa 3a CUeT OJHEPruu, NPUHITOH U3
OKPY’KalOIIEro MNpoCTPaHCTBA. MOIIHOCTh MOJE3HOTO CUTHajla BXOAHAs LEMb HE
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YBEJIIMYUBACT.

2) Ycwiurtens BBICOKOW YacTOThI B CyNEPreTepOAMHHOM IMPUEMHUKE €CTh HE
BCETIIa, MIOATOMY OH M300pakeH myHkTupoM. OxHako vame YBY nMeercs u 0ObI9HO
COCTOMT M3 OJIHOIO Kackajga. B 3TOM u30MparenbHOM YCUIIUTENE MPOUCXOAUT
IPEUMYILIECTBEHHOE YCHJIEHHWE KOJeOaHW MOJE3HOr0 BBICOKOYACTOTHOI'O CHUTHAA.
OnHo u3 miaBHbIX TpeOoBaHuili k YBY paanonokalmiOHHOrO MpUEMHUKA COCTOUT B
JOCTVMKEHUH MaJIOTO YPOBHSI BHYTPEHHHUX IIYMOB. COBOKYITHOCTh BXOJHOM LIEMU U
YBY B n1000M CyneprerepoJuHHOM MPUEMHUKE Ha3bIBAIOT MPECETEKTOPOM.
[IpecenexkTop OCYHIECTBISICT MPEABAPUTENBHO CENEKIHI0 (M30UpaTeIbHOCTD)
IIPUHUMAEMBIX CUTHAJIOB.

3) IIpeobOpa3oBarenb 4acTOTbl COCTOMT M3 CMecuTels W rerepoauHa. OH
OCYIIECTBIISIET  NpeoOpa3oBaHME  CUTHAJa  BBICOKOM  4YacTOThl B CUTHAN
MIPOMEXKYTOUHOM 4YacTOThl. IIpomexyTouHass yacTora HUKE HECYIIEM 4YacTOThI
MIPUHUMAEMOI0 CHUTHajla, HO BBIIIE OCHOBHBIX YacTOT MOAYISUMH. BaxHou
OCOOCHHOCTBIO TMPOMEXKYTOYHOM YacCTOTHI SIBIISETCS €€ IMOCTOSHCTBO NIPH J0OOMU
HAaCTPOMKE NpUEMHHKA. [loCTUTraeTcs 3T0O OJHOBPEMEHHOW NEPECTPOMKON KOHTYPOB
BXOJIHOM 1enu, Y BY u rereponuna.

['ereponun mnpexacraBisieT co0Oil  aBTOKONEOATENbHBIN TEeHEepaTop Majou
MOIIHOCTU. OH CO3/[a€T HENpEePbIBHbIE CUHYCOUJATIbHBIE KOJIEOAHUS BBICOKOU
4acCTOTHI, KOTOpas HECKOJBKO OTIMYAETCS OT HECYILIEW YacTOThl NPUHUMAEMOTO
curHana. Konebanusi rerepouHa MOCTYMAIOT B CMECUTENb M CMEIIUBAIOTCS TaM C
KOJIeOaHUSIMU CUTHAJIA.

B pesynbrare cMemmBaHus AByX KoJieOaHWI pa3HbIX 4acTOT 00Opa3yloTCs Tak
Ha3bpiBaeMble Ouenus. Yacrora OueHUH paBHAa pPa3HOCTM YACTOT CHUTHalIa U
rerepoanHa. PesynbTupytoiee ciokHOe KojlieOaHHE NETEKTHPYETCS B CMECUTENe U
NO3TOMY Ha BBIXOJE €ro IOJY4YaeTCs CHUTHal PAa3HOCTHOW (IMPOMEXKYTOUYHON)
YaCTOTBI.

4)  Ycwiutenb  OPOMEXKYTOUHOM  4YacTOThl. IJTO  MHOTOKACKaJIHBIN
n30uparenbHbll ycuwinuteab. OH BBINOJHSAETCA Ha MEHTONAX WJIM TpPaH3UCTOpax.
OmnuuntenbHo ocobeHHOCThIO YIIU  sBisieTcs MOCTOSIHHAsE HAcTpoOMKa €ro
KOHTYpoB. OHM HacTpauBarOTCsl OJUH pa3 (Ha 3aBOJIE) U B IpoOLIECCEe IKCILUTyaTaluu
IIPUEMHHKA HE MTEPECTPANBAIOTCS.

[TocTrosiHHas HacTpoiika KOHTypoB YIIU mo3BoigeT MMETh B HEM MHOTO
KacKa/loB, HE CKIOHHBIX K camMoBO30yxIeHuto 10 12 u Oonee. TexuHuueckue
nokazarenn YIIY He 3aBUCAT OT HACTPOMKM NPUEMHHUKA, T. €. OT HACTPOUKH
KOHTYPOB BXOJIHOM 1enu u YBY.

5) JleTekTop PaANOIOKALIMOHHOTO MPUEMHUKA OCYILIECTBIISIET
npeoOpa3oBaHUE PAJUOUMITYIBCOB MPOMEKYTOUYHONW YaCTOTHI B BUACOUMITYIIbCHI.

6) Buaeoycwnurenb  yBEJIMYMBAET  aMIUIUTYAy HMIYJIbCOB  J0
BEJTMYMHBI, 00€CIIEUNBAIOIIEH HOPMAIIbHYIO pa00Ty MHANKATOPA.

PaccmoTpeHHast CTpyKTypHash CXeMa paJauoJIOKAIMOHHOTO MPUEMHHUKA
apisieTcss  HemosHoW. OOBIYHO B peallbHOM TMPUEMHHUKE HMEIOTCS  ele
aBTOMAaTU4yeCcKue CcHUcTeMbl. Haumbonee dYacTo K HUM OTHOCATCS CHUCTEMa
aBTOMaTu4eckoi perynupoBku ycwienus (APY) u cucrema aBromaruueckoin
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nofiIcTpoiiku 4actoThl retepoanna (AITY). o BxomHO# 1enu OOBIYHO BKIIFOYAETCS
pa3psIHUK 3alUThl NpueMHUKa. [IpueMHUK HEOOXOAMMO 3alluiiaTh OT MOIIHOTO
30HAUPYIOLLEr0 PAIHOUMITYJIbCA MTEPEIATUHKA.

Ha puc. 6 mpuBeneHa CTpyKTypHas cxema CylepreTepoAMHHOIO IPUEMHHKA
cBsi3u. Ee o0liee nmocrpoeHue He omIMyYaeTcs OT npeapiayuieil cxemol. [lokazanHble
Ha HEll BpeMEeHHbIE rpauKH TOCTATOYHO HAIVISAHO MOSICHSAIOT OCHOBHBIE MPOLECCHI.

LF? e fop=fc—fr Fuod Fuod
1= 2 .'caz:zlcaév’q—---n--q--—w 1:4 kackada 1:2 rfacm:rﬂalt rcacmfa
L j5 YHHY bl YUMHY e
L —
Uny F pod
i ’

Puc. 6 Crpyktypnas cxeMa CyNepreTepORHHHOTO MPHEMHHKA CBSI3H

CrnennduieckuM HETOCTATKOM JIIOOOTO CYIMEepreTepoJuHHOTO TPUEMHHKA
ABJISIETCS.  BEPOSTHOCTh  HEXKEJIATCIBbHOTO BO3JACHCTBHS Ha €ro paboTy
3epKAJIbHOM MOMEXH. IJTOW IIOMEXOM Ha3bIBalOT TaKHE BBICOKOYACTOTHBIE
MEIIIAIOIINE CUTHAJIBI, KOTOpbIC, CKJIaJbIBasICh Ha BXOJI€ CMECHUTEIS C
KOJICOAaHUSIMU TeTepoArHa, 00pa3yroT OHEHMs] C TMPOMEKYTOYHOM YacTOTOU
MIpUEMHHUKA. L

Ecau fc <f_p, TO 4acToTa 3epKaNbHOM NOMEXH [ 1 ~= fr 4 frp.

Ecin fc>fr, TO fa.r;:fr“‘fnpc

CxazanHoe mosicHsaeTcsl puc. 7. VI3 HEro BUAHO, YTO MO OTHOIICHUIO K
4acTOTE TETEPOAMHA 3€PKAIbHAS MOMEXAa W TOJE3HbIM CUTHAJl CUMMETPUYHBI.
[ToaTOMY 3€pKaIbHYIO0 IOMEXY MHOT/A HA3bIBAlOT CHMMETPUYHOMN TOMEXOM.



a
fop| fop
Fsn fr £ f

Puc. 7 Yaerorh noJesHoro cHrHana, rere-
POANHA H 3epKaJbHON NMOMEXH:

Q - YacToTra TeTepOAHEa BHILE UYACTOILI CHIHana;
6 — uacTota TeT€pOJAUHA HMIKe YacTorbl CHIHANA

Jlnst ycTpaHeHus pueMa 3epKajibHOTO CUTHania TpeOyeTcsl He JOMYCTUTh
ero 0 mpeoOpa3oBareisl YacTOThl. DTy 3a/ady JOJKEH YCIEIIHO BBIMOIHSTH
IIPECETIEKTOP, T. €. BXOAHAA LeNb npueMHuKa u Y BU.

Memiatonue curHaibl «COCEAHE» CTaHIMM (T. €. OJU3KUE MO YacToTe K
MOJIC3BHOMY  CUTHAlly) YCTpaHSIIOTCA mpeumyiiectBeHHo B YIIU. B
MPECETIEKTOPE OHU TOJBKO CJIETKA OCIA0JAIOTCS.

Kpome  OOBIUHBIX  CynepreTepoAMHHBIX  NPHUEMHUKOB  MNPUMEHSIIOTCS
NPUEMHUKH C JIBOMHBIM, @ MHKHA Ja U C TPOWHBIM NPEeoOpa30BaAHHUEM YaCTOTHI.
Bo3MokHBI TaK¥XKeE IMPUECMHUKHA TreTCpOAHHLIC, PErcHCpPaTnuBHLIC u
cBepXpereHeparuBHble. Yalne BCEro OHM HMEIOT Y3KOCIEUHATbHOE Ha3HAYEHHE.

OCHOBHBbIE NOKA3ATeJIN IPHEMHHUKA.

PaguonpueMHUK  XapakTepHu3yeTcs  ONPEACICHHBIMU  Kauy€CTBEHHBIMU
MOKa3aTeIIsIMHU.

1) YyBCTBUTENIBHOCTb XapaKTEPHU3yeT CIOCOOHOCTh NPHUEMHHKA YCHEIIHO
NPUHUMATh CJIa0bIe CUTHAJIBI.

UyBCTBUTENBHOCTBIO TIPUEMHUKA HAa3bIBA€TCS HAWMEHbBIIAs  BEJIMYMHA
IIOJIE3HOTO CHUTHAaja B NPUEMHONW AaHTEHHE, CHOCOOHas 00eclneYuTbh HOPMAJIbHYIO
paboTy OKOHEYHOro MpuoOopa. YCIOBUS HOPMAJIbHOM pabOThI OKOHEUHOTO Mpudopa
CIELUATBHO OrOBAPUBAOTCS.

N3MepATh 4yBCTBUTEIBHOCTh MOXKHO MO HAINPSKEHUIO (B MUKPOBOJIBTAX), IO
MOIIIHOCTH (B MHKPOBATTaX) WM IO HAIIPSHKEHHOCTH IOJII CUTHAJIA B MECTE IpUeMa
(B MWUIMBOJBTaX Ha METp). UyBCTBUTEIBHOCTH IO HANPSIKEHUIO ONPENESAIOT Y
IPUEMHUKOB JJIMHHBIX, CPEHUX U KOPOTKUX BOJIH. B auanazone YKB (ocoOeHHO Ha
CAHTUMETPOBBIX BOJHAX) €€ OOBIYHO HU3MEPSIOT MO0 MOUHOCTU. W3mepeHue
YYBCTBUTEJIBHOCTH IO HANPSOKEHHOCTH TMOJSI XapaKTepHO JJs MNPUEMHHKOB C
MarHuTHO! (peppuToBOii) aHTEHHOU. UyBCTBUTEIBHOCTh IPUEMHHUKA 3aBUCUT OT €r0



K03 duIMeHTa yCUICHUS] U BHYTPEHHUX IIIyMOB.

Koaddutment ycunennst npueMHUKA U3MEPSIOT MPU €ro TOYHOW HACTPONKE Ha
4acTOTy NpPHUHHMAeMbIX KojeOaHuil. IIpu paccTpoiike NMpuEeMHHKA €ro yCHJIEHUE U
YyBCTBUTEIBHOCTD ITOHMUKAIOTCS.

BenmnunHa BHYTPEHHMX IIYMOB IIPUEMHHMKAa B OCHOBHOM OIIPENEISAETCS
CUTHAJIBHBIM TpakToM. K 3TOMy TpakTy (MM 4acTH MPUEMHHUKA) OTHOCATCS BXOAHAsS
uenb, YBY u npeoOpazoBarenb 4acTOThl. YPOBEHb IIYMOB Ha BBIXOAE MPUEMHHKA
TaKX€E 3aBUCUT OT MOJOCKI npornyckanus YIIY.

Ha npaktuke u3MepeHue YyBCTBUTEIBHOCTH IPOU3BOJAUTCS IIYyTEM IOAAYU
UCIBITaTEIbHOTO CUTHAJa HAa BXOJ MPHEMHUKA 4YEpe3 SKBUBAJICHT AHTCHHBI.
HcnblTarenbHbli CUTHAJ MOJIyYaeTCs OT U3MEPUTENIBHOro reneparopa. OH JI0JKEH
ObITh CHHYCOUJAJBHBIM, HENPEPHIBHBIM M UMETh HOpMallbHYI0 Moayisiuuio. Eciu
OHa aMIUIUTyJgHas, TO IIyOumHa ee cooTBeTcTByeT m=0,3, a yacTtoTa MOAYJISALUU
F=400 ri (i 1000 ru). Ecnu onpenensieTcss 4yBCTBUTENBHOCTh IpueMHUKa UM
CUTHAJIOB, TO JIEBUALMS YACTOTHI UCIIBITATEILHOTO CUTHaIa 00bIYHO cocTaBisieT 30%
MAaKCUMAaJbHO JOITYy CTUMOM.

2) W30OuparenbHOCTh (CEIEKTUBHOCTh) TMPUEMHHUKA XapaKTepU3yeT €ro
CIOCOOHOCTh OTAENATH MOJE3HBIA BBICOKOYACTOTHBIM CUTHAJ OT BCEX MEIIAIOIINX
CUTHAJIOB (T. €. TIOME€X), KOTOphl€ BO3HUKAIOT B NMpHEeMHON aHTeHHe. Ha mpaxTuke
HamOoJIee OMaCHbI TOMEXa OT COCEAHEN CTAHIIMK U 3epKajibHas ToMexa.

N30uparenbHOCTh 1O COCEIHEMY KaHaly OO0ecleurBaeTcsl yCHIMTENIEM
MPOMEXYTOUHOM  4acToThl.  M30uparenbHOCTh 1O  3€pKAJIbHOMY  KaHally
00ecreunBaeTcs MPeCcereKTOPOM.

®duznyeckass  CyTh  YaCTOTHOM  WM30UpATENIbHOCTH  3aKJIIOYaeTcs B
NPEUMYIIECTBEHHOM (M30MpaTelbHOM) YCHUJICHHM TIOJIE3HOTO CHUTHaja. Takoe
YCUJICHHME  TOJYy4YaeTcs 3a CYET  HCIOJb30BAHUS  PE30HAHCHBIX  CBONCTB
KOJIe0aTeIbHBIX KOHTYPOB.

KonmnuecTBeHHass oneHKa W30MpATENbHOCTH MPUEMHUKA B LIEJIOM WIH €ro
OTJEJIbHBIX YaCTEH OCYLIECTBISAETCA MPH MOMOIIU KO3 puuumeHTa n30upareabHOCTH
1 K03 (HUIMEHTOB NPSIMOYTOJIbHOCTH YaCTOTHOM XapakTepucTUKU. [Ipubnu3urensHo
00 n30MpaTesbHOCTH MPUEMHUKA MOXKHO CYMTD 10 €r0 MOJ0CE MPOITyCKaAHUS.

Koaddunment YaCTOTHOM n30MpaTeabHOCTH IIPUEMHHKA paBeH
OTHOCUTEIBHOMY OCJIA0JICHUIO €r0 YyBCTBUTEIBLHOCTH TPHU 3aJaHHOU paccTpoike,
YTO PABHOILICHHO OCIAa0JIEHUIO MOMEXU B TAKOE e YUCIIO Pas.

Benuuuna paccTpoiiku, BeIOMpaeMoi Juisi onpeesieHus] n30UparebHOCTH 110
COCEIHEMY KaHajly, 3aBUCHUT OT Ha3HAYEHUs IIPUEMHMKA, €ro Juana3oHa, BHJA
MOAYJISIIUM W JIPYTUX MNPUYUH. Y CBS3HBIX U PaJUOBELIATEIbHBIX MPHUEMHUKOB
JUIMHHBIX, CPEJHUX M KOPOTKMX BOJH H30MpaTeNbHOCTh IO COCEAHEMY KaHally
onpenessor ans pacerpoiiku Af=10 xay.

N30upatenbHOCTh N0 3€pKaJbHOMY KaHajly y BCEX MPUEMHUKOB ONpeesieTcs
JUISL PacCTPOUKHU Af =2 f npy » T. €. PABHOM yJIBOCHHOM IPOMEKYTOUYHOM YaCTOTE.

C HeOONbIION TOYHOCTBIO ONpe/ieTIeHuEe U30UPATENbHOCTH TPUEMHUKA MOKHO
OCYIIECTBIIATh IO €r0 YaCTOTHOM XapakTrepucTtuke. IIpumep BO3MOXKHON 4aCTOTHOU
XapaKTEPUCTUKHU IPUEMHUKA IPUBEAECHUS pUC. 8.

[To BepTUKAJIIBHOW OCH TAHHOTO PUCYHKA OTJIIOAKEHO OTHOCHUTEIBHOE YCUIICHUE:
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K
K (1.1)
rne  Ko— ko3 QUIHEHT yCRIACHMS HA pe30HaHCHOH yacroTe, T. €.
npu Af=0; :
K— Kos(pdHiMenT yCHJIEGHHS Ha NpPOHM3BOJIbIION uacToTe, T. e.
Ipy pa3juuHoH BenuukHe Af

“af | af U pp | +AF
Puc. 8  Tlpumep uacTOTHOH (pe30HAHCHOI)
XapaKTEPHCTHKH NpHEMHUKA

Ecnu, Hanpumep, 4acToTa MOMEXHU OTAUYAETCS OT YACTOTHI MOJIE3HOTO CUTHAJa
Ha Af ', To B 3TOM Cllydae Ha BBLIXOJE NPHUEMHHUKA OTHOIICHHE CUTHANA K IOMEXE
Ooonpie yem Ha Bxoge B 10 pa3. JlocTHrHyTO 3TO 3a CUET MPEUMYLIECTBEHHOTO
YCWICHHSI TIOJIE3HOTO cuTHana. B manHoM mpumepe oH ycwimmBaercs B 10 pas
OoJIbIIIE, YEM IOMEXaA.

W3 cka3aHHOTO CIIEYeT, YTO OMPEIASIUTh U30UPATeIbHOCTh MPUEMHHKA—ATO
3HAYUT y3HATh BO CKOJBKO pa3 (MJIM Ha CKOJIKO Jenuben) ociiabisieTcss KOHKpETHas
roMexa T0 CPaBHEHHMIO C TIOJIE3HBIM CHUTHAJIOM B IPOIECCE WX OAHOBPEMEHHOTO
MIPOXOJKJICHUS Yepe3 N30UpaTesIbHbIN TPAKT MPUEMHHKA.

[ToaTOMYy ypaBHEHHE N30UPATCIIBHOCTH UMEET CJICAYIOIINN BH/I:

1 K (1.2)
y K

O =
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rae o— KO3(pupuenT n30HMpaTeJbHOCTH HJN IPOCTO H306upaTenbHOCTD
pH 3aJaHHOH paccTpoike,

Ecau, HaupuMep, npu Af=Af" noayuaerca y1=0,1, 10 0, =10. Besu-
yuHa o; LOKa3bIBAET, YTO [aHHasl noMexa ociabnsierca B 10 pas.
B panabHeluieM uHAeKch npu of03nayeHHH o Bcerfla OYRAYT COOTBET-
CTBOBaTh KOHKpeTHO#1 nomexe. 1IsbuparesibHocTh (TouHee Kos(pdn-
IMeHT H3OHpaTenbHOCTH) 10 coceauHeMy KaHany Oymem o6o3HayaTb
Ock, @ U30UPATEJLHOCTL [0 3€PKaJbHOMY KaHaly osg.

Brime O0TMECYaJI0Ch, 4YTO I/I36I/IpaTeJ'II>HOCTB IIPUCMHHUKA MOXXHO OIIPCACIIATL B
,ueun6enax. Torz[a HMCIOTCA BBUAY CICAYIOIIKUC COOTHOIICHMA:

Oeaxc (36) = 201g o, (1.3)

%k @0) T 20 lg o, «. (1.4)

3) Ilonoca mporyckaHusi TPUEMHUKA XapaKTepU3yeT KadyeCTBO €ro padoThI.
Yem oHa mMpe, TeM MEHbIIE HCKAKECHHM MpETEepreBalOT B HEM YCUIIHMBAEMbIC
curHasiabl. OIHAKO MPU CIIMIIKOM IIUPOKOM MOJIOCE MPOITYCKAHUS BEJIIMKO BIIUSIHUE
BHEIIHUX NOMEX M BHYTPEHHUX IIYMOB, & OHH OTPAaHWYMBAIOT YYyBCTBUTEIBHOCTH
npueMHuka. Kpome Toro, pacmmpeHue TMoJOChl MPONYyCKaHHWS NPUBOIUT K
YXYAIMIEHUIO N30UPaTeTbHOCTH TPUEMHUKA.

Coueranue XopoIiei n30upareaTbHOCTH C JOCTATOYHOU MOJI0CON MPOIYCKaHUS
MOJTy4aeTCsl B TOM CiIy4ae, KOTJIa 4acTOTHAsl XapaKTEepPUCTHKA MPUEMHHKA ONM3Ka K
NPSIMOYTOJIbHOW. YacTOTHYIO XapaKTEPUCTUKY MPUMEPHO MPSMOYTOJbHOIO BHJIA
MOJTyYarOT 32 CYET MPUMEHEHHWsI CBS3aHHBIX KOHTYPOB WJIM TIPH TOMOINUA OCO00
HAaCTPOMKHM OJMHOYHBIX KOHTYPOB pa3JIMUHBIX KackaJoB mpueMHUKa. [Ipumeps
YaCTOTHBIX XapPAKTEPUCTHUK, MOSICHSIONME B3aMMHYIO CBSI3b IOJIOCHI MPOIYCKAHUS
IPUEMHUKA C €ro U30MpaTeabHOCThIO, TPUBEACHBI Ha pUC. 9.

B BepxHelli 4acTH 53TOr0 PHCYHKA TMOKa3aHbl YAaCTOTHBIE CHEKTPHI TpPex
cTaHUMM, Onu3kux 1o dyactore. [IpuemHuk Hactpoen Ha wyacroty f' s
HEUCKAKEHHOTO MpUEMa OH JOJIKEH PaBHOMEPHO YCWJIMBATh BCE OOKOBBIE YAaCTOTHI
MIPUHUMAEMON CTaHIMU W HE YCWJIMBAaTh CHTHAJIBI COCEAHUX cTaHUui. Ha HuxkHen
YaCTU PHUCYHKa I[I0Ka3aHbl BO3MOXHBIE BapUaHThl YaCTOTHBIX XapaKTEPHUCTHUK
NpUEeMHUKAa C HEOOXOAMMBIMH TOsCHeHUsIMU. llomoca mpormyckanusi SBIsiETCA
YCIOBHBIM TIOHATHEM, TaK KaK MOXET ONPEIETsATbCS Ha Ppa3IMYHbIX YPOBHSX
4acTOTHOM xapaktepuctuku. Hambonee wacto ee ompenensitor Ha ypoae 0,707 ot
MaKCHMaTbHOTO 1 0003HauatoT 2Afo7 MIAH 11 ¢ 4.

4) BeixomHas MONIIHOCTh WJIM BBIXOJHOE HAaIpsDKEHUE, O0ECIEeUnBaIOIINE
HOpPMaJIbHYI0 paboTy OKOHE4YHoro mnpubopa. B mnpueMHHKax CBsi3Uu W B
paguoBENIATEIbHBIX MPUEMHUKAX OKOHEUYHBIM MpuOOp MOTpeOisieT ompeeleHHYIO
MOITHOCTh. OHa JT0JKHA 00€CTIeUnBaThCSl BRIXOAHBIM KackajoM nprueMHuka. OObIYHO
ATO €IMHMIIBI BAaTT WM JIOJIU BaTTA.

B pagnonokanmoHHBIX MNPUEMHHKAX OKOHEYHBIM MpUOOpOM  SIBISIETCS
AIIEKTPOHHO-NTydeBast TpyOka. Jlns ee HopManmpHOM  paboThl  TpeOyroTcs
BUJICOUMITYJIbChHI C aMIUIUTYAOM B HECKOJIBKO JIECSATKOB BOJBT. MIX MOIIHOCTH MOMKET
OBITH HEOOJIBIIION.

5) Jwuamazon paboumx BoigH. OH 3aBHCHUT OT Ha3HAYCHUS INpHEMHUKA. B
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npenenax pabodero audanazoHa MPHUEMHHUK OOBIYHO MOXKET IepecTpauBaThCs.
[lepecTpoiika ObIBaeT TIaBHOW WM TUCKpeTHOU. [Ipu miaBHON HACTpOWKe Mpuem
BO3MOXKEH Ha 000 BOJIHE nuana3oHa. [Ipu NHCKpEeTHONW HACTpOMKE IpUeM
OCYLIECTBISAETCA TOJIBKO HAa (PUKCUPOBAHHBIX BOJHAX. OYEHb YAaCTO BECh IUANa30H
pabounx BOJIH pa3deisercss Ha HECKolIbKo noaauana3zoHoB. Koadduument
NEPEeKPBITUS MOAAMANa30Ha OOBIYHO He ObiBaeT Oonbiie Tpex. llpuemuHuku
Pa3JIMYHBIX JUANa30HOB BOJIH 3aMETHO OTJIMYAIOTCS KOHCTPYKTUBHBIM BBIIIOJTHEHUEM
peceseKkTopa u npeodpa3zoBaresis YaCTOTHI.

E, AAMnﬁumgBHwe suquenus 31C
mA 6 NpuUEMHOL QHIMEHKE

Crmaryus: N2l Crmanyus N°2 Cmanyus N3

NI

Puc. 9 IIpumepn! pasyiHyHBIX PE3OHAHCHBIX XAPAKTEPHCTHK
NpHeMHUKA:

a — XenatenpHas GopMa PEICHAHCHON XapaKTepHCTHKH; 6 — Xopollas H3-

CuparesbHOCTL, HO w™MaJad NOACCA MNPORYCKaHMSA: 8 — ILUHPOKas noJoca

NPONYCKAaHNA, HO NJOXast HICHPATENBHOCTD, & -— Xopouas HICHpaTeNbHOCTH
H pocraTouyHast NoJocca MNPONnYyCKaHHsA
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OO0uue cBexeHust 0 MOTYJISILIMH.
['apmMoHnueckue konedaHusi TOKa, HAMPSDKEHUST WK AJIEKTPOMArHUTHOTO TOJIS
XapakTepHU3yIoTCA TpeMs MapaMeTpaMu: aMIUTUTYI0M, YaCTOTON U HauadbHOU (a3oii.
Tak, HarpuMep, ypaBHEHHE TapMOHUYECKOIO TOKA UMEET CIIETYIOIINAN BU:

i =1, sin (of + ¢). (2.1)

HenpepbiBHbIE KOsI€OaHUsI C MOCTOSTHHOM aMIUIUTYIOM, YaCTOTOM M HaYaIbHOU
da3zoif He MOryT coaepxaThb Kakou-nOo mHpopmanuu. Takue KojaeOaHHs MOTYT
JUIIb CBUJIETENBCTBOBaTh O (haKTe CBOEro cymiecTBoBaHus. Jlig mnepenadu
uHpopmanu  (MHPOPMAIIMOHHBIX CUTHAJIOB) HEOOXOAMMO KakK-TO HM3MEHSTh
napameTpsl AIIEKTPOMArHUTHBIX Koj1e0aHuH, U3JIy4aeMBbIX AHTEHHOU
paguonepenaroIIero yCTpOUCTBa.

[Tporiecc m3MeHeHust M000ro M3 MapaMeTpoB TAPMOHUYECKOTO KojeOaHus B
COOTBETCTBHH C TiepeaaBacMoi nH(popMaIueil Ha3bIBaeTCs MOTYIISIIHCH.

[Ipy HempepbIBHBIX METOAAX Mepenaud MH(GOPMALMOHHBIX CUTHAJIOB
MOYJISIIIUSL MOXKET OBITh aMIIUTyAHOU (AM), yactotHou (UM), dazooii (PM) nubo
VMITYJIbCHOM.

B cnydae OgHOBPEMEHHOrO HM3MEHEHMS [ByX NapaMETpOB TapMOHUYECKOTO
KoJIeOaHUs UMEET MECTO CMEIIaHHAsl MOIYJISLUsS, HalpUMEpP aMIUTUTYIHO-(pa30oBas
(ADM) unu aMIIuTyHO-9acToTHast (AUM).

[Ipn ummynbcHOM MeTozie pabOThl TMepenaTyruKa ero aHTEHHON H3IIy4aroTcs
KPaTKOBPEMEHHBIE PaJUOMMIYJIbCBI, OTACIICHHBIE JPYr OT Jpyra CpaBHUTEIBHO
OobIION BpeMEHHOW may30il. B 3ToM ciydae B COOTBETCTBUU C TepeaaBaeMoi
uHbopMmalet  u3MeHseTcss ~ KakoW-nubo M3 MapaMeTpoB  H3JIydaeMbIX
PaJuOUMITYJIBCOB.

[Ipn uMmynbcHOM MeTozAe pabOThl NEpelaTyrKa €ro aHTEHHOM H3IIy4aroTcs
KPaTKOBPEMEHHBIE PAJUOUMITYJIBCHI, OTIAEIEHHBIE JIPYyTr OT Jpyra CPaBHUTEIBHO
OONBIIONH BpeMEHHOW may30il. B 3TOM ciydae B COOTBETCTBUHM C IMeEpeIaBaeMOM
uHpopManre  U3MEHseTcs  KakoH-Iu0o W3  MapaMeTpoB  M3IIy4YaeMbIX
PaIuONMITYJIBCOB.

Jns  uenedl paavoNOKalMM MCHOJIB3YETCS NpOCTEdIas pa3HOBUAHOCTh
MMITYJIbCHOM MOIYJIALIMHU, TP KOTOPOM B MPOCTPAHCTBO M3IYYAOTCS PaTUOBOJIHBI
MOCTOSIHHOM YaCTOThI, aMILTUTY/IbI, ITUTEIHLHOCTH U CKBaXHOCTH (puc.10).

Kpome uMIyJbCHOM  MOAYJIALMHM, B HEKOTOPBIX  PaJUOJIOKALMOHHBIX
YCTPOMCTBAX IPUMEHAIOT TAK)KE YaCTOTHYO MOAYJISILUIO.

14



e v

J

T

7"'&!

[

Puc. 10 PmMnyabcHasi MONYJSILES, HCNOJB3Ye-
Masi B PJIC:

. iy ~— BHAEOHMOYALCH, Up — PAAHOMMOYIbCH

B 11000M pamguMoTeXHUYECKOM YCTPOMCTBE MPUXOIUTCS BCTpEUaTrbcs C
npeobpa3oBaHUuEM ANEKTPUUECKUX KoJIe0aHuM. YroOsI UCIIOJIb30BaTh
BBICOKOUACTOTHBIC KoOJIEOAHUs ISl TIepedadyd CHUTHAJIOB, HEOOXOAMMO KaKUM-THOO
o0pa3oM BO3/AEWCTBOBaTh Ha HMX, IepelaBas UX B BUJE pa3/elIbHbIX IOCBUIOK
OIpENIEJICHHON JUIUTENbHOCTU OO0 U3MEHSs UX aMIUIUTYyay, ¢a3zy WM 4acTOTy B
COOTBETCTBHM C IiepefaBaeMbiM cUTHajgoM. llpu mnpueme »>TuX KoneOaHUM
.HEOOXOIMMO Ha OCHOBAHHMHM HW3MEHEHHUSI OJHOTO M3 MapaMeTPOB BBICOKOYACTOTHBIX
KoJIeOaHUI WM JUIMTEIBHOCTH IOCBUIOK BOCCTAHOBHUTH IE€PEAABAEMBI CHUTHA.
[Ipoucxoasine npy 3TOM MPOLECCHl U3MEHEHUs (POPMBI, YACTOThI WK (Pa3bl OyaeM B
JalbHEMIIEeM - Ha3bIBaTh TpeoOpa3zoBaHUuEM KoJleOaHUI

Bunpl npeobpa3oBaHuil 1 TUIOBBIE CXEMbI MPEe0Opa3oBaTeseil AMEKTPUYECKUX
KoJIeOaHUI Yype3BbIYaiHO MHOTOUUCIIEHHBI U pa3HOOOpa3Hbl. MBI paccMOTpUM 37€Ch
JMILB HanboJiee BaXKHbIE U paCIIPOCTPAHEHHBIE U3 HUX.
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Bce Bumel mpeoOpa3zoBaHUN MOXKHO
pa3genuTb Ha  JBa  OCHOBHBIX  THIIA: ha )
JVHENHbIE, W  HenuHeuHble, Ilepsoie,
OCYWIECTBIISIEMBIE B  JIMHEWHBIX  LEMSX,
NOAYMHAIOIIMXCA  3akoHy Oma, MOTryT

MIPUBOJIUTD, TOJIBKO K U3MEHEHUSM
aMIUTUTYIHBIX W (a30BbIX COOTHOUIEHUH B B A Ug
CIIEKTPE CJI0KHOIO CUTHaJIA. B HEIMHEWHBIX -
HeMsIX  MOPOUCXOMAT  0ojiee  CIIOXKHBIE Puc. 11 O6nacTH  He-
npeoOpa3zoBaHusl, MPUBOISIINE K U3MEHEHUIO NOJb30BAHUST JaMnel B
caMoro cocraBa CIICKTpa CHIrHajla, T. €. KauecTse JMHEAHOTO H He-
MOSIBJICHUIO Ha BBIXOJIE TaKUX JIMHEHHOro SJEMEHTa

COCTaBIIIONINX, KOTOPBIX HE OBLIO BO

BXOAHOM curHajie. K JUHEHHBIM OTHOCATCS LENHU, MapaMeTpbl KOTOPHIX HE 3aBUCST
OT JECUCTBYIOIINX B HUX TOKOB U HAIpPSXKCHUW. B HEIMHENHBIX )K€ LENSAX N3MEHEHUE
TOKOB W HANpPSKEHUM NPUBOAUT K HM3MEHEHHSM HX AaKTUBHBIX M PEAKTHUBHBIX
CONPOTUBJICHHM, BCIEJACTBUE YEro HANPSIKCHUST W TOKM OKAa3bIBAKOTCA HE
MPOMOPUHUOHAIBHBIMA ~ OJJMH  JIPYTOMY, a CBSI3aHHBIMM  0oJiee  CIIOKHBIMU
3aBUCUMOCTSIMU. OZHO W TO K€ YCTPOMCTBO YAaCTO MOXET HUIrparb poJib Kak
JIMHEMHOro, TaK M HEJIMHECHHOIO0 »JJIEMEHTa B 3aBHCHMMOCTH OT CIIoco0a ero
ucnonb3oBanus. Hampumep, eciu ucnonb3oBaTh JaMmny Ha ydactke Ab ee
XapaKTEPUCTUKH, UACATU3UPOBAHHON B BU/JIE JJIOMaHOU JIuHKUHM (puc. 11), To oHa Oynet
BECTH cebs Kak JIMHEWHBIA ArieMeHT. Ecnu ke ucronb3oBarh €€ Ha ydactke BB, To
JaMITa BeAeT ce0sl KaK HeTMHCHHBIN 3JIEMEHT U C €€ IIOMOIIBI0O MOYKHO OCYIICCTBIISATh
npeodpaszoBanus koiebanmii. O3HAKOMHUMCS CHadajia ¢ OJHUM U3 BOKHEHUIIIMX BHJIOB
npeoOpa3oBaHUi BRICOKOYACTOTHBIX KoJiebaHui — Moayisnueit. Hanbonee mpocra u
pacnpoCTpaHeHa aMIUTATYIHAS MOLYJISLIUL.

AMIIJII/ITyIIHaH MOadyJ/JIAUsI.

IIpenrnonoxxum, 4yTo HYKHO IEpeAarh NMPOCTONW 3ByKOBOW CUTHAJ OJHOIO TOHA
(4acToThl) M MOCTOSHHOW aMmmuutynsl. Jljist 3TOro mpexiae Bcero HeoOXOIuMO
IPEBPaTUTh aKyCTHUYECKHE (3BYKOBBIE) KoyieOaHMs B DJEKTpUUECKHE. 3ajada d3Ta
OOBIYHO pemaercs ¢ Mnomolplo Mukpodona. IlomyyenHoe or MukpodoHa
IIEPEMEHHOE HANPsDKECHUE HENOCPEICTBEHHO WIM IIOCIE YCWICHHMS IIOAAK0T Ha
MOAYJISTOP. DTO HanpskeHue (puc. 12, a) HoqUMHSAETCS 3aKOHY:

uaB = U3B Sin Q t, (22)

roie Q@ — yacrora 3BYKOBOrO CHraaJa.
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Puc. 12 AMMIHMTYIHO-MOYJIHPOBAH-
HBle KoJieGaHus:
a — MOLYJHpYyOlllee  HaNpsiKeHHe,
6 — MoayJaHpoBaHHHE  KoJeGaHHs
npu m<l1; 8 — MOAyJHpPOBaHHHIE KO-
NebaHus npu m=1

[Ipu ammiurynHod Mopynsiuuu (AM) ammuTyga BBICOKOYACTOTHBIX
KoJICOaHMI JTOJDKHA M3MEHSTHCS B COOTBETCTBHHU C 3TUM 3aKOoHOM (puc. 12,6), T. e.
yOBIBaTh MPY OTPHUIATEIILHOM IOITYIIEPUO/IE HAMPSHKEHUS CUTHANIA M BO3pACTaTh MPHU

ITOJIOXKHUTCIIbHOM

U=Uy+Ug,sinQ?, (2.3)

rae U — MIrHOBEHHOE 3HAYCHME AMINIATYAbl BBICOKOYACTOTHBIX KOJ'IC6&HPII>1; Uo

— aMINIUTyda BBICOKOYACTOTHBIX KoJIcOaHui IIpHu OTCYTCTBHUU MOAYJIAALIUU, T. €. KOTIA
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3BYKOBOM CHUTHAJI, BO3JEUCTBYIONTMH Ha MHKpooH, He mocTymaer, u Uqg —
MaKCUMaJIbHO€ OTKJIOHCHHE aMIUTUTYAbl KoseOaHuid oT 3HaueHus U, 1pH
BO3JICHICTBUU 3ByKOBOTO CHTHaJIa HA MUKPO(GOH. DTO BBIPAKECHHE YaCTO 3aMUCHIBAIOT

B BHUAC:

U, .
U=U0 (1 —I—ﬁSlﬂQt). (23)

OTHOCHUTEIPHOE MaKCHUMAaJIbHOE€ HM3MEHCHHWE AaMIUIMTYbl BBICOKOYACTOTHBIX
KoJIeOaHMM Ha3bIBAIOT KOA(PGUIIEHTOM (ITTyOUHOM ) MOTYIISAIINN:

Ug/Ug=m. 2.4)
Ero yacTo BbIpaxaroT B MPOLICHTAX:
UQ fUo-100% =m unmn [%]. (2.5)
Amruutyaa koneOanuii U nMeeT MakCUMallbHOE 3HaYeHue pu  sin Qif =1
Umare = (1 +m) Uy ; (2.6)
MHHHMAaJIbHOe 3HaueHUe MNpH sin Qf=—I1:
UMHH= Uo(l —-m). (2.7)
N3 cymmbl paBeHCTB (2.6) u (2.7) nomyvaem:
1
Uog= —2"' (Umake + Unun), (2.8)
a H3 Pas3HOCTH
U —U
2U,
N3 paBencts (2.8) u (2.9) cnenyer, uTo:
m = UMaRC — UMKH . (2.10)
UMaRC + UMHH

OueBuAHO, YTO HAUOONBIIMKA KO(D(UIMEHT MONVIISINU OGVIET B TOM Cllydae,
Kxoraa ammunTyna koneGanuii mmensercst of Umna =0 00 Umaxc=2 U;
IIPU 3TOM, Kak cienyeT u3 BoipaxkeHus (2.10), m=1 wim m=100%.

['paduk xonmebGaHuii J1s1 ATOTO Ciiyyasi n300pakeH Ha puc. 12 B.
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VYpaBHEHHE BBICOKOYACTOTHBIX KOJEOAHMI, MOIYIHPOBAHHBIX IO aMIUIUTYIE,
MOYHO 3aIMCaTh B BUJIE:

u=Usinot=U,(l +msinQf)sinet, (2.11)

IJI€ ( — YacTOTa BBICOKOYACTOTHBIX KoeOaHuil. PackpbIlB CKOOKH, OTYyUHM:

u="Uysinot+4 UymsinQtsinw?. (2.12)

Tak kax:
sin a-sin B=1/2[cos (a—PB)—cos (a+P)]

TO ypaBHeHUEe AM KoneOaHul MOXKET OBITh MPEICTABICHO B BUJIE:

u-_—Uosincot-{—(—]%nicos(m—Q)t —g;—gcos(u)—{— Q). @13)

CnenoBarenbHo, AM KojeOaHUs MPEACTABISIIOT COOOW pPE3yNbTaT CIOKEHUS
TpeX BBICOKOYACTOTHBIX KosieOanuii. Hanbounpiei aMuTynoit o0naaaoT kojieOaHus
C YacTOTOM , KOTOPYK IPUHATO HA3bIBaThb HECyIleW uacTtorou. JIBe npyrue
COCTAaBJIAIOLIME HMMEIOT OJIMHAKOBBIE AMIUIATYIbl, HE MPEBBIIIAIOIINE TOJOBUHBI
aMIUTUTYJIbl KOJEOAHWI HeCyIleld 4YacTOThl, M YacTOThI, JIKAIUE HIKE U BBIIIE
HECylIEd 4YacTOThl U OTJIMYAKOIIMECS OT HEEe Ha 3HAueHHE, PaBHOE YacTOTe
MOJYJIHMPYIOIIETO CUTHajla. OJTU YacTOThl MPUHITO HA3bIBaTh COOTBETCTBEHHO
HUKHEN U BEpXHEU OOKOBBHIMU YaCTOTaAMU.

To, uro mpocteie AM komebGaHHs COCTOST M3 TPEX BBICOKOYACTOTHBIX
KoJie0aHUN C TOCTOSHHBIMH aMIUTUTYIaMH, MOXXHO TaKXe IOKa3aTh TpaduyecKu.
Konebanust O0KOBBIX 4acTOT CO3AI0T OMEHUs — KOJIEOAHUsI C HECYIIEW YacTOTOW U
oruOaromei aMIUIUTy/l, U3MEHSIoLEeNcs ¢ pa3sHOCTHOM wyactoroil 2. Konebanus
CKJIAJBIBAIOTCS C KOJNEOAHUSIMU HECYIIEed YacTOThl, HMEIOUMMHU TMOCTOSHHYIO
ammuntyny. [lpy HapacTaHuM W ChHajJlaHUyd aMIUTUTYAbl KojeOaHuil OueHuil OHU
CHayajga yBEJIMYMBAIOT AaMIUIMTYLy OOIIEro CyMMapHOro KojieOaHusi, a Ipu
n3MeHeHnu (aszel Ha 180° (3TO MPOUCXOAUT MOCIE MEePExo/ia aMIUTUTYIbI KoJleOaHU!
OMeHMI Yepe3 Hyllb) YMEHBIIAIOT aMIUIUTYay obmiero konebanus (puc. 13, a). Oror
MPOIIECC MOXKHO M300pa3uTh Takke B BeKTOpHOU dopme (puc. 13, 6). Eciu BexTop
KoJIeOaHW Hecylledl dYacTOThl B HaYaJbHBIA MOMEHT BpeMmeHH t=0 3aHuMaer
BEPTUKAJIbHOE TIOJIOKEHHUE, TO COIVIACHO BbIpaXeHUIO (2.13), KOoTOpoe MOXKHO
nepenucarb B BUJE:

U
u=U,sinot+4 —02-r-r-lsin [(0— Q) ¢ — 90°] +(—]§fsin [(0 4+ Q) +90°], &1
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Puc. 13 CocraBnsiomue AM Kone6aHHii H uX BeKTOp-
HOe H300paxKeHHe

Ao

\
\I
i

BEKTOpP KoJIeOaHUsI HMXKHEM OOKOBOM 4acTOThI M300pa3uTCs TOPU3OHTAIBHBIM
BEKTOpPOM, HaIlpaBJIECHHBIM BIIPaBO, @ BEKTOp KojeOaHUN BepxHel OOKOBOM 4aCTOTHI
TaKUM K€ BEKTOPOM, HaIIPABJICHHBIM BJIEBO.

[TockonbKy BEKTOp KoJieOaHUsl BEpXHEW OOKOBOM 4aCTOTHI BpallaeTcsl IPOTUB
YacOBOM CTpENIKM € 4YacTOTOM ® + (), a BEKTOp KoJeOaHWs HECYIEH YacTOThI
COBEpIIAET TAKOE K€ JBMKEHHME C YacTOTOM 0, TO BEKTOp KoJeOaHWs BepXHEH
OOKOBOM 4YacTOTbl OyJeT BpallaTbCsi OTHOCUTEIBHO IOCJEIHEro MPOTHB YacOBOIi
CTPEJIKHU C YITIOBOM CKOpOCThIO +£). BekTop ke KojaebaHus HIKHEH OOKOBOM YaCcTOTHI
1o TOH ke mpuuuHe OyleT BpallaThCsi OTHOCUTENIBHO BEKTOpa KojebaHMs Hecyllei
YacTOThl C IMOCTOSIHHOW YIJIOBOM CKOpOCThIO —(2, T. €. mo 4acoBoi ctpenke. [lo
auarpaMMaM Ha puc. 13 HETpyaHO NpOCIeauTh, YTO BEKTOP, PAaBHBIM CyMMeE
BEKTOPOB KoJIEOaHMI OOKOBBIX YacTOT, B JIFOOOH MOMEHT BPEMEHU HampaBiieH BIOJb
BEKTOpa, KoJIeOaHUs HECYIEH YaCTOThl, TO YMEHbIIIAs], TO YBEJIMUMBAs €r0 JJIUHY.

JInsi KaueCcTBEHHOTO BOCHPOU3BEACHUS YEJIOBEUECKOM peuyu HEeOoOXOAHMO
nepeaaBaTh nojiocy 3ByKOBbIX 4yacToT oT 100 mo 3400 I'm, a my3eiku — ot 50 g0
10 000 T'u. [MosToMy mnpu mnepegaye MOIYJIUPOBAHHBIX KOJEOAHUM MPOUCXOIUT
U3JyYyeHUE KoleOaHUl 1LEeIoro CHEeKTpa BBICOKMX 4YacTOT, TPAHULBI KOTOPOIO
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OTIPEICNSIFOTCS. MAaKCUMaJIbHOW BEpXHEW W MHUHHMAJIbHOW HIDKHEH OOKOBBIMU
yactotamu (puc. 14):

f0+'Fmaxc H fO—Fmaxc
\U |

f
=

O—

-

9 Hare To-fun fo Tothaun Totfuake

Puc. 14 Cnektp AM konebanuii

CnenoBarenbHo, Tpy AM mnepeaarTyvk 3aHMMAaeT TMOJIOCY YacTOT, MIMPHUHA
KOTOPOM paBHA JBYyM MaKCUMAaJIbHBIM YacTOTaM Moayssiiiuu 2 Fmakc.

Korna roBopsT, 4to paguocranius padotaet Ha yactore f, To UMEIOT B BULy €€
Hecylryto yactoTy fy . [IBe paguoctaniium He MOTyT paboTaTh 0€3 B3aMMHBIX MOMEX,
€CJIM UX HECYIIHUE YaCTOThl Pa3INYaloTCA MEHbBIIE, YeM Ha CYMMY MX MaKCHUMAaJIbHBIX
4acToT Monayiasauuu. [lodToMy HecylMe 4YacTOThl pPaJMOBEIIATENbHBIX CTaHIIUN
HEKOTOPBIX JIMAMA30HOB Pa3inyaroTcs He MeHee ueM Ha 9 kI 1.

JI1st HeMCKa)KeHHOM Tiepeiadn M BOCIIPOU3BEICHUST HEOOXOAMMO TaKkKe, YTOOBI
MepeaTINK ¥ MPUEMHHUK 00Jafaiy JOCTATOYHO IMUPOKON TIOJIOCOU MPOITYCKAHWS, T.
€. UTOOBI KojieOaHusi OOKOBBIX YACTOT CYIIECTBEHHO HE OCIAOSIUCH 10 CPABHEHUIO C
KoJieOaHUsIMU Hecyliel yacToTel. [Ipu 3TOM O4YeHb BakKHO, YTOOBI KOHTYPHI ObUIH
BO3MOXKHO TOYHEE HACTPOEHbI Ha HECYIIyI0 YacToTy. B ciydyae WX HETOUYHOU
HACTPOMKH KoJIeOaHUsI OJTHOM U3 OOKOBBIX YACTOT OKAXKyTCs OCJIa0JIE€HHBIMU OOJIbIIIE,
yeMm KosieOaHus Apyroi OOKOBOM 4acTOTHI, U CUTHAJ OyJIeT CUJIbHO UCKaxeH. Takue
-MCKaXeHHU I, HAIPUMEP, UMEIOT MECTO TPH TUI0X0H HACTPOMKE MPUEMHUKA.

HansHOCTh mepenauu npu AM ompezenseTcss UHTEHCUBHOCTBIO KOJeOaHMi
OOKOBBIX YAaCTOT, HECyIIMX HH(POPMAIIMIO, AMIUIUTYJa KOTOPHIX BCErJa MEHBIIE
aMIUTUTYIbI KoseOaHus Hecymledl dactorel. M3 Beipakenus (2.13) BumHO, 4TO
aMIuIUTya KoneOaHuii OOKOBBIX YACTOT MPOMOPIHOHATBHA  KOA(D(DUIIMEHTY
MOJYJISIIIAN U, CTIEA0BATENBHO, NATLHOCTh TIepenayn OyJeT TeM OOJbIle, 4eM OOJIbIIe
rTyOMHA MOTYJISIUY TIEpeIaTInKa.

B TpaH3uCTOpHBIX Kackajax NEpeAaTdyukoB MOAYJSIUSA Ha 0a3zy MOXKET
OCYILIECTBISATHCS KaK HM3MEHEHHEM HalpsOKEHUS] CMEIICHHS, TaK U H3MEHEHUEM
HarpspKeHus: Bo30yxaeHus. s ocyiiecTBiaeHrs 0a30BOM MOIYJSAIMHU CMEIIEHUEM
MOAYJIMPYIOIEE HAIPSHKEHUE BBOJUTCS B 1LIETh 0a3bl TPAH3UCTOPA MOCIEA0BATEIBHO
C HAIPSKEHUEM CMEIICHUS U HaNpsHKeHUEM BO30YKISHUsI, KaK MOKa3aHo Ha puc. 15.
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Puc. 15 Cxema 6azoeoti mooynayuu cmeujeHuem

Takke B TpPaH3UCTOPHBIX TIE€HEpATOpax OCYIIECTBISIETCS KOJUIEKTOpHAs
Moaysiiusi. OHa Takxke xapakrepusyetcs: BbicokuM KIIJI, Ho TpeOyeT 3HaYnTEeNbHBIX
MOIIIHOCTEH OT MOIyasiTopa u BO3OyauTens. /[l TOBBIMICHHUS JIMHEWHOCTH
MOMYJISIIUM U YMEHBIICHUS MOIIHOCTH BO30YAUTENS 4Yalle BCETr0 HCIOIb3YIOT
OJTHOBPEMEHHYIO0 CHUH(A3HYI0 KOJUIEKTOPHYIO MOIYJALMIO B OKOHEYHOM U
MpeOKOHEYHOM Kackaaax (puc. 16 ).

TTALALAY
VAAL

Exr £z
“\AASO

Lo

Puc. 16 KoanekTopiass MOAYAAUMSA
B JBYX KacKaaax
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Tornga mpu yMEHBIIEHMM HANPSKEHHWS HAa KOJUIEKTOPE BBIXOJHOTO KacKaja
OJHOBPEMEHHO YMEHbIIAETCSl HAPsDKEHUE BO30YKIEHUS, U 0a30BbIil TOK BO3pacTaeT
B MEHBILEH CTENEHH, YEM IPU IMPOCTON KOJUIEKTOPHON Moayisuuu. OQHOBPEMEHHO
yMEHbIIaeTcsl Tpebyemass MOIIHOCTbh BO30Y)KJIEHHS M YIy4YIIaeTcs JIMHEWHOCTb
moayssitiuu. st monyyenus nocrarounoro KITJ[ moiHoro Mmogynsitopa, TpedyemMoro
IIPU AHOAHOW M KOJUIEKTOPHOM MOAYJSINMU, MOZAYJISTOPBI BBIIOJHSAIOT B BHUAC
JIBYXTaKTHBIX YCUJIMTENIeH HU3KOM YacTOThI, pabOoTaoIIKX B pexKUMe Kiacca B.

OcoOeEHOCTH AMAJHTYAHON MOAYJASAuHH TPAH3HCTOPHBIX TeHepaTo-
pOB ¢Bsi3aHbl C BO3HHMKalOleH B mgpollecce MOAYJSLHH HeCTaOHIbHO-
CTbIO BXOJHOTO H BBIXOJHOTO CONPOTHBJIEHHH TPAaH3UCTOPA.

JInsi yMeHbIICHHS BJAHAHHS 3TOH HEeCTAGMJIBHOCTA HA PEXHM reHe-
paTOPa M YaCTOTy reBCPUPYEMBIX KoOJeGaHHil B cXeMaxX aMuJHTyAuo#
MOAYyNsuHKY Ha TPaH3HCTopax ue.necoo6pa3ﬂ0 IIPHMEBSTb HEHNOJHOE
BKJIOUEHHE KoJieGaTrcAbaoro KOHTYypa B KO/NJNEKTOPEYK uLCHb TPaH3H-
cTOpAa. Kpome TOro, BCACACTBHC CHJIBHOI'O BJAHAHHSA H3IMEHCeHUH TeM-
lepaTypbl Ha HapaMmeTpnl TPaH3HuCTOPOB, HEOﬁXOﬂHMO HCIIONb30BATH
cxeMbl TeMOepaTypro#l cTalHlIn3anuy TPAH3UCTOPOB W CTABUTh MOAy-
nupyeMble KacKalbl B OOJeryeHHbli TEMOCPATYPHBIH DPeKHM.

Bo usfexxanye BIHSHHA MOMYJHPYEMOrO KacKafta Ha PexXHM W
JacTOTy 3aflaloIiero reHepatopa B MEOTOKACKANHBIX TPAH3HCTOPHBIX
nepefaTyHKaX MOAYMSAIHS, KaK [paBHJO, OCYLUECTBJSETCH B OLHOM
H3 HOCJeNHHX HJH B OKOHEYHOM Kackaje rnepenatydka. B 3aeucu-
MOCTH OT TOro, B KaKyIO ilellb MOAYNHPYEMOro TPaH3ECTOpa BBOXHTCH
MOAYJIMPYIOIUHIT CHIHaJ, pas3finyaloT cXeMbl C KOJJIeKTopHo#l n 6aso-
Boit monynsinueit ( Puc. 17 ,a H 6 cOOTBETCTBEHHO).

KonnekToprass MORYASLHS TPaHIUCTOPHLIX TeHepaTOpOB 3IKBHBA-
JIEHTHA AHOJAHOH MOIYJISIUMH JIAMIIOBBIX I'eHEepaTOPOB H OCYIIECTBMSET-
csi B MepeHanpsizKeHHOM peKHMe, NMOCKOJbKY BCAGACTBUE Masoil mpo-
HHL@eMOCTH TPaH3HCTOpa KOMMEKTOpHOe Hanpsixende clabo BJusieT
Ha KOJWIEKTOPHBHIH TOK. JIHIb B NepeHanpsKeHHOM pexuMe npH Golib-
KX 3HayeHH$X TOKa ©6asnl H3MEHEHHE KOJJNEKTOPHOro HaripsixKeHHS
TPaH3UCTOPa CYIECTBEHHO BJHfler Ha aMNJMTYIY [epBOH rapMOHHKH
KOJIJIEKTOPHOIO TOKa.

Chenyer uMetb B BHIY, YTO TIOTEpH 3Hepruw B uenu G6Gaswl, BO3-
HHKZWIUHE B [iePEHANpPSKEHHOM peXHMe, 3HAUHTEJIBHO HADPYKAaloT
npeAblAyIuil KacKaj BHICOKOH Yactothl. Kpome Toro, npu Beibope Ha-
npsizKeHHss HCTOUHHKa Eyx Heo6XomuMo YuHTHIBATH BO3MOXHOCTL Npe-
BLILIEHHS NONYCTHMBIX 2HAUYEHHH KOJWIEKTOPHOIO Hanpsixends, Ho-
CKOMBKY B Ipolecce KOJAJEKTOPHOH MONYASILMH HanpsXeHHe Ha
KOJJIEKTOpE MOXKET fOCTHraTh 3naycHus 2Ey.

BasoBasi MOLYJsIEst TPAHI3HCTOPHBIX TEHEPATOPOB OCYHIECTBIASET-
cfl B HelomanpsxkeHHoM pexume. Cxema 0a30Boif MOLYJASIIHH M CTa-
THUECKasi MOAYJSLHOHHAS XApaKTePHCTHKA Npusenennina Puc. 17 6,
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Puc. 17 Cxemb Mopyssimy TPAHAUCTOPHLIX reHepaTopoB M MX CTaTHYECKHE
MOJYJIIUHOHKBIE XapaKTePHCTHKH!
¢~ IpH KOANEKTOPHOE MONYNAUHH: O = npH Ga30ROB MORYISAIMH

YacrorHast MOLYJIALMS.
[Ipy yacTOTHOM MOIYJALIMM aMIUIMTYJa BBICOKOUACTOTHBIX KOJeOaHUMU
OCTAETCA NMOCTOSIHHOM, @ B COOTBETCTBHM C MEPEAABAEMBIM CUTHAJIOM H3MEHSETCS
4acTOTa BRICOKOYACTOTHBIX KoJiebaHuil o (puc. 18).
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P . (00

Puc. 18 YHacToTHO-MOAYAUPOBaKRNbie KOneOaHus
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N3menenne 4YacTtoTel A® TPU HEUCKAKEHHOW MOMYISIMH JIOJDKHO OBITh
MPONMOPUMOHAIBHO aMIUIMTYAE MOAYJIUPYIOWIETO CHUrHana. Ecimyu monynupyronmmn
CUTHAJ H3MEHSETCS MO0 KOCUHYCOMJAIBHOMY 3aKOHY C 4acToTod (), TO ymioBas
4acTOTa MOIYJIMPYEMOT0 KOJIEOAHHS U3MEHSETCS CIEAYIOIHUM 00pa3oM:

® = ©) -} A0, CO3 2, (3.1)

rjae W — Hecyinass 4actora MOAYJAHPOBaAHHOIO KO.ﬂeﬁaHHH, T. €.
CpcliHee 3HaUYCcHHC YaCTOThI;

AWy~ MAKCHMANbHOE OTKJAOHEHHe 4aCTOThl B Hpouecce Mony-

JSLUH OT CBOEr0 CpelEeroc 3HadeHHsl, HasblBaeMoe Je-
BHALHEH YaCTOTHL.

VYrnoBass yacToTa MNpEeACTaBIsIET COOOWM CKOPOCTh H3MEHEHUs (a3bl BO
BPEMEHU :
p de

C="dr -

Otcrona ¢aza konebaHuii B MOMEHT ¢ (Tak Ha3bIBAEMOE TEKYyIllee 3HAUCHUE
da3wl) onpeaenuTcs mo hopmyse:

L - -

t
¢ = ‘"wdt—l— ¢y, TOEe ¢@o—HayalbHas (asa.
0

Hcnoneayss ¢opumyny (3.1) , NOAYyYHM
t

Q= s‘ wedt + jAwmaxc cos Lé dt + ¢,
0 b
OTcrona rnocie UHTErpUPOBaAHUS:

¢ == Wyl |- —E=E ﬂ”""“’ sin @f - ¢,. (3.2)

N3 dopmynst (3.2) BUaAHO, yTO, KOraa Moayisiiuu HeT (Aw=0), Tekymas da3za
M3MEHSIETCS 110 JINHEHHOMY 3aKOHY < == ol - ¢p.

[Ipu yacTorHOM Momymsiuu, korga Aw#0, Tekymas ¢aza BRICOKOYACTOTHOIO
KoJIeOaHUS HEMTPEPHIBHO U3MEHSIETCS OTHOCUTEILHO 3HAYEHUS Q= wol + <0-
DTO U3MEHEHHUE MPOUCXOIUT MO CUHYCOUIAIbHOMY 3aKOHY

Aw

C AMIUIUTYAON ——— MBKC 1 4aCTOTOM MOAYJIUPYIOLIETO CUTHAJIA.
Q

N3 puc. 18 BUOHO, YTO B MOJIOKUTEIBHBINA MOJYHEPUO] MOIYIUPYIOIIETO
CHIHama u 4acTora, a cienosarenbHo, U (aza UM xomeOaHuil yBeTMIHBAIOTCSL

[ToaTOMY B IOJIOKUTEIBHBIN MOJT Y IEPUO MOAYIIHpYIolero curuana YM konebanus
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orepexaroT 1o ¢asze KojaebaHus HecCymel 4acToThl (KojeOaHWs TpU OTCYTCTBUU
MOJYJISIIIUM), @ B OTPULIATEIIbBHOM — OTCTAIOT OT HUX.

Awmruntyna u3MeHeHus ¢asbl (AeBuarus (pasbl) MpyU YaCTOTHON MOMYJISIIAA
A@,c. HA3BIBAETCA UHAEKCOM YaCTOTHOM MOIYJAMU. MTHAEKC 4aCTOTHON MOIYJIALUA
PsIMO IIPOTIOPIMOHAJICH JEBUAIIMN YAaCTOThI U OOPATHO MPOMOPIMOHANICH BEJIMYUHE

MOIYJIHUpPYIOLEN 4acToThl. HAEKC 4aCTOTHOM MOIY/ISLUN 0003HAYUM iy

Aw, Af
mf — ACPMaKc S Suaakc — L‘;;‘BKC ,
Y (3.3)
Aw Q
rue Muae = —5—3 F=-5—.

Ecou monynupyromuii curHaid HeE SBISIETCS OJHOTOHHBIM, a COCTOMT W3
KoJIeOaHUI pa3MYHBIX 4YacToT, To B dopmyny (3.3) s ompeneneHus HHACKCA

MOAYJIOHUHU OOJDKHO BXOAWTH MAKCHMAJIbHOC 3HAYCHHC MOILYJ'II/IPYIOHIeﬁ HaCTOTHI

Fy ke’

— AfMﬁKC
mf — F -

MaKc

Kak BuanO u3 dopmynsl (3.2), Mpu 4acTOTHOW MOIYJISIIMU OJHOBPEMEHHO C
U3MEHEHUEM YacTOThl M3MEHseTCs U (a3a BBHICOKOYACTOTHBIX KoJeOaHUMU, T. e.
YaCTOTHAsI MOIYJISIIIUS BCETIa COMPOBOXKAAETCS (Pa30BOM MOAYNIALIEH.

OnHako, HECMOTPS Ha TO, YTO JACBUALMS YACTOThI M JIeBHALMS (a3bl CBSA3aHBI
PSAMO TPOMOPUUOHAIBHON 3aBUCUMOCTBI0 A®yac=QAQvae , @M curman m UM
CUTHAJI HENb3d OTOXKIECTBIATH. JIEHCTBUTEIBHO, MPHU CIOKHOM MOIYIHPYIOLIEM
CUTHAJIE JIEBUALIMS YaCTOThI 3aBUCHUT HE TOJBKO OT JIeBUALMK (a3bl, HO U OT YaCTOTHI
Monynaupyromero curHaia. Ilpu  ¢a3oBoil MoaynasiuuM B COOTBETCTBUU C
nepenaBacMbIM CUTHAJIOM M3MeHseTcsl (aza Hecylux KojeOaHui (meBuanus (asbl
IPONOPLMOHANIbHA aMIUTUTY/Ie MOAYIUpyolero curnana). [lomyyatontyrocs xe npu
(da3z0BOil MOAYNIALMK JIEBUALIMIO YaCTOThl HENb3S CUYUTATh MPONOPLHUOHAIBHON
aMIUTUTYJI€ MOJIYJIUPYIOILErO CUTHAJIA,

TaK KAK CBA3LIBAIOIIMI JeBHAHI0 yacToThl M (daswkl kod3PhHINeHT
NPONIOPLHOHAJBHOCTH { u3McHsieTCH B Apolecce MOOYMSILHH.

ITostomy, ranpumep, npuem ®PM konebGaHuil Ha NpHEeMHHK, Hpel-
HasuaueHHBI# AN npHeMa UM xonebGanuil, npaxTHUeCkH HeBO3MOKeH
Gez npeaBapuTeNbHOro npeobpa3opaHus (AasoBOH MOAYJSLHH B ya-
croTHyI0. Jlns Takoro npeoOpa3oBanusi MOMKHO MCNONb30BaTh HHTE-
rpupyollyfo nenb RC. Hanpsizkenne ua Bbixore Takoll menmd CBS3aHO
¢ HaNpsi’)KeHWEM Ha BXOLe COOTHOILUEHHEM
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1
QC
Un X T — Unxr

i
V R+ <Gy

|
WIH OpH R>>—-§~5~, npeHeGperasg BTOPHIM CJaraeMblM B 3HaMeHa-

TeJe,

i
wax = g U (3.4)

U

Hs ¢opmynnt (3.4) chienyer, 4T0 aMIVIATYAHO-9ACTOTHAs Xapak-

TepHCTHKA uHTerpupywlidei menu K () obparHo npoloputoHallbHa
YaCTOTe CHTHAJA

U 1
Oy . BRIX
K(®)= U; — QRC *

[ToaTOMYy eciii MOTYIUPYIONUK CUTHAI B ()a30BOM MOAYJIATOPE MPOITYCTUTH
yepe3 MHTerpupyromyro nernb RC, To aeBuarus 4actoTsl npu (Gpa3oBor MOIyIAIIAN
MEepPECTaeT 3aBUCETh OT YacTOTHl MOAYJIHMPYIOIIETO curHama, T. €. ®M curHan
IpPEeBpaIaeTcs B YaCTOTHO-MO Y TUPOBAHHBIN.

dazoBas MOAYNSIUS JJII  PAAMOCBAI3M  HE  INPUMEHSETCS,  OJHAKO
HCITOJIb30BaHME (ha30BOT0 MOIYJISATOPA C HHTETPUPYIOMIEH LIETBIO SBISICTCS TOBOJIBHO
pacrpocTpaHeHHBIM criocoOoM nonrydeHus UM komeGaHumid.

Hexonst 3 dopmyn (3.2) 4 (3.3) u mojaras aJs npocTOThl Ha-
yalpHylo a3y ¢p=0, BBIPa3uM TOK B aHTCHHE HAPH HAJHYHM YACTOT-

HOH MOIYJSIHH: )
i,==1I,cos¢==1,cos(wf -+ m,sin Q). (3.4)
Omnpepennm cnektp Konebawnuii NMpH ONHOTOHHOH Monyasuud (npu

Q=const). Packpeis cko6ku B Bbipaxenun (1.100) no uspecTHBIM
TPHrOEOMETpHUECKHM ¢opMylaM, NOAYYHM

£, =1, [cos ogf - cos (m sin Qf) — sin vy - sin (m;sin QF)].  (3.5)
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Paznoxenue cnoxupix GyHkuuit cos (mysinQf) u sin (my sin Qf)
B psn Oypbe BO3MOXKHO TOJABKO C MOMOILID TaK HA3LIBAEMbIX (yHK-
uuit bBeccens:

cos (my sin Q) = Jy (m;) + 2/, (1) cos 22¢ + 27, (m) cos 49¢ ..
sin (m, sin Qf) = 2J; (m,) sin @t - 2/, (m;) sin 39 + ...
ITopcraBue B BHIpa)ceHie (3.5) 2TH psiobl H HCLHOJDb3ysl H3BECT-

Hble TPHIOHOMETpHYeckHe (GOPMYJBI AJsi KOCUMYCA CyMMDI H Pa3HOCTH
IBYX YIJIOB, LOJIYUHM

iy =1, [Jo () cos ot +J, () cos (v 4 R) £ —J; () cos(wy— L)E+-
+ Jo (m;) cos (wp -+ 22) £ + Jy (my) cos (wp —2R) £ ... (3.6)

Bo BCex BbILICHPHBEOEHHBIX (QOpPMyNax MHOXKUTENMH TtuHna Jy(my)
SIBISIIOTCH MaTeMaThuyeckKUMH QyskuusMu beccenst n-ro nopanka. ['pa-
¢uKn pyEKumE beccesst pasyiHYHOIO NOPSLEA [OKa3aHel Ha Puc. 19 .

Puc. 19 TI'pagurn dpynxuuii Becceyst

Kak BHIHO H3 3TOr0 PHCYHKA, 3HAYeHHe (PYHKHHH HYJCBOTO [HOPSAKA
Jo(m) makcuMaNbHo nOpH HENerce wMonayJsanHH nm;=0. Qynkuuu
Jo(my), Jo(my), Js(my) v 1. 1. npHOGPETAIOT MAKCUMAJbHKEE 3HAYCHHS
OPH pasJHYyHBIX HHAekcaxX MonayaAudH. OTCiea cJenyer, Y70 CHEETP
YM curgana cogepxur OGeckomeuHblii paj xohcbanuit GoKOBHWX ya-
CTOT, AMIMJIUTYABI KOTOPBIX SIBJAIOTCH (GYHKUHUAMH MHIEKCa MOmyJis-
uuH. Ha npakTHKe Nipu ONpelesIeHHH LWIHPHHBL CrCKTPa IPHMATO YYH-
THIBATH TOJMBLKO OOKOBBlIe YacToThl, aMIOJHTYAW KoJeGauuil KOTophIX
cocrapsoT Oonee dY aMnauTyasl KoJlebGaHuil Hecyuieit yacToOTHL

Ha Puc.20 nokasapsl crektpsl UM KoseGaHufi npH pazfidynnix
HHpekcax monyasinuu My Kak cnenyer u3 pucyska, npu my<<l cnextp
UM curuana vwveeT HIHPHIY OKOJO 2Fyake, TAK KaK 3aMETHYK aMILTH-
TYAY HMEKT JHIIb KOJeOaHHS NepBOH napbl GOKOBLIX 4dcTOT. Takasi
yacToTHasl MOAYJSIHS HasbBaercd yskonogocHo#. Henocratkom ysxo-
NONOCHON YaCTOTHOM MOAYJIALHM SBJAETCHA ILI0OXO€ KayelTBO BOCIPO-
H3BeCHHS CHI'IAJNA, J02TOMY L7151 PalHOBEIUaHH§ HCIOAB3YeTCs LUH-
pokomoJiocHast UM, 7. e. moaynAuus NpH 3HAYEHHNX HHICKCA MOmyJiA-
LLHH, paBHBIX O— 8.
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[IIupuHa criekTpa 4acTot, 3aHuMaemMoro UM curnanom, rnpu mupoKONOJIOCHON
MOJYJISIIIAA MOXET OBITh MPUOIIMKEHHO OIICHEHA yJIBOCHHBIM 3HAYCHHEM JEBUAIIUU

qacToTl 2Afyaxc.

Jnsg paavoBelaHusi MCIONB3YETCS YacTOTHAS MOIYJSINUS C JIEBUALIUEN
gactoThl Af=80 kI'. MakcumanbHOE 3HaYEHUE YACTOThI MOAYJIHMPYIOIIETO CUTHAJIA

MOHO CUMTATh PABHBIM 15 KriI.

Otcroaa unaexkc Mmoayisiuuu npu UM paanoBenianuu:

my—-22 =53,

a TIojJoca 4acToT, 3aHuMaemas UYM
CUTHAJIOM, MpUONIMKeHHO paBHa 160 KriI.

[ToaToMy npu IIAPOKOTIOJIOCHOM
YaCTOTHOW  MOAYJISIUMUA  CIEKTp  CUTHajua
MOJYy4aeTCd B IATh — JECATh pa3 IIUPE, YEM
MIPY AMIUTUTYTHON MOYJISALINY.

CienoBareibpHO, YHUCIIO yM
MEepEIaTYNKOB, KOTOPOE€ MOXXHO pPa3MECTUTh B
TOM WA HHOM JWamna3oHe BOJK, B IISITh —
JIECSITh pa3 MEHbIIE, YeM IIPU aMIUIATYIHOU
MOIYJISILINH. 210 SABJISICTCS IJIaBHBIM
HEJIOCTaTKOM YaCTOTHOM MOIYJISILINH,
OTPaHUYMBAIONIAM O0NAcTh €€ NPUMEHEHUS
KOPOTKHUMHU U YJIBTPAKOPOTKUMH BOJTHAMM.

K [IPEUMYILIECTBAM YaCTOTHOU
MOIYJSILMKA [0 CPABHEHUIO C aMIUTUTYAHOU
cienyer OTHECTHU OO0JIBIIYIO

[IOMEXOYCTOMYMBOCTb.  J[€eMCTBUTENBHO, TIPU
YaCTOTHOM  MOIyJsiuMKM  artMocepHble U
IIPOMBILIJIEHHBIE TIOMEXH, U3MEHSAS aMIUIATYLy
CUTHaJa, HE H3MEHAIT 3aKOH MOIYJSALHUH U
MO3TOMY MOTYT OBITh YCTpaHEHbI B MPUEMHUKE
IIyTEM OIPAaHWYECHUS AMIUIMTYIAbl CUTHAJIA.
bonpiiasgs  moMexoyCTOMYHMBOCTH — IO3BOJISET
YIY4YIIUTh Ka4€CTBO BOCIIPOM3BEIECHMS CUTHAla
U TIOBBICUTb DPEAJbHYI0 YYBCTBUTEIBHOCTH
IIPUEMHHUKA.

B pexume UM konebaHmil ImepenaTInk
paboTaeT MpU NOCTOSHHBIX AMIUIUTYAAX, YTO
no3Bojsger  moBelcuTh  KIIJI w  mydme
MCIIOJIB30BATh MOLIHOCTHh F€HEPATOPHBIX JIAMII
Y TPAH3UCTOPOB

[TocrostncTBo ammmutyasl UM curmana TPH

IMMO3BOJIAACT YMCHBIINTD HEJIMHCHHbBIC UCKAXKCHUS
CUTHAJIA ITPHU €T0 YCUJICHUU.
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Puc. 20 Crextpu UM konebanmii

pasiHdHBIX HHAeKCax MOAYJIAlHH
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Opnna u3 BO3MOXHBIX MpocTerimux cxem UM moaynsitopa npuBeAeHa Ha pUC.
21. Monynupytomiee HanpsbKeHUe, CHIMaeMoe € AJIEKTPOHHOTO MukpodoHa MKD-3
(MK3-333, MK3-389, M1-A2 "CocHa"), uepe3 konaencarop Cl mocrynaer Ha 0azy
Tpan3uctopa VT1, Ha KOTOPOM BBINOJHEH 3aJarl0lUid TreHeparop. Tak Kak
YOPABIIAIONIEE HAIPSUKEHUE MPUIOKEHO K 0a3ze Tpansuctopa VT, To, M3MeHss
HanpsDKEHHE CMEIEHUs Ha mepexone 0a3za-dMUTTEP, U, COOTBETCTBEHHO, €MKOCTh
uenu 0aza-3MUTTEP, KOTOPast ABISETCA OAHOW M3 COCTABHBIX YAcCTEH KOJIeOATEeIbHOIO
KOHTYpa 3aJarollero TIeHepaTopa, OCYLIECTBISAETCS  4YacTOTHAas  MOIYJISLIHUS
nepenaTyrka. ITOT KOHTYp BKIIOYAeT B ceOs TakKe KaTylIKy MHIYKTUBHOCTH L1,
PAcCIIONOKEHHYIO MO BBICOKOM YacToTe Mexay Oa3zoi Tpanzuctopa VT1 u maccoi, u
xornencaropamu C3 u C4. Kongencatop C4 BKIIOYEH B 1I€Tb OOparHOW CBSI3U
E€MKOCTHOM TPEXTOYKH, SBISSICH OAHUM M3 Tuied aenurtens C63-C4, ¢ koToporo u
CHUMaeTcs HampsbkeHue oOpartHoil cBsizu. Emkocth konzaencaropa C4 mo3BoisieT
perylMpoBaTh ypOBEHb BO30ykIeHus. Bo u3bexaHue BIUSHUS NIYHTUPYIOIIETO
pesucropa R2 B menu smutrepa Tpanszucropa VT1 Ha komeOaTenbHBIA KOHTYD,
KOTOpPO€ MOXKET BBI3BaTh YPE3MEPHOE PACIIMPEHHE MOJOCHI YAaCTOT PE3OHAHCHOU
KpUBOM, MOCIEAOBAaTEeIbHO C pe3ucropom R2  Bximouen gnpoccens [pl,
OJIOKUPYIOIIUNA TPOXOXKACHUE TOKOB BBICOKOM YacTOThl. WHIYKTMBHOCTH 3TOTO
napoccens nomkHa ObITh okono 20 mkl'H. Karymka L1 6eckapkacHas, quamerpoM 3
MM HamoraHa mpoBonoM [I9B 0,35 u coxmepxutr 7-8 BuTKOB. [Ins momyuyeHus
MaKCUMaJIbHO  BO3MO)XHOW  MOIHOCTH  HEOOXOAMMO  MPaBUIBHO  BBIOpPATh
reHepupyomuii anemMent (Tpanzuctop VT1) U yCTaHOBUTH ONTHUMANBHBIA PEXUM
paboTel TeHepatopa. [Ins 3TOro HE0OXOAMMO MPUMEHSITh TPAH3UCTOPHI, BEPXHSA
rpaHUYHAsl YaCTOTAa KOTOPBIX JIOJDKHA MPEBBINIATh pabouyl0 4acTOTy T€HepaTopa He
MEHee 4eM B 7-8 pa3. DToMy yCIOBHIO HaMOOJIee TTOJIHO OTBEYAIOT TPAH3UCTOPHI THIIA
n-p-n KT368, X0Ts MOKHO HCTOIB30BaTh M 00JIee PaCTIPOCTPAHEHHBIE TPAH3UCTOPHI
KT315 wnu KT3102.

+

i i
158
/R1x +
M1 56k _‘1’35{'
MK3-3 L 0.
O——— -
$10.33 2
I 106

Puc. 21. Ilpocmeiiwasn cxema YM nepedamuuxa Ha 00HOM mpauH3ucmope.
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NMmnynabcHass MORyJasinust.

CyHIecTBYIOT CJAeAyiollHe OCHOBHBIE METOAH MOMYJSIHUH HMIYJib-
COB:

1) amMpiuTyaHas umuyJbcHast MolyJtsiuns (AVMIM);

2) mupoTHaa umnyabcHas wmoayasims (LIHMM), B npouecce xo-
TOpOil HPOHMCXOIHT H3MEeHEeHHe HIHPHHBEI MMIYJNLCOB, T. €. HX IJHTeNb-

HOCTH;

3) ¢azosan uMmnyabcuas monynisuus (©HM), B npouecce xoropoil
H3MensieTcss (asoBLIf CABHI, HJIH BPeMS$ H3JIyYyeHHs! panHolMAyJbCOB
BHYTDH TaKTOBBIX HHTEPBATOB;

4) uacrornast uMny.ecHast moayJasuua (YFiM), » npouecce koro-
pOH HPOUCXOAHT H3MEHEHHE 4YacCTOThI PaAMOHMITYJBCOB,

I'padbHKH, HIUIIOCTPUPVIOLLHE DaIJHUHLIE BHAB HMOYJIbCHOH MORY-
JISUHH, APHBEICHLI HA Puc. 22

Huorna ucnosb3yeTcsl Takke CiepgualbHBIA BHI HMAOYJBCHOH KO-
JIOBOH MOAYJASiUHH, NPH KOTOPOIl MAiaByas KpuBas CHIHajJa 3aMeHAeTCs
CTYNEHyaron, T. e. IPAMEHSETCA TaK Ha3bLBaeMoe KBAHTOBAHHE CHTHA-
Ja  Ppc.23 . llpu UMUYNBCHO-KOZOBOH MORYJISTUHH WICJHO, aMJiH-
TyNa, AJHTEeNbHOCTb, (Pas3oBbBIH CABUC HJH TIOAAPHOCTH MH3JTyuaeMbiX
MMIYJbCHBIX CHINAJNOB 3&BHCAT B KaXKAblH [NAaHHBI OTPE30K BpeMeHH
OT HUCKPETHOrO YpOBlUSI KBAHTOBAHHOrO CHrHana.

4
i,
0 -
t
t 2 3
0 - Puc. 23 e - i
t v o3 6789101 1
s
5
[ | g
+M’ -At 4 £
Hﬂ'l"'l'l” 2 Y
t 0
BIIRRERRAR ;
Puc. 22  Pasnpusbie summ umuyascroil mopyasmum: Puc. 23  Ksanmtomatwie curnana:
o) — MORYAUPYICIUHE CHTHAM; &~ BPOMONYNHPOBEHHEF  HMNYNECH 1IDH i — HCXOUIHEIP CHTRRX; My~ CAFHAN, KBAHTOBARAWHA
AUM. oy - npomopyauposapkbie mmmysnent npw, INHM, 4, — npomonysue- (.0 EDEMEHE, l;— CRIH3A, KEAHTORAHHLNK HO YDOBHIO

poBanbLie AMTYALCE mpE PHM 31



HcTopudecku nepBbIM BUAOM UMITYJIBCHON MOAYSIUU OBbLI MPEATIOKESHHBIN B
1927 r. A. H. IllykuHbIM METOA HIMPOTHO-UMITYJIbCHOM MOZYJISILIMH, COKPAILEHHO
WM. Konebanus npu LLIUM umerot Bua, npeactapieHHbINA Ha puc. 24. Ummynbebl
BBICOKOYACTOTHBIX KOJIEOAHWH M3Iy4yaroTCs 4Yepe3 OJIMHAKOBBIE IMPOMEKYTKU
BpeMeHU At, MpuyeM JUIMTEIbHOCTh KaXJ0r0 M3 HUX COOTBETCTBYET 3HAYEHUSIM
MOJIyJUPYIOILIETO CHUTHajda B MOMEHT u3iydeHus. [Ipu Takom Buae Momynasuuu
aMIUIMTYJla MMITYJIbCOB HE HW3MEHSETCS, YTO TMO3BOJISIET cpe3arb B MPUEMHOM
YCTPOMCTBE TMOMEXH, MCKAXKAIOUE AaMIUIMTYbl MPUHATHIX UMITYJbCOB. Ero
HEIOCTAaTKOM SIBIISIETCSI HEOOXOIMMOCTh BBIOOpA IMOJIOCHI MPOITYCKaHUS MO CaMOMY
KOPOTKOMY uMITyabscy. lIpu 3TOM OHa mosy4aeTrcss W3JIMILHE IIUPOKOM JUIsl BCEX
OCTaJIbHBIX 0OJiee JIMTENbHBIX UMITYJIbCOB. Paciipenue e moiochl IpoIyCcKaHUs
IPUEMHHUKA IPUBOAUT K MPUEMY OOJIBIIOTO KOJINYECTBA MTOMEX.
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Puc. 24 . Kone6anus mpu IHHMM

==

dakTuyecku, MUPOTHO-UMNyiIbcHass moxayisauus (LHUM, anmi. Pulse-width
modulation (PWM)) — npubnuxeHue xeraeMoro curHaia (MHOTOYpPOBHEBOTO WIIU
HETPEPhIBHOTO) K JACHCTBUTEIHHBIM OMHApHBIM CHTHaJaM (C JIByMsl YPOBHSMH -
BKJI/BBIKJI), TaK, YTO, B CpPEJHEM, 32 HEKOTOPBIA OTPE30K BPEMEHHU, WX 3HAYCHUS
paBHbl. DOpPMaTIbHO, 3TO MOYKHO 3alUCaTh TaK:

2
f p(tydt =Y A AT,
t

1
rae x(t) - JkemaeMmblii BXOJHOW curHanm B mpemene ot tl go t2, a ATi -
npoaomkuTenbHocTh 1 -ro HIMM ummnynbeca, kaxgoro ¢ ammutynod A. ATi
noa0UpaeTcsi TaKUM 00pa3oM, UTO CyMMapHbI€ IUIOMIAM (SHEPTUU) 00eUX BEJIMYUH

NPUOIU3UTENTHLHO PABHBI 32 JOCTATOYHO MPOJOJIKUTENBHBIA MPOMEKYTOK BPEMEHH,
PaBHBI TAKXKE U CPEIHUE 3HAYCHUS BEJINYMH 32 IEPUOL:

Jox@)dt _ Y AxAT,
t2 — t1 t2 — 11
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VYrpapnsgembiMi "ypOBHSIMH', KaK MpPaBUIIO, SBJISIIOTCS MapaMeTpbl MUTAHUS
CHJIOBOM YCTaHOBKH, HAallpUMep, HAMNpsOKEHHE HMITYJIbCHBIX MpeoOpa3oBaTeneit
PEryIATOPOB IOCTOSHHOTO HANPsDKEHUS WM CKOPOCTh AJIeKTponsurarens. s
MMITYJIbCHBIX UCTOYHUKOB X(?) = Uconst cTabunmn3aium.

HIUIT — mupoTHO-UMIYIBCHBIN MpeoOpa3zoBarenb, reHepupyroumii [HINM-
CUTHAJ1 MO 3aJaHHOMY 3HAQUEHHMIO YHOPABISIOWIETO0 HanpsbkeHus. OCHOBHOE
nocrouHctso MMM — Beicoknii KIIJ[ ero ycuinreneii MOIIHOCTH, KOTOPBIM
JIOCTUTAETCS 3a CUET MCIOJb30BAHUS UX MCKIIFOUUTENIBHO B KIIHOYEBOM PEKHUME. ITO
3HAYUTENIbHO YMEHbIIIAeT BBIJIECIEHUE MOIIHOCTH Ha CHUJIOBOM IpeoOpa3oBarelie
(CID).

[IIMM ecTp UMMYIBCHBIM CHUTHAJI MOCTOSSHHOW 4YacTOTbl M INEPEMEHHOMN
CKBO)XHOCTH, TO €CThb OTHOILICHMUS IIEpUONA CIECNOBAaHUS MMIYJIbCa K €ro
JUTUTENBHOCTHU:

Takum o00pa3om, A7 HMMIYJIBCHOTO CHUTHAla CIPaBEJIMBBI CIEIYIOIINE
COOTHOLIEHUS:

_r_1

==
rie S— CKBaXHOCTb, D— kosdduuuent 3anonHeHus, T— mnepuon
UMITyJIbCOB, T— JUIMTEIBHOCTh HMMY/bca.C TOMONIBIO 3aJaHUsl CKBA)KHOCTHU

(JUTMTETBHOCTH UMITYJILCOB) MOYKHO MEHATH CpeHEe HallpsbkeHue Ha Boixone LIIVM.

['enepupyeTcst aHaJIOrOBBIM KOMIIAPATOPOM, Ha OTPULIATENBHBINA BXOJ KOTOPOIO
NOJAETCA ONOPHBIM CUTHAJI B BUIE «IWIbDY WIH «TPEYroJbHUKAa», a Ha
MOJIOKUTETBHBIT — COOCTBEHHO CaM MOIYJIHPYEMblii HENPEPHIBHBIA aHATOTOBBIN
curHajia. Yactora HMIYJIbCOB COOTBETCTBYET 4YacTOTE «3yObeB» NMWIbL. Ty 4acTh
nepuoza, Koraa BXOJHOM CUTHAJ BBIIIE ONOPHOTO, HAa BBIXOJIE MOJYYAeTCsl €IMHULIA,
HUXKE — HYJIb.

B undpoBoii TeXHHKE, BBIXOABI KOTOPOW MOTYT MPUHUMATh TOJBKO OIHO M3
JIBYX 3HAYEHHH, MPUOIMKEHHUE KEIAaeMOro CPEIHEro0 YPOBHS BBIXOAA MPHU MOMOIIH
[IIMM sABisSIETCA COBEPLICHHO €CTECTBEHHBIM. (XeMa HAaCTOJNBKO K€ IMpOCTa:
NUI000pa3Hblid curHai renepupyetcss N-OuTHbIM cuétunkoM. Lludpobie ycTpoiicTBa
(LIIUAIT) padoTaroT Ha (PUKCUPOBAHHON YACTOTE, OOBIYHO HAMHOTO MPEBbIIIAIOLIEH
peakLuIo YIpaBISIEMbIX YCTAHOBOK (Iepequckperusanus). B mnepuoasl Mexmy
(GbpoHTAaMHU TaKTOBBIX HUMITYJbCOB, BhIXon L[ILIWII ocraércs cTrabuiabHbIM, Ha HEM
NercTByeT MO0 HMU3KUM ypOBEHb JMOO BBICOKMM, B 3aBHCHMOCTH OT BBIXO/A
mu(poBOro KOMIIaparopa, CpPaBHUBAIOIIETO 3HAYEHHE CYETUYMKA C YPOBHEM
npubnmxaemoro uudposoro curHana V(n). Bwixom 3a MHOro TakTOB MOXKHO
TPAKTOBaThb KAaK Yepely HMIYJIbCOB C JBYMs BO3MOXXHBIMU 3HaueHHsMU 0 u 1,
CMEHSIOIUMH Jpyr-Apyra kKaxasld TakT T. YacTtora mnNosBIEHUS EIUHUYHBIX
UMITYJIbCOB TONYYaeTcs MNPONOPLUUOHATIBHON YpPOBHIO MNPUOIMKAEMOro CHUTHAJIa
~V(n). Eqununpl, cneayronme oaHa 3a Apyroi, GopMUpyOT KOHTYpP OJHOTO, OoJiee
HIMPOKOTO UMIYJIbCA. [IUTEIbHOCTH MOTYYEHHBIX HMITYJIbCOB IEPEMEHHON ITUPUHBI
~V(n), kpatHel nepuoay TaktupoBanHusi T, a uvacrora paHa 1/(T*2N). Huzkas
4acTOTa O3HA4YaeT JUIMTENbHBIE, OTHOCUTENBbHO T, MepHOAbl MOCTOSHCTBA CHUTHAJIA
OZJHOTO YPOBHSI, UTO JAET HEBBICOKYIO PABHOMEPHOCTh PACIIPEACIICHHS] UMITYJIbCOB.

OnucanHass uudpoBas cxema TEHepaluM NOoANanaeT IO0Jd OIpeIeiIeHNue
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OHOOUTHOM (ABYXYpPOBHEBOI) MMITyIbCHO-KOOBOM Momymsaiuu (MKM). 1-6utnyto
NKM moxnO paccmarpuBark B TepmuHax [IIMM kak cepuro mMIynbCOB 4acTOTOM
1/T n mmpunoii 0 mu6o T. [lobutbest ycpeaqHeHUs 32 MEHEe KOPOTKUN MPOMEKYTOK
BPEMEHU TMO3BOJSET MMEIOUIAscsd MNepeaucKpeTu3anrs. BBICOKMM KauecTBOM
oOnaznaer Takas pa3sHOBHAHOCTH ofHOOMTHONM MKM, Kak HMMIyJIbCHO-TUIOTHOCTHAs
monayisitiusi  (pulse density modulation), kotopass emé HMEHYeTCsS HUMIYIbCHO-
YaCTOTHON MOIYJISILIAEH.

BoccranaBnuBaeTcsi HENpepbIBHBIM aHANOTOBBIM CHUTHAI apupMeTHYeCcKUM
YCPEIHEHUEM HMITYJIHCOB 32 MHOTO MEPUOMIOB MPHU MOMOIIU MPOCTEHIIEero (GuibTpa
HU3KUX 4YacTOT. XoTd OOBIYHO Jake JTOro He Tpedyercs, Tak Kak
AIIEKTPOMEXAHUYECKHE COCTABJISIONIME TPUBOAA OO0JIaIal0T HMHAYKTUBHOCTHIO, a
00bekT ynpasnenus (OY) — uHepuueit, umiyinbebl ¢ Beixoaa LN crinaxkuBarotcs u
OY, npu nocrarounoid yactore IIMM-curnamna, Beaé€r ceds Kak OpH yHopaBiICHUU
OOBIYHBIM aHAJIOTOBBIM CUTHAJIOM.

Ha puc. 25 HaBemena cxema IIMPOTHO-HMITYJIBCHOTO Moxayisaropa. Ha
nornyeckux 3nementax Ul.1 u Ul.2 cobpaH reneparop npsiMOyroJIbHbIX HUMITYJIbCOB
yactotod 48 kl', vHa Ul.3 u Ul.4 — ogHOBHOpaTop, CKBaXXHOCTh €r0 3aBUCHUT OT
BxoaHoro HanpspkeHuss Uin. Ilomoca wactor momynstopa or 0 mo 16 kI,
KOO UITMEHT HEIUHEWHBIX MCKaXeHU Ookojio 1%, 3aBUCUT OT HaYaJbHOIO
cMeleHusa Ha TpaHsucrope Q1 u 3a7aéTcsi mepeMEeHHbIM PE3UCTOPOM.

\_Ig[
T

Iz

Puc. 25 lupomHo-umnynvcHuiii MOOYIAMOP HA 1OCUYECKUX INeMEHMAX.
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JleTeKTHpPOBaHME KOJIeOaHMIA.

JleTekTOp npHeMHHKa NpeJHA3sHaueH /sl BbiLEJeHH§ NOJe3HOH uH-
¢bopmaley K3 NpHHATHIX MOAYJAHPOBAHHLIX KOJeOaHuW BBICGKOH ua-
crotel. CrnepoBaTeNlbHO, B JETEKTOpPE NPOHCXORHT mpouecc, oOpathbiil
npolieccy monynsinuy, OH Ha3nBaeTCs AeTeKTHPOBAHHEM.

B npHeMHHKaX NpsiMOTC YCHJIEHHS [NETEKTOP CTABHTCH IIOCHE YCH-
JIHTEeNA HANPAKEHHS BLICOKOH YaCTOTHl, B CyNepreTepOaHHHBIX TPHEM-
HHKaX — MOCHE YCHIAMTEAS HaNpsizKeHHs TpOMEeKYTOUHOH yacToThl. Ta-
KO JETeKTOp MOKHO Ha3BaTb CHIHAJBHBLIM, IIOCKOJILKY OH oOCylie-
CTBJASIET mpouecc npeodpasopaHusi MOAYJAHPOBAHHOTO HaNpfaxKeHMHS BEL
COKOH HJH NPOMEXKYTOUHOH 4acTOTH B HanpsiKeHHe TOIO NOJIE3HOT
CHIrHaNa, AJiA npHeMa KOTOpPOro H Iipe/lHasHataercs PaJMOnpPHEMHO
ycTpoiicrso.

ITockonbKy mMopyasiiuss Moxker OBITbL aMIJIMTYAHON HJIM 4acCTOT-
HOH, TO H IETEKTOPHl OLIBaloT aMIJIMTYyIHLIE H YaCTOTHHIE.

AMnfiutynHele feTeKTopn MPHUMEHSIOTCH [a8 [eTeKTHPOBAHHA He-
MOJyAHPOBAHHEBIX HJH aMIVINTYHO-MOAYAHpPOBaHHKX koneGanuil. Ta-
KHe Kone6anus MOIYT OBITb HelPepulBHBIMH HJIH HMITyJbCHBIMH.

HacToTHbIE [deTEeKTOpbl MPUMEHSAITCA A8  [eTEKTHPOBaHuS 4a-
CTOTHO-MOIYJ/HpPOBaHHLX KoneOanuit. OHH mnpeAcTasisiior coboii coBo-
KyHHOCTb npeoOpasoBarenss MOAyJAAIHH C aMNJHTYIHBIM JIETEKTOPOM.

AmnnurynHeifi netekrop GeiBaeT HeoOXOAMM M AN APYrHX IleneH,
Bez amMnautTynHOro neTeXKTHpPOBAHHS HEBO3MOMKHO OCYIeCTBETHL IIpO-
necc rpeobpasosanis YaCTOTH, & OH COBEpIIEHHO HeoOXomuM B Cy-
nepreTepoAHHHCM pajgHonpHeMHuKe, AMIUJIHTYIHBE [ETEKTOpPbI [pH-
MEHSIIOTC TaKXke B CHCTEMax aBTOMAaTHYECKOH [OACTPOHKH YacCTOTH
reTepofHHa NPHCMHHKAZ M B CHCTEMaxX aBTOMAaTHYECKOH peryJaHpOBKH
yCHJIEHHS,

Bo Bcex cllyuasix npollece IeTEeKTHpPOBAHHA OCHNBAaH Ha HCIMOJIb30O-
BAHHHM HeJIHHEHHLIX CBOHMCTB Kakoro-JHGo 3aeKTpoHHOro mnpubopa.
JlamMnoseie feTeKTope OnlBalOT AHMOMHBIE, CETOUHBE M aHOnHHe. ITony-
NPCBOAHHKOBHE JEeTEKTOph OBIBAIOT JHOMHLIE H TPAH3UCTOPHHIE.

O ceofictBax peTektopa cylsTr no ero napamerpam. OcHoBHEIMH
MmapaMeTpaMy [ETeKIopa SBASIOTCA KO3(QHIHEHT neperayd Harps-
Kenuss Ky u BxopHoe conporusienne Kgz. Yem onum Oonbine, Tem
Jgyulle [eTexTop.

ITonynpOBOAHHKOBEI MO OTJIHYAETCSI OT BAKyyMHOro NHOAA Ha-
JuyHem o6patHoit npopoaumoctH. [1osTOMY BXOHHOC CONPOTHBJIEHHE
LETEKTOpa HA NOJYNPOBOJHHKOBOM [HOIe cpaBHHTeNBHO Mano. Jan-
HOe OOCTOSITENBCTBO BBIHYXKJAeT NpHMeHsTb caalylio CBs3b NOJAyHnpoO-
BOIHHKOBOI'C JIETEKTOpa C KOHTYpoM npeablayiiero kackana (YITY uiu
¥BY). Ouna 6riBaer TpauchopMaTopHol HJAH aBTOTPAHCPOPMATOPHON.
3HaMHUTeNBHO pelke HCMOJb3yeTcsi NOJHOe BKJAOUeHHe KOHTypa.
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Ilpocteniiasi cxema AHONHOIO JETEKTOPa Ha IOJAYHNPOBOJAHHKOBOM

AHoNe H300paxeHa Ha

Puc. 26 QOHa BLINOJHEHA C HOCJeAOBATENL-

HBIM BKJHOUeHHeM Harpys3ki. Harpyska npezcraslieHa pe3HCTOpPOM Ry
u KoHpeHcatopom Cy Ha npaktike napanielibHO 3THM 3/eMEHTaM

6yner

BXJIICUEHO

BXOAHOE

Rzx. cs. T103TOMY nOJIHOE CONPOTHBJIEHHE HATPY3KH

Iy

Puc. 26

Rn.ﬂ =

— RH 'RBX. CJ
Ry + Rpg.ca®

CONpOTHBJICHHE CACAYIOINEro KacCkKala

(4.1)

. Ilpocteimiass cxeMa JMONHOIO JHeTeK-
TOpa Ha NMOAYNPOBORLHUKOBOM JHMOAE

Eciii cjeflylomuil 3a AeTeKTOPOM KacKaj JaMMoOBBH, TO Rpx cn 2>

> R, n Ruu=R,;, a eCJin OH TPaH3HCTOPHBIA, TC Ryu< Ry

Aasi onpenenenns KayeCTBeHHHEIX MOKa3arejeil JeTeKTopa Heo6Xo-
MO 3HATH XapaKi1epHCTHKY AHOAA M BeJHYHHY BXOAHOIO HampsixKe-
HHSl, KOTOpOe MOpH pacyeiax [ONYyCTHMO CUMTATh HEeMONYJIHPOBAHHBIM.
TunnyHasi XapakTepHCTHKa TNOJyNpOBOAHHKOBOIO pauoja Hiobpaxe-

Ha Ha

Puc. 27

OBbluHO n1Jis1 AETEKTHPOBAHHs] HCIIOJB3YIOTCS TO-

yeyHble TepMaHHeBble AMONH. KpeMuMeBble AHOABI NPHMEHSIIOTCS 3Ha-
YHTeJIbHO pexke BBHAY O0Jiblli€H BeJIHUMHBI NPSiMOTO CONPOTHBJIEHHUS.

Lnp, MA 4
S0+
25+
Uosp =80 —40
- i Fet-Stee
104 08 Unp,B
v i/gdp , MA

Puc. 27

Tunuynag Xapaxkrepu-

CTHKA ITOJNYNPOBOAHUKOBOTO JeTeK-
TOPHOro NHOLa

inp)

Spp=tgoy

-
T e

Xo

SMP “he%e viodp

Puc. 28 Hpeanusupopantan xa-
PAKTEPUCTHKA NOJIYNpPOBOIHHKOBOIO 36
NeTEKTOPHOTO AHOAA



Ecin aMnnauTyAa BXOAHOrO HaNpsiXKeHHst NOCTATOYHO BelHka (efi-
HULBl BOJILT), TO IeTEKTOp paboTaeT B pexXHMe, KOTOpBII yCIOBHO Ha-
3pIBaIOT «JHHelHbIM». ECiH aMIJIHTYAa BXOAHOrO HaNpsiKEHHsi MaJa
(MHJLTHBOJIBTEL), TO AeTekTop pabotaer B peXHMe, KOTOpHIH Haabl-
BalOT «KBaJIpaATHUHBIM®.

B «nuHeflHOM» pexXHMe pe3ysibTaThbl JeTeKTHPOBAHHsi NpaKTHye-
CKH He 3aBHCSIT OT (OPMBI XapakrepHCTHKH nuona. Oui ompepes-
I0TCsi TOJIBKO KPYTH3HOH ee NPAMOJIMHEHHOTO yyacTka H O6paTHLIM
compoTHBJeHHeM faHona. [lo3ToMy DpH [eTEeKTHPOBAHHH CHJBHHIX
(GoJBLINX) CHIBANOB XapakTepHCTHKY [HONA MOXHO H3obpaikath B
MpeasusuposanHom Buae ( Puc.28 ). Ilockospky mnpakthuecku

Spp>Susp  TO NPH eTeKTHPOBAHHH OOJBIIHX CHTHAJIOB KO3 (H-
ILiieHT Nepefaun AeTeKTopa nodayuaercs npumepso 0,5—0,8. Ilpn atom
OH He 3aBHCUT OT aMIANTY/bl JIETeKTHPYeMOro CHruaja.
B 3THX yCJOBHSIX BXOIHOE COINpPOTHBJEHHE NETEKTOpa MMeeT BeJiH-
YHRY
Ry n'Roﬁp.

R = 5p o R (4.2)

Ecan caepywomiii 3a feTeKTOPOM KacKaj, BHINOJIHEH HA TPaH3H-
crope, TO B OodbuinncTee caydaeB Ry, <€ Kogp. Torma ¢ pocrartoy-
HOIl TOYHOCTBIO "

Ry fen, (4.3)

HanGoJsee yacto BXOJHOE CONpOTHBJIEHHe LETEKTOpa Ha MOJYIpo-
BOJHUKOBOM [IHOJle MOJYYaeTcs NOpAnKa COTEH OM.

du3nyecKHe MpPOHECcCH, MPOHCXOAALHE B [NeTEKTOpe NpH JeTeK-
THPOBAHHN AMMJINTYIHO-MOIYIHPOBaHHBIX KoJieOaHuil, NOKazaHel Ha
~ Puc. 28-1 M3 pucynka BuaHO, 4TO cpellHee 3HAuenHe TOKa JHOmA
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Puc. 28-1 T'padvru mponecca JeTeKTHPOBAHUSA AMILIUTYIHO-
MOAYAMPOBAHHBIX KOonebaHpy#l NOJYIpOBOAHHKOBLIM JINO/OM

M3MeHAeTCH 110 3aKOHY MOJAVJALMH peTeKTupyemoro curnana. Cre-
J0BaTeIbHO, H BLIXOAHOC HANPsAXKEHHE COOTBETCTBYET Orufarlllefi BbI-
COKOUACTOTHOrO CHrHalna.

B nepeHOCHBIX ¥ XKapMaHHBIX TPaH3HCTOPHHX MOpHEMHHKAX Hanp#-
JKeHHe Ha Bxofle pmercktopa obbluno mano. IToyroMy pexnm nerex-
THPOBAHMSI OKa3LiBaeTCsi KBajpaTHuHeIM. B 3TOM pexiime meTexTop
HMEET CPaBHHTEALHO GoNplioe BXOAHOEe CONpOTHBJIEHHe (TLICAUH OM),
HO OueHb HeGoMbiiofl KO3QQRUHEHT nepefads HanpsixxenHs. Ilpu 310w
K 3aBHONT OT XapaKTePHCTHKHU JHONA H aMIWIHTYILl BXOJIHOTO Hanpsi-
keHns. Hanbonee wacto Kn=0,1—0,4. Besnunsa BXonHOro CONpOTHB-
NeHHsA KBaApaTHYHOIO AeTEeKTOpa MOXeT OblTh Halinena npubJH3N-
TCJIBHO 110 YPaBHEHHIO

[Tockonpky o6GpaTrne CONpPOTHBJEHHe MNOJYHPOBOJHHKOBOro AHOAA
3aBHCHT OT TeMIlepatyphbl, TO H MNapaMeTpLl NEeTeKTOpa 3aBHCAT OT Hee.
3Ta 3aBHCHMQCTbL Oyeillb 3aMeTHA B KBaJipaTHYHOM JeTeKTOpe H MaJo
OUlyTHMA NpPH JE€TeKTHPOBAHMH CHJbHBIX CHIHAJOB.

JocronunerBaMi  fle1eKTopa  Ha OOJYNPOBOAHHKOBOM JIHO/le #B-
JSIIOTCH MOJINOE OTCYTCTBHE HCTOYHHUKOB MHTAHHS, IJHTEJbHBI CPOK
CNyKOBl, MaJpie rabapHThl H XOpOliHe IOKa3aTelH.
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HckakeHnus I/IH(l)OpMaIII/IOHHOFO CUTrHAJa B JHOJIHOM JE€TCKTOPEC.

Brinensiembll B JleTekTOpe MHGOPMANHOHHBII CHrHAJ MOMKeET OKa-
3aThCsi MCKaxeHHbIM. Ecin MHQOpMAUHOHELIA CHrHaJ CJOXHEBI, TO
HCKaXeHHst MOTYT ObITb HeJiHHeHHble H YacTOTHbIe. .

a) Heawnneiinple uckaxenns. OcHopHasi npHYHHA HeJIHHENHBIX HC-
Ka)KeHHl 3aK/auaeTcsl B HHEPUMOHHOCTH JAeTeKTopa, H3-3a KOTOpOoH
orufamulas [eTEeKTHPYEMOro HAaNpSiZKeHHsT MOXeT BOCIPOH3BOJHTHCH
nerouBo. Ilosicinm ckazassoe npumepom. Ha  Ppc.29 BHAHO, YTO
HanpsizkeHHe Ha Harpyske JIeTEKTOpa Uy O6GYCJIOBJEHO MpPOLECCOM 3a-
psifa W paspsjla Konziesncaropa Cn 3apan NpOUCXOLHT yepe3 MHOM,
a paspsz uepe3 pes3ucrop Rn Ecau anementel Cn v Ry BLIGpaHbl mpa-
BHJILHO, TO YyCpe/jHCHHOe Hanps/KeHHe Uy COOTBETCTByeT orudawuiei
perexTHpyemoro kogaebanna. Ho uwacrora orunfawoniein v riiy6HHa Mo-
AyJsiiH He NOCTOSIHHLL Ha NpakTHKe OHH MOIYT M3MEHATBHCH B Hill-
POKMX Tipepesiax.

Ha Pwuc.30 mnoxasan npouecc 0O6pasoBaHNA HANPSIKEHHS Ly MPH
JIOCTATOYHO BEICOKOH MONyJHPYIONlEil yacToTe H 3HAYHTENBHOH ray-
6ute monpynsinpn, Tam BHIHO, UTO HanpsKeHHe Uy BO BpeMsi paspsna
KoHnercaropa Cy u3MeHsieTCs Me/JleHHee, YeM VMEHbIIAETCS aMIJIH-
Tyaa BXOJHOro Bampszhenns. HanpsizkeHne Ha Harpyske AetexTopa He
yCneBaeT CJlefioBaTh 3a H3MEHEHHSMH AMILJIHTYIAHl BBICOKOYACTOTHOrO
Konebanusi, B atoM cayvae HanpsixkeHHe Ha BLIXOJE IeTEKTOpa He
COOTBeTCTBYeT orndaioilleli BXOLHOro Hanpsixkenus. kIndopmanHoHHBIA
CHruaJjl noJyyaercsi HCKaxKeHHLIM,

uBX mUmw uH
T
Ume
1_q ;

Puc. 29 Cxema nuoaHOro neTeKropa NMPHEMHMKA CBS3H H rpadpukn  mpo-
uecca mpeoGpasoBaiis MOJLYJIHPOBANHOTO HANPIKCHH BLICOKOH  4&CTOThLI
B HanpsKeHHe 3BYKOBOH HaCTOTH!
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Puc. 30 Hespnefigple ucKaxenus B AUONHOM JIETEK-
TOpE

AHaJMuTHYECKH [CKA3aHO, YTO paccMarTpHBaeMble HCKaXeHHa OT-
CYTCTBYIOT, €CJH INOCTOSIHHAS BpPEMEHH Harpy3ku LEeTeKTOpa COOTBET-
CTByeT HepaBeHCTBY

¢, Ro<¥I=1, (4.4)

rpe m —xoa(pQuunesT TAYOHHE MOAYJAUUH AETEKTHPYeMOro Ha-
HpsiyKeHHs ;

F,—Boicluag yactora HHPOpMamHOHHOrO cursajia (BbiCLUAS
JacTora MOAYAALHH).

Coortoutedne  (4.4)  HasbiBawT ycaoBHeM Ge3bIHEPLHOHHOCTH
puonnoro perektopa. Ono BepHO sl JI060T0 AHOMHOTO JIeTEeKTopa.
B neTekTope Ha MOJNYNPOBOLHUKOBOM MNHOJE COMPOTHBJEHHE Ry OObIU-
HO OnBaeT MOpsifKa ThICAY OM, a eMKOCTh Cy NMOpSiIKa THICSY IMHKO-
dapaj.

Hennneiiiple lcKaXKeHHsi HHDOPMaUHOHHOMO CHTHANa MOTYT BO3-
HHKaTh MO NpHUHHE 3HAUHTEJLHOIO pAa3JjiHuHsl B BeJIHUKMHe HarpyskH
AJisi OCTOSIHHOIO TOKA JAHOHA H JUISL ero nepeMeHHOH cocTapJsioniedi
3BYKOBOH 4acTOTH. LEC/H BXOIHOE COMpOTHBJEHHE CJeNyIOLIerD Kacka-
aa mano (TpaH3WCTOPHBIN Kackan), TO Ruyn MOXKeT ObITh 3HAYHTEJb-
HO MeHblie Ry B atoM ciyuae BXOgHOe CONpOTHBIIEHHe NDOCTelinel
CXeMbl JleTeKTopa  Puc. 26 | ouedb masno (ypaBHenne (4.3) [Ilo-
5TOMY INPHXOIHTCS NMPHMEHATb OueHp €Jaabyio CBsi3b € KOHTYPOM Mpe-
AbAYIEro Kackana. Ho Torjma cursall Ha BXo/le OETeKTOpa OKasbl-
BaeTCst CTOJAL MAaJbIM, UTO JeTeKTHPOBAHHE MNOJYy4YaeTCsi KBajgpaTuy-
Holv. OHO CONPOBOXKMAETCH 3HAUMTENbHBIMH HeJHHeHHBIMH HCKaXe-
HHSAMH BBIJIEJISIEMOIO CHrHahja.
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Paccmorpum monpoOHee OmHY HM3 BO3MOXKHBIX cxeM AM jgerekropa Ha

BAKYYMHOM JIHOJE.

Hau6onee pacnpocTpaHeHHasi CXeMa TaKOro JETEKTOpa H300pa-
JeHa Ha  Puc.29ga . JDTO AHOLHBIA JIETe€KTOp C NOC/eLO0BATE/IbHLIM
BKIIOUeHHEM COMPOTHBJAEHUS Harpy3kH, B CXeMy KOTOpOrO pobasiesa
nepexo.inast nenb CoRn. @H3HYECKHE TPOUECCH, MPOHCXOIINE B ne-
TEKTOpe, HJIOCTPHPYIOTCSi PHCYHKOM 290 Ha pepxseM rpaguke
H306PAarkeHo HaNpsiKeHHe BHICOKOH YacTOThHl, aMIJINTYyla KOTOpOrO H3-
MeHsiercsi 10 3aKOHy 3BYKOBOH [MacTOTHL. DTo BXOOHOH CHrHal, KOTO-
pHIfi mOIeKHT AeTekTHpoaumo. Ha 3ToM xKe rpauke JIOMaHOM JIH-

uuell TMoKasaH npollecc 3apsifia H paspsia Koupencaropa Cu. Beanun-
Ea HaNpsiKeHHsl Uy 3aBHCHT OT aMIJIHTYABl BXO/HOrO CHrHana, Ecm
aMIJIITYla BXONHOrO CHIHANa BO3pacraer, TO 3aps/l KOHAEHCATOPa
NPOHCXOAMT 00/ce HHTENCHBHO H HanparmenHe Ha HEM pacret. Ecnn
e AMILINTYa BXOJHOFO CHCHAJMA YMeHbIUaercs, TO H HampsKOHHE
pa KOHZeHcaTOpe yMenbinaercs. IlosTomy ¢opMa HanpsKeHHsl Un CO-
OTBETCTBYeT Orufalouleli BHICOROYACTOTHOIC CHrHaja, HeifiICTBYIOLIEro
ra Kkontype LyCr.

Ha cpennem 1paduke puc. 296 HOKasaHO HaNpAXKeEHHE Uy 6e3
yyeTa BbiCOKOUACTOTALIX IlyJbCcalyii, KOTOpbi€ B peasibHBIX yCJIOBHIAX
Manel. iz pamgoro rpaduka BHAHO, YTO HA Harpyske JIereKkropa HpH-

eMOHKA CBSI3H TOJYYAeTCH MyJbLCHPYIOIlee HanpsizKenHe 3BYKOBOH 4a-
croTbl. I1pn nomomu repexonnoi den# CuRn HNPOHCXOAHT BLIC/EHHE
nepeMenHOH CcocTapdsjolllell ITOTO HaNpsXkeHHd. OHo nofaercs Ha
BXOJl YCHIATEJIS1 HH3KOH YacCTOTHL

Bonee mnojHoe MOsiCHEHHe (PHIHYECKHX [pOLEC.OB Hpe/iC1aBjIeHo
ga puc. 30 TAe NOKa3apel JETEXKTHPyeMOe HAUPHKCHHE (JeBbIl
rpa(ux), HanpsKeHue Ha awonxe NHOIA, aHOMHbLIH TOK IHOI& H BbI-
xonHoe Hampskenne. Mz rpaguka anHoAHOr® TOKa BHIHO, HTO €TC
cpeance sHavenne (HOCTORHHAasN COCTaBAAKILAA) C TEYeHEeM Bpe-
MEeHR A3MenseTcs {0 3aKony 3BYKoBofi UactoThl. [losTOMy Ha marpys-
ke R. coznaeTcs HanpspkenHe 3BYKOBOfl 4acTOTHL HTO JKe Kacaercs
BBICOKOUACTOTHBIX TapPMOWHK aHOJHOrO TOK&a, TO AJsT HEX KOHLeHca-
qop Cn HMeeT OYeHb Maj0e CONPOTHBJICHHE, H NMOSTOMY HAMPHKEHHE
BHICOKOI uactoTh Ha Kompencarope Cn HHUTOXKHO Majlo.

Vs BbILLIEH3IOKEHHOr0 CJaefiyeT, 4YTo Konjencarop Cy J07XKeH
MMETh eMKOCTb MOpPSIKa AeCATKOB HJH COTeH nukodapan. Ipakruve-
CKH B TpHEMHHKAX CBSI3H OOLIYHO BCTPEHAKOICs CJCAYIOWHE BEJHYH-
uol: Cu=50—200 n¢; Ry=05-2 Mom; Cp=0,01--0,1 uxpp; Rp=
=0,5—2 Moux.

KosdduunedTom nepenaun HanpsizkeHHst JleTEKTOpa MPHEMHHKA
CBf3H HA3LIBAETCA OTHOLIEHHE AMIVIMTYAB BBHIXONHOrO HalpsXKeHHs
3BYKOBOH 4acTOTHl K aMIUINTyle orufarwuleil BXOAHOIO MOAyJIHPOBaH-
HOI'O HANpsIzkKeHHs BBICOKOH YaCTOTHI:

Un o
Ko=rg —> (4.5)

41



bBoapminM 10CTOMHCTBOM [HOMHOTO [ETEKTOpA sABJAETCS Majiasi
creneHbp HeNHHCHHPIX HCKa)keHMH npu yCJNOBHH, YTO aMIiNTyna fe-
TEKTHDVEMOro Curfana LOCTaTOYHO BeJiHKa. JTO XOpOIUO BHIHO H3
puc. 30 AHonHas xapakTepHCTHKA JHOAA NpaBee TOYKN g MOYTH
NHEeHHa, W MNO3TOMYy MeXXAy NOCTCSIHHOH COCT4BAAIOLIEH AHOIHOTO
TOKa [HOjla M Oorubamwiled BXOJHOTO CHTHaja HMeeTCs JHHefiBass 3a-
BHCHMOCTE. DTO O3HAuaeT, 4TO (GOpmMa HanpsiKeHHsi Ha larpyske je-
reKTopa cooTBeTcTByeT ¢opme orudaroniefl nereKTHpyeMoro Halps-
JKEHHHA.

Henunelinble HCKaxeHHsi B THOAKOM IeTeKTope OTCYTCTBYIOT, €CJil
MHHHMAJbHAsE aMIIHTya BLICOKOYAaCTOTHOIO MOJYJHPOBAHHOrO BXOX-
HOIO HanpsiXKeHHs NpeBblliaer 2—3 6.

L4
v tg L cpednee swouenue
Jemexmupyesuil anoghozo maoxa
cuZHON [ A N U,

Zq
P Fl
r ;_:ﬁ"":ﬂ ./&17 ¥ s T““
""“‘"-—-n—-— \ Hte o /4/////
It ¢

Puc. 30 Ypaguueckoe nsofparkenye TPOIECCOB TPH AHOLHOM JIETEKTHPOBAHHY
aMIIHTYIHO-MO/YJHPOBaHHEX KoseGanuh

HerextupoBanue IIMM cursajioB OCyIIECTBIISETCS TAK K€ KaK M OOBIYHBIX

AM cursajos.
YacToTHBLIC 1€TEKTODDI.

Papnonepenarliee yCrpoiicTBO C YaCTOTHON MOMAyJisinyedl uanyuaer
B MPOCTPAHCTBO 3JIEKTPOMArHUTHEIE KOJeGaHus, aMIJIMTyHa KOTOPBIX
IOCTOSHHA, a4 HaCTOTa H3MEHSIeTCsl 110 3aKOHY nepellaBaeMblX CHNHAJOB,

Fnybuua MOOyJsiuHH 4aCTOTHO-MOLYJNHPOBAHHOrO Koaebanusi oue-
HHBAETCsl MHAEKCOM MOAYNAUHY M, Benuunna uRIEKCa MOAYJISIMH
OnpepessieT MWHPHHY COEKTpa yacToT, H3AYYaeMBIX pafuoneperaroninm
YCTPOHCTBOM, a CNelOBATENLHO, H HeOOXOAHMYIO MONIOCY NpONYCKaHUs
npueMuuka. IIpy ysKOMOJOCHOH 4YaCTOTHOH MOAYJSILHH HeOGXOmUMast
nojioca MPONyCKaHMsl NPHEMHMKA U3MEpSeTCs HeCsiTKaMu KHJIorepl, a
NpH IHPOKONOJOCHOH MOAYJALMH OHA AONXKHA OGLITh NOpsika COTeH
KHJIOTepi.
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1-2 kacxada

Papuocesaab npy NOMOIILH Ha-
CTOTHO-MOAYJHPOBAHHBLIX  KOJIE-
Oanuil ocCyulecTBAsiercss B AHA-
nasone YKB. B srom muanaso-
He BOJH IpakTHYECKH HeT aTMO-
chepHLIX ¥ NPOMBIULIEHHBIX T10-
MeX. 3TO [O3BOJSIET CO3A4BaTh
IpHUEMHHKH YaCTOTHO-MOAYJIUPO-
BaHHLIX KoJieDaHHil C BeCbMa
BBLICOKOH YYBCTBUTENLHOCTBIO,
OrpaHuuuBaeMol TOJNLKO YpOB-
HEM BHYTpPeHHHX INyMOB. UyB-
CIBHTENLHOCTb NPHEMHHKOB ya-
CTOTHO-MOAYJNHPORAHHBIX  KOJIE-
Gaunl MOXKHO ITOJYYHTL B 1—
2 mxe v paxe soie. Kospdu-
IIHEHT YCHJIEHHS MX H3MepsieTCs
MHOTHMH MHJJHOHAMH,

Tunuunast cTPyKTYpHaAs cXxe-
Ma HpHeMHMKa YaCTOTHO-MOJy-
JUPOBAHHLIX KoNeGaHHl npuBe-
nexa Ha puce. 31

®uzuyecKHe Npoueccs, npouc-
XOASIKE B TPHEMHHKE 4aCTOTHO-
MOAYJAHPOBAHHLIX  KoJebaHui,
HAMIOCTPHPYIOTCH Ha  Puc. 32

Ha puc. 3243 yca0BHOH30-
6paxeHo CHHYCOHIANBHOE Ha-
NpsyKeHHe na BXOJie TIpHEMHHKA,
Ero amnnutyna nocrosigea, a
yacToTa H3MEHSIETCS N0 3aKOHY
3BYKQBOTO  CHUTHAJN4, KOTOPLIH
mokasad Ha puc. 326 - Ha-
npsKeHne MNPOMEXKYTOUHOH (Ja-
CTOTbl HA BXONE OrpaHHYHTENHA
(puc. 32B ) MOAYNHPOBAHO
no amnnuryge. OcuoBHOR npu-
yuHON 9TOH BpemHON MOXYJsI-
UHH SIBASIIOTCS BHYTPEHHHE Ly-
MBIl NDHEMHHKA, KOTOpEIe JOCTa-
TOyHO BeNuKd B ¥YBY u ¥4
BBHJAY MX IUMPOKOH NONOCH Ipo-
nyckanusi. 3aKOH H3MEHEHHH
NPOMEKYTOUHOH UYAaCTOTH NPH-



eMuuka (puC. 32r ) TOT e, YTO M 33KOH H3MeHeHusl HacCTOTHI
BXOLHOTO Hanpsikenusi. B pesynbrare paGoOTHl OrpaHHUHTENS] MPOMCXO-
AUT yCTpaHeHMe IApasuTHON aMIJIMTYRHOH MOAYJSIHM, ¥ CHTHaJ] Ha
BXOI€ npeoOpa3oBaTesisi MOLYJSLHH MMEET IOCTOSHHYIO aMIIHTYLY
(puc. 321 ).
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Puc. 32 T'paduxu danpsikeHhli B OpHEMHHKE YaCTOTHO-MOJYJIH-
POBAHHBIX KoJlebanuii

Ha soixone npeobpasoBarens MOLYJALHUN NONyHYAETCH HanpsikKeHue,
u3obpaxennoe Ha puc. 32e . OHO MOAYNMHPOBAHO KaK IO HaCTOTE,
TAK ¥ N0 aMIJIMTyAE. 3aKOH HU3MEHCHHSI aMIVIUTYALl COBITajlaer C 3a-
KOHOM H3MEeHEHHs] YacTOTHL.

AMNIMTYIHO-MOAYJIHPOBAHHOE HANpsiZKeHHe HeTeKTHPYETCsi OOBIu-
HBIM AETEKTOPOM H BBIAENCHHbIH HH3KOYaCTOTHHI CHIHAJ MOXAaeTCsl Ha
BXO[ YCHJIHTENsT HH3KOH yactoTh {puc. 32k ).



Ecnu wacroruo-moLynupoBanHoe KoJeGaHHe (HMK) ¢ snixonma
OrpannuuTenst nOAaTh Ha BXOJA OCBIYHOIO NETEKTOpA, TO HA €ro Ha-
rpyske Gymer Co3[laHO MOCTOSIHHOE HAaNpPSIKEHHE, T € BLIAEJeHHA Hi-
popMaunounoro cureana we npousolifer OGDSICHSIETCS 5TO TeM, YTO
BEJIMIHHA BLIXOXHOTO HANPSIXKEHHS TaKOrO [eTeKTOpa NpOnOpLHOHA/Db-
Ha aMIJIMTyJle BXOJHOI'GC CUrHajla M He 3aBHCHT OT ero yacTOTHl

Iosromy B npuemnuke UMK mepex HereKTopoM Bcerfa MMeercs
npeoGpasosatens MOAY/ISUHH, B KOTOPOM HACTOTHO-MOJLYJHDOBAHHOE
Harnpsixende NpeBpailaercs B HanpsixeHHe, MOAYNHPOBAHHOE 1O aM-
nnuryne B pesyibTate Takoro npespaileHus joayuyaeTcsi BHICOKOYA-
CTOTHBIH CHI'HAJ C JABOHHOR MOy sinuedt

ITpeoGpasopanve MOAYASIUKMH OCHOBAHO HA HCMOJBL3OBAHHH 4YaCTOT-
HBIX H (ha30BBIX CBOACTB KoJe6GaTesNbHEIX KOHTYpOB

CoBOKYNHOCTL npeobpasopatTelss MOLYMSIHH € aMIJHTYAHBIM [e-
TEKTOPOM IPHHSITO HA3LIBATL YACTOTHHIM [AETEKTOPOM BOALIIUHCTBO
YaCTOTHBIX NETEKTOPOB BLINOJNHSETCS C ABYMsi JHOogaMM Maorue Ba-
PHAHTBHl YaCTOTHBIX HAETeKTOPOB HaA3BIBAlOT JHCKPHUMHMHATOpaMH

a) JlnckpuMuHaTtop € pPacCTPOEHHBMH KOHTYpaMmMH

Taxas cxema ouedp npocra Ouna usoGpaxeHa wa Ppc.33 Kon-
typ L,C, siBNsietcst Harpyskofl [OCJeAHErO YCHAHTENBIOrO npubopa
(namnbl wiy rpaHsneropa) kanana YIIY On Hacrpoen Ha CpegHIoN0

Puc. 33 Cxema nuckpumumaropa ¢ paccTpo-
EHHBIMH KOHTYpaMH

MPOMEXYTOUHYIO HaCTOTY npHemnuka Hanpsxenue u; MmeeT mocTosiH-
HyIO aMILTHTYAy, @ €ro 4acToTa H3MEHSIETCS M0 3aKOHY uH(OpMALHOH-
HOrO CHrHana JlaHHBIl CHIHAJN CUMTAEM NPOCTEHlINM 3BYKOBLIM KOJe-
Gannem

Kortypel LsCy n L3Cy cHMMETPHYHO pACCTPOEHBl MO OTHOMIEHHIO
K Kou1ypy L€, Pe3oHaHCHBIE XapaKTepUCTHKH KOHTYpOB AUCKPHMH-
HaTopa H3oGpaxenn Ha Pyc 34 OHH NOKAasLIBAIOT 3aBHCHMOCTE
aMIJIUTY B NIEPEMEHHOT0 HanpsizkeHns Ha xoutypax LeCy u LsCs ot
BeJIMUMHBI [I[POMERYTOYHOR YacTOTHl NMpHEMHHKa E.cau fop=fo1, TO na-
Opsimenus Ha OGOHUX KOHTYpaX OJMHaKOBB Ecnu npouMCXomuT ymeHb-
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IieHHe TIPOMEXKYTOUHOf uacToThi, TO HanpspkeHne Ha Kourtype LoCo
pacret, a Ha kourtype LsCs ymenpwaercsi [lpu Bospacramyin IpoMme-
JKYTOYHON YacToTH HanpsizkeHHe Ha KOHType LyCy yMeHbluaercs, a Ha-
npsizkenre Ha Koutype Ls;Cs yeesmuupaetcs. Takum 06pasoMm, nsmMeHe-
HHE IPOMENKYTOMHOH YacTOTH NMpHEMHHKA IIPHBOAMT K NMPOINOPHHOHAb-
HOMY H3MEHEHUIO AMINIUTYJbl HANPsDKEHWsT Ha KOHTypaX AUCKPHMHHA-
TOpa, a4 CJefoBaTEJBLHO, U Ha Ha-
UmzUms rpyskax AHOAHBIX JeTEKTOPOB.
Konmyp Lo 0o Kowmyp L3 Us Wnmoctpanus fpoecca neTex-
THPOBAHHS! 4aCTOTHO-MOMYIMPOBAH-
HBIX KosneOaHuil B JUCKPUMHHATOpE
apuBeneHa Ha Puc. 35 Hssrtoro
PHCYHKA BHIHO, 4TO 4acTOTa KoJe-
Oanuil H3MeHsieTcsl BO BCex KOHTY-
pax opHOBpeMeHHO (KoseGauusi
BLUIYIKAeHHble). AMIuTysa Koje-
Oauuit HA KOHTYpax HIHCKpPHMHHA-
TOpa U3MEHSIeTCsl B NpOTHBO(pA3e.
3aKOH H3MEHEHHs BLIXOJZHOIO Ha-
NPsizKEHNsi COOTBETCTBYET 3aKOHY U3-
MEHEeHUS] MPOMEXYTOUHON YaCTOTHI.
Benuunna BBIXOXHOrO Hanpsizxe-
HUS DTUCKPHMHHATOPA HAXOAUTCH B
NPSIMOK  3aBHCHUMOCTH OT CTENEeHH
H3MEHEHHS 4acTOThl BXOJAHOTO Ha-
MpsizKenHsi. 370 XOPOLIO BHAHO H3
OCHOBHOW XapakTepHCTHKH AHCKDPHU-
muHatopa { Puc.36 .8). Oua no-
Ka3blBAET 3aBHCHMOCTb MIMIOBEH-
HbIX 3HAaYeHHH BBIXOAHOTO HANpPSi-
Puc. 34  Pesonancuble xapaktepu- MKEHHS NUCKPUMHHATOPa OT NIpoMe-
CTHKH KOHTYPOB JIHCKpHMMHATOpA JKYTOYHOH YacTOThl IPHEMHHKA NpH
3aJaHHON aMININTyIe Ha KOHType
. OrpaHH4YHTEIS.
Ocuopiasi xapakTepuCTHKa JUCKPHMHHATOpPA MOKET OLITh nosyue-
HA HA OCHOBAHHH NPOCTHIX paccyxaeHuit. Y3 cxembl JUCKpHMHHATODA
BHIHO, UTO MTHOBEHHLIE 3HAUEHHS HaNpsRKeHHB U4 ¥ Us NPONOPLHO-
HaMbHB AMIVIHTY[IHBIM 3HAUEHMSIM HanpsbkeHd# Ha KoHTypax LoCp H
L3;Cs. 3anuchBaeTCs 3TO TaK:

ué = Kn - UmQ;
Uy = Kn Ny I-/m:h

riae Ky — Kos(pOuuyuedT nepefiauy HaNpPsDKEHUSt AHMOLHBIX JETeKTOPOB.
IMocKONBKY aMIVINTYAA HaNpspKeHHsl Ha KOHTYPaX AHCKPHMHHATO-
pa sasucut ot 9acrotel UMK ( Puc. 36 @), TO W HanpsiXKeHHsi Ha Ha-
IPY3Kax AETEKTOPOB HMEIOT aHAJOTHYHYIO 3aBHCHMOCTL (  Puc. 36 6).
Hanpsixkenye Ha BEIXOZE€ AHCKPHMHHATOpA (MPHOBEHHBLIE 3HAYEHHS)

s

3AKOH UIMECHEHUSR YOCTIONMS]
BXO0OHO20 HANDANEHUR

Uy = Ug— Uy,
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Ecan nmpomexyTouHas 9acToTa NPHEMHHKA fap=fo1, T0 Upms=Ums
u Us=u,. [losTOMY Uprx=0.

Ecan fop<fo1, T0 Umg<Ume 8 us<us. B 3TOM ciyuae shixonHoe Ha-
npszKeHde AHCKPHMHHEATOpPA MOJYyYaeTcs OTPHIATEIbHBIM.

Ecau fip>fo1, T0 Uma>Umg ¥ us>uy. CenosaTensno, HANPAXKEHHE
Ha BBIXOJle NHCKPHMHHATOPA OKA3HIBAETCH MOJOXKHTENbHEIM.

U frp mun fop maxc fup sum Tap maxe
o LA AANR A N ARMINMARARAAA /A /A ARALAIGARBARANDY A
TAVAIRY VV JVVTRITRI UV T VV l!HHHHIHH' t
f, ! L
. np} ¢ b
n

u;

0

Puc. 35 Tlponecc serexTHpoBaius YacTOTHO-MOAYIHPOBAHHKIX
koJiefannii B AMCKPHMHHATOPE € JBYMA PacCTPOSHHBIMH KOHTY-
paMH

B mpenenax moJocH YacToT OTfy, O fy, MeXNy BeNHYHHON BHIXO-
HOTO HANpPAXKEHHS HYacTOTON CHrHANa uMeercs JHHEfHAR 3aBHCHMOCTD.
D10 obbacHAeTCH TeM, UTO KPHBH3HA YACTOTHON XapaKTepHCTHKH KOH-
typa LoCy KOMNEHCHPYETCH KPHBH3IHOH YACTOTHOH XapaKTepHCTHKU
koHTypa L3Cs.

Jlns nosyyeHHss OCHOBHOH XAapakTEPHCTHKH HHCKpUMHHATOpa 00-
paTHoro 3Haka (NoxkasaHa NyHKTHpoM) Hano KoHTyp LoCp HacTpoHThb
HA 4acToTy fos, 8 KOHTYP LsCs Ha uactory foe HaM 3aMKHYTE HA KOpIyC
BEPXHKI BHIXOLHOM 32XKHM BMECTO HHKHEIO.

47



HenocraTkom paccMOTpeHHON cXeMBl AHCKpHMHHATOpPA SIBASIETCS
CJIOKHOCTL HACTPOHKH €ro KOHTYPOB, KOTOPble HACTPAUBAKITCA HA Pas-
JH4HbIe YacTOTH. CJA0XKHOCTL 3aKA0YAETC B TOM, 4TO OPH H3MEHEHHH

Umz Um3

Puc. 36  IMonyuenwe ocuos-
HOH XapaKTepPUCTHKH JWCKPHMuU-
HaTtopa

HAaCTPOHKH OAHOIO KOHTYPA NPOHCXOAHT
YacTHYHOE H3MeHeHue HacTpOHKH JABYX
APYI'HX KOHTYPOB.

PaccmoTrpenHas cxeMa MoxkeT OBITL
Ha3BaHa JHCKpHMHHATOPOM C 4acToOT-
HBIM npeoOpasoBaHueM MOAYJSLUHH WU
JUCKPHUMHHATOPOM ¢ HCHOJNB30BAHHEM
YaCTOTHBIX XapakTepHCTUK [ByX pac-
CTPOEHHBIX KOHTYPOB.

6) JuckpuMuuatop c $asoBHM
npeobpascBaHueM
MOAZYJASIHH

Hau6omnee pacnpocTpanennas cxema
TAKOro JUCKPUMHHATOpa u3o0pakeHna
Ha Ppc.37 B neit uenonwsyworcs nsa
CBSI3aHHBIX KOHTYypa C OJUHAKOBOH Ha-
CTpOHKO# (nonocoroit punetp). Cesizb Me-
KNy KOHTYpaMH UHYKTHBHO-eMKOCTHAsI,

Konrypn nacrpoennl ua cpenuioio
IPOMEXYTOUHYI0 4YaCTOTY IpHEeMHHKA.
IlosToMy amnnutyna wnanpszkenuft wa
000HX KOHTYpaX HEH3MEHHA.

Emxocts konpencatopos Cs, Cy u Cs
BbIOMpaeTcs Tak, YTOOBl UX CONPOTHBJe-
HUE TOkaM NPOMEXKYTOYHOH 4YacCTOTH
Owiio MaJso. Pesucropu Ry n Re oguua-
koBble. JIpoccean Ly npenHasuauen ans

IPOXOXACHUS NOCTOSHHBIX TOKOB auofoB. O6wmumno Lg= (10--20).L;.
Huonwt [y v Je MO BOCTOSHOMY TOKY BRJIONEHB! AP AJELHO.

Puc. 37 Cxema auckpuMunaTopa ¢ (a3oBbiM npeoGpaso-
BaHHEM MOLYJISHMH
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N3 cxemsl BunHO, uTo Apoccenb Ly no nmpoMexyTouHof yacTore Moj-
Kaioued napannedbuo Koutypy L,C). IlosroMy nanpsaxenns na npocce-
Je H Ha MepBHUHOM KOHTYpe MOJOCOBOro QPUILTpa onyHakosw (Mo Be-
Juydne ¥ no ¢ase). [locrosucTso aMnauTynsl Hanpaxenus 4; obecrne-
yHBaeT nocaeHuil Kackay kanana ¥YIIY, paboramowmuil B pexxume crpa-
HAYeHHA. DTOT KacKajy MoxeT OBTb JAMINOBHIM HJIH TPAH3HCTOPHBIM.

B) lpo6buufi aetextop

Tunosas cxema npoOHOro HeTEeKTOpa HsobpakeHa Ha  Puc. 38
Ona ommnuaercst OT MpeAbIIylleli PA3HONOASAPHBIM BKJIOUEHHEM JHO-
noE (OHH BKJIOUEHHl MOC/IeA0BATENbHO HO NOCTOSHHOMY TOKY) H Ha-
JuuneM Kouzencatopa C; Gonelnoft eMKocTH. BeIXomHoe Hampsikenue
JleTeKTOpa CHUMAaercd ¢ rOpu3CHTANLHOH JuaroHamx mocra. Ero mpa-

Cs ™
v | Y Y

L, Ly ¢
J- ‘ iﬁg 1 uexz | 4
Gy Uy Up 3202 >

T i‘;g 1 Hex1

ICG rﬂi

Puc. 38 Cxema npoBroro netektopa

Bble IJieUH COCTOSIT H3 pe3dCcTOpoB Ry H Ry, a JeBHe — H3 KOHIeHCATO-
poB C3; u C; HanpsxeHHe Ha BepTHKaJbHOH mUArOHAAH MoCTa
us+u, Bceraa nocrosnHo. Ouno crabuavsnpoBano koHgeHcatopom Cr,
KOTOpHH oOBIUHO ObIBAET IJEKTPOAHTHUECKHM.

Ecnu na Bxozxe nerexkTopa HefiCTBYET HeMOLyJHPOBAHHBI CHIHAJ,
T. € CHI'HaJ HOMMHAJBLHOH MPOMENKYTOUHON 4YAaCTOTH, TO HalpsAKeHus
Usxy H Upxg UMEIOT OLHHAKOBYIO aMIVIMTYNy. B srom cayuae Hanpsike-
HHA Ha KoHLeHCaTopax Cg W (4 pasubl. Ilpy 3TOM ug paBHO Hampsixe-
HHIO HA Pe3uCTOpe Ry, & 4, PaBHO HANPAKEHHIO HA pesncTope Ro. Oue
BHJIHO, UT0 B 3TOM ciy4ae Upux=0. Taxkofi pesyabrar nonysaercs npu
JNI000M YpOBHE BXOAHOIO CHTHaJja.

Ecmy npomexyrtounas uactora IpHeMHHKa Bo3pocaa (fp>f0). 1o
Upx1 > Ugxe. CoOTBETCTBEHHO 13>, Ho Tak Kak HanpsKeHHA Ha pe-
sucTopax Ry ¥ Ky ocTanuch IpexkHHe, TO HA BBIXOE LETEKTOpa mefi-
CTByeT OTPHUATENbHOE HaNpsiiKeHHe (OTHocuTeslbHO Kopryca). Ero pe-
JRuHHa TeM OoJblle, 4eM BHILE NPOMEKYTOYHAS YACTOTA.
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Ecau npomexyTouHas yactoTa NpHeMHHKA OKA3aJach MEHbILE HO-
MHHaAbHOH (fup<<fo), TO Upxi< Upxs. COOTBeTCTBEHHO IIOJYyUAETCS
u3<<us ITosTOMY Ha BHIXOZE CXeMHl AefICTBYeT IOJOXKHTENbHOE HAIps-
xeHue. Ero Benuuuna teM Gosbine, YoM HuXKe NPOMEXKYyTOUHAS 4aCTOTA.

M3 ckazannoro caenyer, yto (GH3MyecKue MpolecCH B JIO6OM ua-
CTOTHOM Je€TeKTOpe ¢ (pa3oBHM npeoOpa3oBaHueM MOLYJSIIHYU IO Cyllile-
CTBY oauHakoBole. OTnuuusa eCThb TOALKO KoauuecTBeHHble. OIHO w3
HHX 3a8KJAI0UaeTCsl B TOM, UTO BHIXOAHOE HaNpsixeHue ApoOHOro nerek-
TOpa B fBa pasa Meublue, UeM y auckpumunaropa. O0bsacHgercs 5T0
CHMMETPHYHBIM BBIXOJOM APOOHOro meTeKTOpa.

Braouenre Harpy3ky ApoGHOIO [eTeKTOpa B rOpH3OHTAJALHYH HHa-
rOHAML MOCTa CAYKHUT NpuUHHOH OdYenb Cnabof BOCIIPUUMYHMBOCTH CXe-
MBI K NApa3sHTHOM aMIJUMTYAHOH MOAyJSLMH [NETeKTHpyeMblX Koneba-
Hufl. Takas MopynsiHs nposiBasiercs B CHH(A3HEIX H3MeHeHHSIX aMIl-
TyIObl HANPSXKEHHH Upx) U Upxo. [IpU 3TOM JOMXKHBI B paBHOH CTEIleHH
H3MEHSTLCS HanpsizKeHHsl uz U t4. OQHAKO UX cyMMa cTabHJIH3HPOBaHA
konneucatTopoM C7. I1o3TOMy OBHICTphle M3MeHEHHSI CyMMapHOIro Hallps-
JKEeHHS Usz-+Us HeBO3MOKHBL [IpakTHUecKH HanpsiKeHHe HA BepPTHKAJb-
HOH nuaroHanas Mocra HameHsercsl B 30—60 pas meHbllle napa3umHBIX
H3MeHeHHH aMITHTYIB HANpPSKHHUSA 4. DT0 OO6CTOATENLCTBO [M03BO-
JisieT HCKJIOYHTDL U3 CXeMHl NIpHeMHHKA Or paHUYUTeNb.

PaccMmorpeHHas cxema HasbiBaeTcs ApOOHHM HeTEKTOPOM IOTOMY,
4yTO ee BBIXOJHOe HallpsiZKeHHe ONpe/leNAeTCH OTHOIUEHHEM J(BYX Hallpfl-
xenull (Us u us). He Menee uacTo ucrnonn3yercs Apyroe Haspanue fam-
HO# CXeMBbl — «eTeKTOP OTHOLUEHHH».
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IIpeoOpa3oBaTein 4acTOThI.

OcoBeHHOCTL CYIEPTeTEPOIHIHOID TIPHEMHUKA 3aKJIOYaeTCs B Ipe-
oOpasoBaHiy NMPUHHMAEMBIX BHICOKOYACTOTHBEIX Kosebanufi B xonaeba-
HHSL JPyrolt 4acToThl, BCJAHYHHA KOTOPOH ISl NaHHOTO NPUCMHUKA

Ugy A
nnlll
M)

<

asx

a 6

Puc. 39 Hanpsikenusi Ha BXope M BHXOfle npeoBpasoBatess
HacToTh!

Beerfa nocrosiHHa, Fe HaseBalOT MPOMEXKYTOYHOH HacTOTOH, TaK Kak
B GOJBIIHHCTBE CJIy4aeB OHAa HMKE Hecyluefi 4acrtOThl NPUHHUMaeMbIX
KonebGaHuil, HO BHIIE BCEX YacTOT MOJIYJSAUHU.

[Mpogecc mpeoGpa3oBaHUs BHICOKOYACTOTHBIX KoJebaHHi B KoJe-
fauus NpOMEKYTOUHOH 4acTOTH OCYIECTBJACTCH B npeobpa3oBateb-
HOM Kackage npueMHuKa, OOBIYHO €0 Ha3bIBAKT npeobpazonBareseM
yacToThl. B pesysnbrare paboTsl 3TOr0 Kackaja NPOHCXOIHT TOHHKe-
HHe Hecylieil yacToTel (MrHajda M ero OOKOBBIX YacTOT. HO 3aKOH MO-
JVJSIUHH CUrHaJia octaercs HeHaMedHuM (i Pwuc. 39 ),

BenuyuHa npoMerKyTouHON YaCTOTH B PaAHOJOKALHOHHHX IpHEM-
HUKAX papHa [eCATKAaam Merarepi TpW HeCcyUicll uacToTe NpHHHMAae-
MOIO CHTHaJla B HECKOJIBKO COTE€H MWW ThiCAY Merarepii.

IToCTOAHCTBO NMPOMEXYTOUHOH YacTOTHl H €€ CPaBHHUTEJbHO He-
SoJblias BeJHUKHA NOIBOJSIOT HUMEThb B TpPHEMHUKe OoJblioe YHCHNO
YCUJIHTEJILHBIX KacKa/loB, Comepxalinx kojeGaTesbHbE KOHTYDH, He
epecTpauBaeMble B NpoHecce ero akcnayarapuu. braropaps stomy
cyneprerepogHHEbIe IPUEMHUKH MOTyT O6GMajarb OUY€Hb BBICOKOH YYB-
CTBHTEJILHOCTLIO, XOpolle# H30HpaTeNbHOCTE0 M PAaBHOMEPHbLIM YCH-
JeHHeM B npenenax tpebyeMol NoJOChl NPONYCKAHHA.
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Cxemnbl npeoGpazopatenefl YacToTH ObIBAKOT Pa3auuHLIE, HO B JIO-
O0ff H3 HUX UMEIOTCA TETEPOAMH M CMECHTENh. lerepomuH mOpeacras-
aseT ool MaJOMOIHBIN TreHepaTop BCHOMOraTeNbHLIX KoJebaHuh
BLICOKCH Y4CTOTB, NEepecTpauBaeMblii OJHOBPEMEHHO C H3MEHEeHHEM
HHCTpOI‘:IKH BBEICOKOUACTOTHRIX KaCcKalIoB HpHEMHHKa. CMECHTBJII:: 1B~
JAETCH YCTPOHCTBOM, B KOTOPOM INPOUCXOIHT CMElIUBAHUe KoJiebaHu#
rereponHHa ¢ KojJeDaHHAMH NPHHUMAEMOIO CHMHAJAa M JAeTeKTHPOBA-
HHe HX MPH NMOMOIH HEJUHEHHOTD 3JEMEHTA.

Brigenenne HanpsiKeRHs NPOMEKYTOUHOH 4YacTOTH OCYHIECTBJISET-
Csl NIPY MOMOILH PE30HAHCHOH CHCTEMbl CMECHTENs, COCTOAleR H3 on-
HOTO WJIN HECKOJBKHX K0J1e0aTeJbHBIX KOHTYPOB.

Tpauaucropsbie npeobpasoBarenn uacrorbl (TI[Y) ananoruunsl
namnoBbiM, OHH OGHIB2IOT € BHEIUHHM (OTHENBHBIM) TeTePOXHHCOM HJIH
C BHYTpeHHHM (coBMelUenHbiM) rereponuHoM. Bapuanros cxem TITY
CYDIECTBYET OueHb MHOIQ, HO OCHOBHble OCODEHHOCTH TaKHX fpecs-
pasoBaTesiel MOXHO TUSCHHTH Ha ABYX npocrefliuX NpHMepaXx.

Ha  Puc.40 wuscOpaxkeHa ynpomensHas cxema 1IIYH ¢ orpenb-
ubiy rereponuHoM. OHa aHallorHYHa OLHOCETOUHOMY Ipec6pasoBa-
Test0. B D2aHHCH CxeMme HanpsKeHHe CHIHaJa BBeIeHC B Nenb 623w,
a reTepojiHHa B Uenb 3nmuTTepa. Mexay coboll HanpsixKeHHS He H Uy
BKJIIOYeHH noctefoBaresnbHo. CyMMapHOe HanpsiKeHHe Uc-+Ur ITIPH-
JIO’KEHO K SMHITEpHOMY nepexoAy TpaHaucropa. Tpausucrop pabo-
TaeT B PeXKHMe KOJJEKTOPHOTC NeTeKTHPOB2HHSA. Takol pexum obec-
nmeyuBaercs pesucropaM Rei, Res v R, Pesucrop Rey uuoraa orcyr-
creyer. bnaronaps pesucropy R, ocyuiecrsisercs TemNeparypHas
crabuiH3alnug BLIOpaHHOIO pexkHMa tpansHcTopa (3a cyer OOC o
MOCTOSSHHOMY TOKY 3MHTTEepa).

ITockonbKy pexHM TPaH3HCIOp2 HeJHHEHHBIH. TO B COCTaBe ero
KOJIJIeKTOPHOTO TOKZ MMEETCH NepeMeHHAd COCTaBAfIOUl2si PasHOCT-
Hoil pacrorel. Ee amnnuryna nponopLuoHanbHa KpyTH3He nipecBpa-
30BaHHsl. B 32BHCHMOCTH OT HCXOJHOIO pexHMa CMECHTENS H aMILJIH-
TYZAbl HANpsXKeHHs rerepofnHa KpyTH3Ha npeobpazoBaHusi MOKET CO-
craBasTh o1 0,25 no 0,75 KpyTH3HBI TPaH3HCTOp2 Ha YACTOTE CHIH2JA.
Tounasi BeqHuMH2 RaHIOTO N2PaMETPa ONPEAENSETCH SKCIepHMeH-
ranpHO.  IlpH  opHeHTHpOBOUHBIX pacueTax MOXKHO CYHTaTh, YTO
SIIp.MHH == 0,25 3.

Ecan cBsiah Mexny KOHTypaMu nosocoBore ¢umaptpa (I1d) kpu-
THYeCKasl, TO KO3(GHIHEHT rnepenayd nNpeobpa3opaTesisi MOKHO Onpe-
OeJHTb no gopMmyJe

1
KI]!!:T'SHP'RB'pK'pﬁ, (51)

L
rae px-—_.m—i;‘]———- koappunuenr pkmoyennss [1® B uenmp Koanek-

TOpPZ;
L, .
P == mexosc})(pnunem sryouenuss 19 B uens 623wl cje-

OYIOIIErO TPaH3HCTOPA.

52



Omqul S —
| A TETEPORHH
| |

# | |
| Lh’[’ F, l
!’_ :S Cer T
} L - l
} I A—
N 4

Puc. 40 Bapmnaur ynpowentoit cxemsl TITH ¢ oraenbHBIM retepo-
JHHOM

CxeMa rereponuHa Ha Puc.40 He packpoita. Ona mMoxeT GHITb
Jiwoboll. OueBHAHC, 4TC rerepofMH BhHINOJHEH Ha TpaH3Hucrope. He-
[IOJIHOE BKJIIOUEHHE KOHTYpa FeTepolHHZ B SMHTTEPHYIO Hellb CMeCH-
TeJs THNHYHO AJas OoJsiblunHCTB2 npeolpa3soBatedelt. 910 HeoOGXomH-
MO AJs1 noJyueHHs CTa0HJLHOH NPOMEXKYTOUYHOH YaCTOThl IpHEMHH-
ka. C sroil XKe Lesblo reTeponnH (He3aBHCHMO OT CxeMul) paboraer
B pexuMe KoJeGaHHH BTOPOro poAa € YIJIOM OTCEYKH KOJNJAEKTOPHOTO
troka okono 90°. OnruManbHagd a2MOAHTYZA BBIXOJHOIO HanpgKeHHH
rerepoguia Upr 06buno 50—160 M8, YBennueHnne HanpsKeHHS rere-
pPOAHHA COMPOBOXKNZCICH YyMeHbIleHHeM BXOAHOIO M BHXOJHOrO CO-
ApOTHBJIEHHH CMECHTENbHONO TPAH3IHCTOPA, YTO Beerna HeXenatTedb-
HO. OpHeHTHPOBOYHO 3Tu CONPOTHBJEHHS B [Ba pa3a Ooablle, YeM
B YCHJIHTEJLHOM pexuMe Ha NpPOMeKyTOYHOH yacrore. [lo 31oél npu-
HHHE CXeMY CMeCHICISI MOXKHO BBINOJHATL C [OJHBIM BKJIOYEHHEM

KOHTYp2 B Lenb KoJJjekropa. Ha npakTHke tak OblB2eT CpaBHHTEJb-
HO 4acTo.

Ha pyc.41 H300pasken npumep ynpouieHHoil cxemul TITY ¢
COBMEIIIEHHBIM TefeporHHOM. ['erepolHH BHINOJHEH Ha TOM ke TpaH-
3UCTOpPE, YTO H CMECHTeJb. DTO BOZMOMKHO [IOTOMY, YTO B COCT2BE KOJ-
JIEKTOPHOTO TOKa CMECHTeNBHOTC TPaH3HCTOpPa €eCTh nepeMmeHHas co-
CTaBJIgIOIl2g [POMEXKYTOYHOH YacTOThli H HNEpPeMEHHas COCTaBJISIo-
lasi reTrepoONHHHOH HYacTOTHI.
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Puc. 41 Bapuant ynpowennoft cxemer TITYU ¢ coBmemenHBIM rerepo-
JIHHOM

Puc. 42 3kpupanentuas cxema rereponuna r TITY, n3o6pa-
WeHHOM Ha puc. Puc. 41
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Ecnu BXOMHOTO CHIHAaJM2 HEeT, TO PACCMAaTPHBAEMBIH KacKal Bhbi-
nosiHger poab aproreneparopa. Ero ¢axkruueckas cxema unaobpaxe-
Ha Ha  Pyc. 42 ST0 aBTOreHepaTtop C YaCTHUHLIM BKJIHOUEHHEM KOH-
Typa B uens smurrepa. O6parHag cBa3k TpaHchopmaropHag. Cme-
nieHHe KoMOHHHpOBaHHOe — ((DUKCAPOBAZHHOE H 2BTOMATHYECKOE).
Tpanzucrep skawyen ¢ obuiel 62305

HosIBJIEHWEM BXONHOrO CHrHaja xackan paboraer Kak npeob-
p230BaTesb YaCTOTH ¢ KOJJIEKTOPHBLIM aAereKrHposaHueM. [lepemen-
Hasi COCTaBJSIONAS TOKZ NPOMEKYTOYHOH YaCTOThl CO3MaeT Hampsixe-
HHS Ha KOHTypax mnosocoBoro (HJALTPa, 2 TepeMeHHas CoCTaBJsIo-
as reTepONHHHON [MACTOTH TNOANEPXKHBAeT KoJebDaHHS B KOHTY-
pe LiCi. KauecTBeHHBIE TIOKasarelH npecbpasoBaresisi ¢ COBMeIlleH-
HbIM TrerepoanHoM Henbicokue. HenocrarkaMu sABASIIOTCA:  HH3Kas
cT20UNBbHOCT TIPOMEIKYTOYHOH Y2CTOThl, BHICOKHE YPOBEHb BHYTPeEH-
HHX IUYMOB, HECTaOHJNBHOCTE aMIVIHTYAbl HalNpsKeHus reTepofiHHa, a
T2KXe 3aMeTHble HCKawenus npeobpasyeMoro cursaja. JlocToOMHCTBO
npeoOpa3oBaresisi ¢ COBMelleHHBM reTepCiHHOM COCTCHT B SKOHOMHUH
ONHOr0 TDPZH3HCTODA.
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CeJIeKTUBHOCTH PAIMONIPUEMHOIO YCTPOICTBA.

CEJIEKTUBHOCTD (u306uparenbHOCTh) paAHONPUEMHUKA - €T0 CTIOCOOHOCTh
BBIICTISATh TOJIE3HBIM paguoCHTHAN Ha (OHE MOCTOPOHHUX DIEKTPOMArHUTHBIX
kosieOanuii (momex). Beienenue paauocurHalia OCyIlECTBISIETCS HCIOJIb30BAaHUEM
pa3IMYHBIX CBOWCTBEHHBIX TOJIBKO €My MPHU3HAKOB, COOTBETCTBEHHO KOTOPHIM
pa3IMyalT YacTOTHYI0, aMIUTHTYAHYIO, ()a30BYI0, BPEMEHHYIO U JIPyTHE BHUIBI
CenexktuBHOCTh  paguonpuéMuHuka Haubomnee  pacnpocTpaHeHa — YacTOTHas
CEJIEKTUBHOCTh  PAAMONPUEMHHKA, TOCKOJIBKY  HCKYCCTBEHHbIE  HCTOUYHUKHU
pPaZIMOCHUTHAIIOB CO3IAl0TCAd Ha ompeAenéHHble (pasHble) pabodyre paanov4acTOThI
(0OBIYHO HA3BIBAIOTCSI HECYLIUMU YaCTOTaMH) B BBIJECJIEHHBIX (COMIACHO PETIaMEHTY
panroCBs3M) ydyacTKaxX JAMara3oHOB paanoBOiH. CeNeKTUBHOCTh PaJAMONpPUEMHHUKA
OLICHUBAETCS OTHOCHUTEIbHOW HWHTEHCUBHOCTBIO CHUTHaja OT IOCTOPOHHErO
UCTOYHHKA, HApUMEpP PaJWOCTAHIMH, MPHU KOTOPOM 3TOT CHUTHAJI MOXKET OKa3aTh
3aMETHOE MeEIIarollee AEHCTBUE Ha MPHUEM BBIOpPaHHOrO ciadoro curHaiga. OObIYHO
paccMaTpUBAaOT  CENEKTUBHOCTh  PATUONPUEMHUKA TIO COCEAHEMY  KaHaly
(CenekTUBHOCTD pPagUONPUEMHHIKA TPH JACUCTBUM TOMEXH B YaCTOTHOM KaHale,
OmKalIeM K HECYIIeW 4acToTe), a TaKkKe CEIeKTHBHOCTb PaJHONpPUEMHHUKA IO
noOOYHBIM KaHamaM mpuéma (B CyHepreTepoJuHHOM pPaAUONPUEMHUKE - TI0
3epKaJbHOMY KaHaly W KaHally Ha 4YacToTe, PaBHON MPOMEXYTOYHOW YacToTe),
KOTOPBIE YaCTO OKa3bIBAIOTCSI HEAOCTATOYHO BHICOKMMH, YTO MPUBOAMUT K 3aMETHBIM
UCKOKEHMSIM pPaguoCUTHajIa moMexamu. BaxsbiM snementoMm PIIY  sBnsercs
Yeuwnurens [Ipomexyrounoit Yacrorsr (YIIY). Ot mpaBunbHOM HacTpoiiku YITU
IPUEMHHUKA 3aBUCST €r0 YyBCTBUTEIBHOCTD, CEJIEKTUBHOCTD 110 COCEHEMY KaHaly, a
TAK)K€ KaueCTBO BOCIIpOM3BeIcHUS paauoriepenad. Hacrpausaror YIIY npuemunka
BU3YaJIbHO C TIOMOIIBIO OcHMUIOrpada Ui BOJBTMETPA, MOAKIIOUEHHBIX K BBIXOIY
IPUEMHUKA.

Uucao kackapoB YTTU 6miBaer or 2 no 12. HMx obmee ycuieHue
[0 HANpPSXKEHHIO JOCTHraeTr CcOTeH Toicsu. B pesyanratre 3HAuUHTENB-
HOTO W IpHTOM u3bupartensHoro ycusienuss B Y114 npoucxosur okon-
yaTeabHOE BHIAEJeHHe MPUHHMAaeMoro cHraaJga. Ha Bmixonme storo ycu-
Juteass NMPaKTHYECKH HeT MOoMeX, a4 ypOBeHb CHIHAJla NOCTATOYEH AJs
HEHCKAXKEHHOI0 AEeTeKTHPOBAHHS.

Boabmoe unciao kackago B YIIU BosMOXKHO uGTOMYy, UTO mpO-
MeXXYTOYHASI YacToTa NPHEMHHKA NOCTOSIHHA H OTHOCHTEJLHO HEBe-
JukKa. IlocTOSTHCTBO NpPOMeXKyTOUHOH YacTOTH NO3BOJSET TNPHUMEHSATH
B YCHJHTEJaEe CJOXHbIE KoJebatesbHBIE CHCTEMBbl W HACTpauBaTes HX
takuM o6pal3om, utoOH (OpMa YacTOTHOH XapaKTepPHCTHKH BCEro
tTpakta Gna 6JM3KA K npsAMoyrodbHol. Tem campiM obecneynBaeTcs
BHICOKAsl HM306HPATEJbHOCTL NPHCMHHKA NPH HAaJHYMH TpebyeMoH mno-
JIOCHL PONYCKaHHS.

Kackags ¥YITU moxHO KiaccuGpuuupoBath 1O CJeAYyWOIHM IPH-
3H4AKaM.

— [0 THNY YCHJHTeNbHBIX NpHOOpoB (TPAH3UCTOPHLIE H JIAMIIO-
Bhi€);

— 10 cnocofy BKJOueHHs1 YcuauTeJbHBX npubopoB (¢ obumm
SMHTTEPOM, ¢ obmiell 6a30i, ¢ obuum kKaromom, ¢ oOuleit CeTKol, Ka-
CKOJHbiE H [Ap.;
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— 710 BUAY HArpy3Kd YCHJIHTENbHHX npubopos (¢  OAMHOY-
HBIMH KOHTYpaM#, C [OJOCOBBIMH (HUILTPAMH HJAH aNepHOAHUe-
CKide);

— [0 crmocoGy HacTpOHKH KOHTYPOB (C OAMHAKOBOH WM PAasfHy-
HOH HacTpoHKoil);

— MO HIAPHHE NO0JOCH IPONyCKaHHs (Y3KOIOJOCHHE HJIH HIHPOKO-
NOJIOCHBIE) ;

—- M0 BHAY aMIJIHTYIHOH XapaktepHCTHKd (JuHelHble HJH Jo-
rapu¢pMuUyeckHe).

Ilpunnunuansusie cxemp YI1Y GuiBaooT oueHs pasHoobpasnb. Hx
BLIOHPAIOT H3 KOHKpeTHbX TPeOOBAHUMH, IpPEABABISEMHX K MpHeM-

HHKY. K,
Hns nopyepKuBaHusi  clleBUQHUECKHX
CBOICTB YCHJIMTEJSI TPOMEKYTOYHOH HacCTOTHI
ero 4acTo HA3HIBAIOT NOJOCOBHIM. TeM ca- ! L~
MBIM NOKa3LIBAIOT, YTO OCHOBHBIMH Ilapame- fop f
rpamMu YIIU sasasiorcss nosoca nNponyCcKaHus 2AF"
H KO3 QHUHEHT YCHIICHHS. -~
. K
2. ¥4 ¢ opHOXOHTYPHBEIMH KaCKanamH I
]
Yeunurtesnn ¢ OMHOKOHTYDHBIMK KacKafa- / Ly ——
MH NPHAMEHSIIOTCA TIJIABHBIM 00pas3oM B pa- *"'
JHOJIOKALHOHHBEIX NpHeMHuKax. [losromy onu |24

OTHOCSITCA K KaTeropHH HIHPOKONOJOCHBIX
ycunuTeneil. CxeMbl HX KacKaJOB aHaJoruu-
Hbl TE€M, KOTOpble NPHMEHSIIOTCSI B YCHJHTE- K=K, Ko,
51X BBICOKOH yactotel. [losyueHne mmpokofi

OJIOCH NPONYCKABHS AOCTHrAaeTcs HIYHTHPO-
BAHHEM KOHTYPOB WM HX B34aHMHOH pac- |
crpoiikoii. ITlosicuuM ocoBennocrn YIIY c I
OAMHAKOBOH K PA3JHYHON HACTPOMKOH €ro fnp F

KOHTYDOB. 28156,

o Puc. 43  Yacrorane xa-
a) OnumakoBass HACTPOHKA DAKTEPUCTHKH  ABYXKAc-

KOHTYPOB kagnoro ¥IIU ¢ opunou-
HHMH KOHTYPaMH, HacTpo-
Ecan koutypm Bcex kackagoB ¥YIIY #Ha- ewnwMu Ha omwy  ua-

CTpOEHE! ONHMHAKOBO (Ha IPOMEKYTOUHYIO ya- CTOTY
CTOTY), TO pesyJIbTHPYIOIasi MoJjoca Ipony-
CKaHHS YCHJMTENs TOJyvaercsl MeHbile, 4eM Y KaXXK[oro KAacKaza
B OTHEeJBHOCTH Puc. 43 .

YpaBHeHHe YACTOTHOH XAPAKTEPHUCTHKH YCHJIUTENS, COCTOSILIETO
W3 N OAMHAKOBBLIX KAacKajoB, MMeeT CHEAYIOMMHA BHM:

K 1
K (Vitx)" (6.1

57



B 3toM ypaBHeHHH

. Af 246
X =2.Q- L =l

rae 2Af -— nosoca NPonycKAHHA OMHOTO KACKana;
2Af j6y — OJIOCA NPONYCKAHHS YCHJHTEJNS.

Ecnu onpepensite nosocy nponyckanuss Ha yposee 0,707 ot ne-
30HAHCHOrO KO3 (HIHEHTa ycuJeHHs (KAK NOKA34HO Ha  Pyc. 43 ),
TO TOr[4 Ha TPaHMYHBLIX YACTOTAX, BXOAHIUHX B MOJOCY NPONyCKAHHS,

n
HMeeM: (]/l—}-X2 =73"92. Wa pannoro paBeHCTBA MNOJyYaeTcs
pacueTHas q)opmyﬂa 51 [0JIOCH IPONYCKAHHST YCHJIHTEIS

9Af g, == 2Af"- I/V 7 —1 . (6.2)

n
3HaueHHs BeJIHUYHHEI VV’EE-—-—I IJsi pasHOro YHCia KACKAa[oB
npuBoautcs B Taba. 2.3.
Tabnwua 2.3

n 1 2 3 4 3 6 7 8 9 10 1 11 | 12

]/V;_—I 1 1064(051044(039}10351032]030]|028 (027026025

B namnoBmix YIIYU HeoOxomumasi mosoca NpONyCKaHHAS KaXAOTO
kKackafla 2Af noayyaercs BeIGOPOM CXeMBl, H3COpaXKeHHOH Ha

Puc. 44-8 B 3Tofl cxeMe KOHTYp LIYHTHPOBAH AHOAMBEIM PE3IHCTO-
poM R, Ero conporusnente o6uuno 6niBaet 500—5H000 om. Konpen-
catop Cx WMeeT MOCTOSIHHYIO eMKOCTE. IIpH BBICOKO# mpoMeXyToyHOH
YaCTOTE POJIb KOHIEHCATOPA MOZKEeT BBINOJHATH €MKOCTH CXEMBI,

B tpansucropueix YIIU HeoOGxomumasi nojoca nponycKaHus Ka-
ckanoB 2Af° noayuaercs BBIGOpOM cXeMbl, u306pajKeHHOH Ha

Puc. 45 ,6, B kotopoit L,=0. Cnegosarenpno, koutyp LiCyx BKiIO-
yaercsi B Henb KOJJeKTopa nojdHocThio. [1o37OMy OH CHJIBHO LIYHTH-
pyercsi CpPABHHUTENRHO HeGOJBIUHM BHLIXOAHBIM CONpPOTHBJIEHHEM TpaH-
3ucTopa. JlONOMHHTEJBHBIM WIYHTOM MOXKeT OBTh pPE3HCTOP, BKJIIO-
yaeMblil mapajjeibHo KOHTYpy. EMKocte KoHpencatopa Cyx ueuns-
MeHHA.

VYkazannbie cxemsl Kackazos ¥YIIYU u uM nmofoOHBIE MPUMEHSIIOT B
IIpHEMHHKAX ¢ NOJOCOH TMpPONYyCKAHHS OT AeCATKOB Kry no 2-+3 Mey.

6) Pasauunass HacTrpofiKa KOHTYpPOB

Jas noayuenusi nojocw nponyckanus YITU Gonee 2+3 Mey upu
HaJHUYHH Xopoieii #36HpPaTeJbHOCTH HeJb3s OrPAHHYHTBCS LIYHTHPO-
BaHHeM KOHTYpoB. TpeQOyercs eme OCyIieCTBHTH pPal3JIMYHYI0O HACTpoH-
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Puc. 44 Cxemu ¥YBUY ¢ noaubM prmode-
HHEeM KOUTYPa B 2lOAfiyI0 Henb JIaMnbl

6 — AOCHeNOBaTEAbROS AMTaAHHe, 6 — napaanenwiroe
IIHTaHHe ¢ aHOAHBLIM JApoCCeNeM, & — napaJnesibHoe
NHTa&HHEe ¢ 2HOGHRIM pE3HCTOpPOM
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Puc. 45

BapuanTh cxXeM TPaH3ucTOpHLIX ¥BY
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Ky CMeXHBX Kackapos. HauGosee wacro ucnoassyror YIIU ¢ «aBoit-
KaMu» MJH «TPOHKaMu» BE3aHMHO PacCTPOEHHLIX KacKafos.

Ha pyc 46 1okasad MeTO[d HacTPOHKH KOHTYPOB «IBOHKH» (HJH
«napel») KackanoB. KosTyp nepBoro Kackaja HacTpawBalOT HA 4Ya-
CroTy ju<fmp, @ KOHTYp BTOPOro Kackajga-—Ha 4Yacrory fo2> Frp.
PaccTpoiika o60HX KacKaiOB OTHOCHTEJLHO WPOMEXKYTOUHOH YaCTOTHI
NPHEMHHKA ONHHAKOB&, T. €. fog— fup = fup — fa = AF.
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Puc. 46  Yacrotupe xapakTepuHCTHKM ABYX CMEXHBIX KacKa-
nor YITY M peayabTupyiollas XapakTepHcTHKAa «JBOHKH» Kacka-
HORB:

& — paccTpolika KOHTYPOB HeMHOrO OGosblue KpHTHYeckoll; & — paccrpolika
KOHTYpOB sHauHTeNbHO CGOoNblne KPHTHYEeCKOR

dopma pe3ynbTHPYIOHIEH YacTOTHOH XapaKTepHCTHKH B 3TOM CJay-
yae 3aBHCHT oT Beawunun paccrpoitku AF. Ecan AF He3HauntesbHa,
TO pe3yJBTHPYIOIAs YaCTOTHAY XapaKTePHCTHKA [OJYYaeTcst OLHO-
rop6oii ( Puc. 46 »a). Ecan xKe paccTpoiiky KOHTYPOB CenaThb 60dlb-
mofi, TO uyacTolHas  XapaKTepHCTHKa  oKaxkercs  JABYrop6oii
(1 Puc. 46 ,06).

Hanboabiiee 3navenre AF, npH KOTOpOM YacTOTHAS XaPaKTepH-
cTuka enre opHorop6asi, Ha3blBAeTCS KpHTHYECKOH paccTpoiikoi. O6o-
sHayum ee AFp. BennumHa KpHTHYECKOH pPACCTPOMKH NPAKTHYECKH
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paBHa MOJIOBHHE MOJIOCHI [TPONMYCKAHHSI OAHOTO U3 KOHTYpoB (CYHTas,
4T0 064 KOHTYpa O4MHAKOBHI).

Ecmn  AF < AF, TO pe3yJbTHPYIOIAS NOJOCA MNPONyCKAaHHS
«ABOHKH» 2Af” momyuaercsi menbine, 4yeM y OHHOTO KacKama. Ecim
AF>AFyp, TO pe3yJbTHPYIOmMAS NOJOCA IPOMVCKAHHS MOKET ObiTh
IiMpe, 4eM y ORHOro kackaja. Ho B 3TOM ciyvae mpoBas yacTOTHOMH

Ko} Ky XapakTepuCTHKH OKa3bLIBAeTCd 3HaUYHTeJb-
HBIM ( Puc. 46 ,6). Bepunny yacrornoit
m X4pPAaKTEePHCTHKH MOXKHO TNpHOGAH3HTL K
) ! __ TIpAMOH, eCsIH ONHMH H3 NOCTEeAYIOMHX KOH-
£y 'ﬁrpv*:uz f TYPOB YCHJHTENS HACTPOHTL Ha NPOMEIKY-

Kz TOYHYIO 4yacToTy NpHEeMHHKa.
\ Ha npaktuke B VYIIU paccrpoiika
«BOMKH» OOLIYHO BLIOHPAETCS KPUTHYECKOH
“an HeMHoro Ooablle ee ( Puc. 46 ,a).
Takolt ycunuTeNb COOEPIKHT HECKOJBKO
«1BOEK», HHCJIO KOTOPBLIX 4Yapie Bcero Owi-
BaeT ot 2 a0 6. Eciu Bce mapm Kackanos
ONHHAKOBEL, a paccTpoiika Mexay KOHTY-
paMH y BCeX mnap BoiOpaHa KpPHTHYECKOI,
2 F 7O obias MnoJjoca NPONyCKaHHST YCHIHTEJS

fop onpenensiercs no Gopmy.e
Puc. 47 UactotHBle Xa- 1
PAKTEPHCTHKH TPEX KACKANOB 201 oy ~ 2-Af"- — (6.3)
VITY u pesyapTHpylOLLAA Ya- 1'1;vf75~
CTOTHas XapaKkTepueTHKa

«TPOJKHY» KacKalos
rape At— qucJ0 <«ABOEeK» KacCKajioB.

3HayeHHs] BeJHUHHbLI wm-;:w— ANST pa3MYHOro YuCja nap pac-
LYy m
CTPOEHHBIX KACKaJIOB NpHBeAeHb B Tabs. 2.4. VI3 cpaBHeHust JaHHBIX
Tabs. 2.4 ¢ gaHHEIM# Tabd. 2.3 BHJHO, UTO NMPH OAHHAKOBOM 4HCJe
pABHOLEHHBIX KaCKaJoB B YCHIHTeJ e C pACCTPOEHHBIMH KOHTYpPaMH
nosyyaeTcsi 0ojlee IIMPQKAsT 1oJoca TNPONYCKAHHA, YeM B YCHAHTeNe
C KOHTYpPaM#, HACTPOEHHHIMH Ha OJHY YaCTOTY.

TaGanuna 24

m | 2 3 4 5} 6

1 0.91 0,77 0.69 0,64 0 61 0,58

4—-
I,le

Ha Puc.47 nOKaszan Meroa HACTPOMKH KOHTYPOB «TPOHKH» Ka-
CKaZioB ycunauteds. [IlBa KaCckaza <«TPOUKH», HMEIOL(HE OJHHAKOBbLIE
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HACTOTHHIE XapaKTEePUCTHKH, CHMMETDHYHO paCCTPOEHH OTHOCHTEJNb-
HO HPOMEKYTOYHOH YaCTOTHl NMPUEMHHKA.

Tperuit xackan nmeer 6oJiee ILAPOKYIO MOJOCY NPONYCKaHHA HHA-
CTPaHBACTCA HA MPOMCKYTOUHYIO yacrory. Cllefyloniue «TpoHKH» Ka-
CKafioB HacTpamBaloTca anajlormyHeiM obpaszom. Ilpn takoMm cnocobe
HACTPOHKH pe3yJpTHpYlOLlas YaCTOTHAS iapakiepuctvka YIIU umeer
IJIOCKYIO WHPOKYI0 BepPHIHHY H CPABHHTEJIbHO KPYThie CKAaThL

3. ¥l ¢ nBYXKOHTYPHBIMH KaCKapamu

JIlns noBniennst usbupatessHoctn YIIU B ero Kackagax vacro
NPHMEHSAIOT 10 JBa CBA3aHHHLIX KOHTypa. IlpuMmeps takux cxem H3o-
Opaxenbl Ha  Puc.48 LIX HasLIBAOT YCHJIHTENSMH Ha ABYXKOHTY p-

Puc. 48 Ilpumepn cxem pBYyXKOHTYpHBIX Kackanop ¥I1Y:
€ — NaMIOBLIR BapHaHT, § — TRaH3HCTODHEIR BapHaHT

HEIX NOJOCOBBIX Quabtpax. O6a KOHTYpa nosoCcOBOrO (GHABTpa OMH-
HAKOBL (L1 =Lyxs, Cix1=Cxg). OHu HacTpoeHH Ha NPOMEKYTOUHYIO
4aCTOTy NpueMHHKa. Bkiiouenwe KOHTYPOB K yCHAMTENBHEIM mpHGO-
pam (TpaHaHCTOpPaM WM JaMIaM) BLIGHPAETCH TAK, YTOOLI nobpot-
HOCTH OOOMX KOHTYPOB OBbIJIH PABHHIL.

B namnosoM Bapuante ( Pyc.48 a) NpUMEHEeH (HILTP ¢ HHIYK-
THBHOH CBSI3BI0 MEXAY KOHTypaMi. LIOAKJIOUEHHe KOHTYPOB [OJHOE.
Katymkn Ly n Lyge uanie Bcero HaMaTbIBAWOTCS Ha OOIeM KapKace.
Paccrosinme MeXny KaTymKaMmd ONpenesisieT pasMephl buasTpa.

B Tpamsucropuom Baprante ( Puc.48 ,6) TUpPHMEHeHA eMKOCT-
Has CBfi3b MeXNy KOHTypamu. OHa oyeHb yno6Ha B masorabapnr-
HBIX YCHJIHTENSIX, TAK KaK 3KPaHHPOBAHHBIE KATYIUKH KOHTYPOB MOK-
HO pacmoJjarate Gausko apyr ot apyra. Iloxkmaouenne nepsoro koH-
Typa TNOKa3aHO [OJHOEe, BTOPOrO — YaCTHYHOE.

DopMa yacTOTHOH XapaKTePHCTHKH ABYXKOHTYPHOTO KACKAZA M ero
nojioca MPONYCKAHHST 3aBHCSIT OT BEJIMYMHLI CBSI3H MEXKAY KOHTYPaMH
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( Puc.49 ). Ilpu cBsi3u MmeHbIlle KPUTHYECKOH YacTOTHAs XAapakTe-
PHCTHKA oftHOrop6as, a moJoca mnponyckanusi yakasi. [Ipu cpssu 60db-
Ile KPHTHYECKOH dYacloTHasl XapakTepHUCTHKa Kackala asyxropbas, a
nosoca nponyckanusi nimpokasi. Hejocratok cunbrOll cBSI3u 3akJo-
yaeTcs B MpoBaJjie HA BEpIUHHE XaPaKTePHCTHKH.
Ha npaktHke B nojasasiiolieM OOJBUIMHCTBe CJyYydeB NPHMEHSIOT
GHIABTPHL C KPUTHYECKOH CBs3BIO. B 3TOoM cjyyae yacToTHas Xapakre-
DHCTHKa Kackaja HMeeT Hawmbojee OGmaro-
K1 NPUATHYIO GOpMY.

[Tonoca nmpomyckanus Kackana ¢ Kpu-
THYECKOH CBSI3bI0 MEXKJY KOHTYpaMH
UNf =)V T . Lo (6.4)
Qs
/ \ 23 [Tonocy nponyckanusi ycuiuteldss U3 n
! OXHHAKOBBLIX KaCKajoB MOKHO OIpeneJIHTh
fnp £ Do npubnnixenHol gopmyne
1
Puc. 49 Yacrorubie xa- 2A0f o, 2" ——— _(6'5),
PAKTEPHCTHKH  OBYXKOHTYD- 1 IV‘;;'
HOTO KacKaza: ’
I ~~ ¢BfI3L MeHBLIE K HTH*{ECKOﬂ;
2 comon | onTHacoman SRR Uncao  BBYXKOHTYPHBIX KacKaZioB B
CBASL GOJALIIe KpHTHYECKOM yH‘{ 06131‘11{0 6niBaeT 0T 2 pite} 4.

Koshduuuent ycuieHuss ABYXKOHTYp-

HOTO KAacKa4a ¢ KPHTHYECKOH CBSI3bI0 MeXKay KOnTypaMu QuiIbTpa B
JBAa pas3a MeHbHIE, yeM Yy OJHOKOHTYPHOTO KaCKazja.

V kackana Ha jgamne -

Ky=—-S-R,. (6.6)

¥ Kackaja Ha TpaH3HCTOpe

1
Ko= 5P Ps- S Re. (6.7)

B paauoBeriaTesbHBIX H CBSI3HBIX NPHEMHHKaX Ha TpPaH3HCTOpax
IIKPOKO NPHMEHSIIOT Npeofpa3oBaTtesdl 4acTOTh, B KOTOPBIX Harpys-
Kol cMecHTeNs SIBJSIETCS MHOTO3BeHHbll noJocoBoit ¢uastp. Haubo-
Jiee YACTO €ro Ha3pBaloT (QHILTPOM COCPELOTOYEHHOH CeJieKHHH
(®CC). 37107 QUALTP MOMKeT COCTOAThL M3 3—5 OOLIYHBIX KOHTYPOB
MJIH TIPeACTABIATE COOOH 3JeKTPOMEXaHHUECKYIO CHCTEMY.

[Tpeobpasosatensunift kackag ¢ PCC obnagaer oyeHn Xopouiei
YyacTOTHOH XAPaKTEPHCTHKON, HO HMeeT He(OJbLIOH KO3 (HIHEHT yCH-
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senns (nopsifika epunnn). B takoM mpeo6pasoBartene ocymecTBisieTcst
JA0CTaroyHasi H36MpaTesbHOCTL JIPHHEMaeMoIO CHIHazna (He npomy-
CKaloTCsi [OMeXH), HO YCHJIEHHE BBLIJIEJICHHOTO CHCHANAa HeAoCTa-
TCYHO.

YpoBeHL NMOJE3HOr0 CHTHAJNA MOXXHO YBEJHYHTH NpH [OMOL{H JIIO-
0oro ycunmTessi ¢ JOCTATOUHO WIMPOKOH NOJOCOH NPONYyCKanus (ne-
cATKH Kuiorepy). Ero kackaam Moryr ObiThb anepuoiHuyecKne (pesu-
CTOPHble) wuJin pe3oHaHCHbie. THIIHYHASL CXeMa TPAaKTa NPOMEXyToY-
Holt yacrorhl ¢ ®CC u3zobpaxeHa Ha  Pyc. 50

v
M —Ex

Cy 'F:Kahxgs Lea EBHX

Puc. 50 Ilpumep cXemh Tpakta npomexyTounoil yactors ¢ GCC

B 5710l cxeMe nocnenHHii KACKAL SIBJASIETCS PE30OHAHCHEIM TOJBKO
NOTOMY, YTO OH MOK€T HMeTL BHIXOJAHOE CONPOTHBJEHHE, paBHOE BXO-
HOMY COMNPOTHBJGHHIO JeTEéKTopa. 3AMETHOro BJIHSIHHS Ha H3OHpa-
TeJIbHOCTh NpPHEMHHKA MAaHHLIH Kackajg He okasmiBaeT. OHa onpene-
JasieTcst McKawuutedsnHo csoiicrBamMu PCC.

Pacyer snemenroB ®CC ocyuiecTsasior rpadoanalHTHIECKUM Me-
togoM. OH npocT ¥ A0CTaTOUHO TOoueH. B aTOoM pacyeTe o6BHIUHO Ompe-
AEJSIIOT HEe TOJOCY MponyckKaHust (GuJabTpa, a creneHb ocaabuaeHust
noMexH NO CocefHeMYy KaHajuy, T. €. H3OHpaTeNbHOCTH KacKajia IPH
sajiapHoll paccTpoiike. Ilosoca mponycKaHHsi YCHAHTENS BhICTyHaeT
B pacyere 3anaHHOH BeauunHofl. B panuosellatesBHBIX NpHeMHHKAX
ona OmBaer 7T—I10 xey.

Kos¢pdunuenr ycunenust npeobpasoparensi yactorel ¢ ®CC omnpe-
JIEJIsIeTCs  YpaBHEHHCM

KO '":ch'snp VRBmx. cM'RBx. cny (68)

tne Kyp-—KoaQuuuenT nepenaun ¢Guabtpa;
Syp — KPYTH3HA npeobpa3oBaHuS,

Ry, x.cx — BBHIXOJIHOE CONPOTHBJIEHHE CMECHTE/IS;
Rgy cn — BXOHOE CONPOTHBJEHHE CJeAyIOILEere Kackaid:
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Koapdunuent nepenavyt GuanTpa ysHaOT NPH NOMOLM Crielyadb-
EHX rpadukoB. Ero senmuusa 6mBaer or 0,1 go 0,5. Yanie Bcero
Ky=0,2+0,3.

Hapsny ¢ ®CC n3 OGBIYHBIX KOHTYPOB B NpPHUEMHHKAX CBSI3H H
B pajgHOBeH(ATEJILHBIX NPHEMHHKAX NPHMEHSIIOT 3JEeKTPOoOMeXaKHueCKHe
¢GUIbTPE. B HHX HCIONB3YIOT 3JeMeHTh NpaBHALHOR (opMmbl (nna-
CTHHBL, CTEPIXKHH, AHCKH, HIapuKH), 06Jajailie MarHHTOCTPHKIIHOH-
HBIMH HJIH 116€303JICKTPHUCCKHMH CBOHCTBAMH. JJeKTPOMeXaHHYeCKHE
GHABTPH MMEIOT YACTOIHYH0 XAPAKTEPHUCTHKY, OdeHb OJH3KYI K Mpf-
moyronbHof. I'abapute u Bec Takux ¢uabtpos wmaasl, [lonoca npo-
NYCK4aHHST MOXKeT OBITb OT JeCSATKOB repr, N0 eIHHHL KHJIOTepl.

B nocrenneM kackame tpakta YIIY (a Takke u B APYyTHX €ro
KacKajax) Haxo[dT npHMeHeHHe HeHTpasJu3auMs BHYTpeHHell obpat-
HoH CBsi3aH TpaH3HcTOpa. Ha Puc. 50 uenb HeNTpAJH3AUUH eMKo-
ctHass. OHa npejcrabiena Konupehcatopom Cy. Ewmwocts ero OmiBaet
nopafka exuHul nukodapan. Heobxomumasi sesnuuna Cx BCerza
nogbupaeTcss 3KCnepHMeHTanbHO. JlaHHas Mepa mnNO3BOJSET YBeJH-
YHTh KO3(QGHLUMEeHT YCHJEeHHS KAacKaja.
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CTpyKTYypHBbIE CXeMbl IPHEMHHUKOB.

PapnonpHeMHOe yCcTpOHCTBO NpeAHA3HAYeHO ANS npHeMa KaKHX-
mu60 COOBIEHNH WM CHTHAJOB, NMOCTYHAIOLHX K HEMY B8 BHAE paimno-
BoJIH. OHO COCTOMT M3 NPHEMHOH aHTeHHEl, NpHEMHHKA H OKOHEUHOTO
npubopa.

[IpneMHas aHTeHHa H3BJEKaeT U3 OKpy’Kalollero npoCTpaHcTsa
O4YeHb HeQOJBIIYIO YaCTh HEeLTHH NMPpOXOAAIMX paAHOBOJIH H HallpaB-
JsieT ee B paguONpHeMHHK.

B npueMHHKe OCYLUeCTBJseTCH BHILleSeHHe MOJe3HBIX KOJieGaHHH
H ipeo6pa3zoBaHHe MX K TaKOMy BHIYy, KOTOpHIH HeobXOauM A
paGoTel OKOHEUHOro mnpubopa.

IIpy noMomM OKOHEUHOre IpHOOpa BOCHPOH3BOAMTCH, PErvCTpH-
pyercs MMM HHBIM CrHOCOOOM HCNoJb3yeTcs mpHHATAs HA(OpMaIue.

KauecTBe OKOHEUHHX NpHOOPOB HPHMEHAIOT AaKyCTHUECKHe MJH
S5JEKTPOHHO-JyyeBEIE YCTpOHCTBA, OYKBOmeuaraioliue, (QOTONEYaTaln-
IlHe M numyliye annapartbl, a Takxke MeXaHH3Mbl yrnpaBJjeHHs pas-
JUYHBIX ABTOMATHYECKHX H CUETHO-PEeIlIalolHX CHCTEM.

Windopmanus Ha BXOHe NpPHEMHHMKa 3aKJIO4eHa B MOIyJHpOBaH-
HbIX KoJjeGaHufX BBICOKOH 4acToThl. [IX Ha3HBaKT BEHICOKOYACTOTHHI-
MH CHrHaJlaMH. TOJbKO OIMH H3 HHX NOJe3HBI. IJTO TOT CHTHam;, KO-
TOpblil IpUHMMAaeTCsd MPHEeMHHKOM B gaHHBIH MoMeHT. [lo oTHOWeHwuio
K HEMY BCe OCTaJbHBIC CHIrHAJbLl ABJAIOTCH MNOMCXaMH.

IMpusvMaeMblil BHICOKOYACTOTHBIH CHI'HAN MOMET GHITH MOLYJAHPO-
BadALIM 110 aMIJHTYHe, yacrore MaH (haze. MHorue panwosokaunon-
Hble MPHEMHHKH NpHHUMAIOT HMIJYJbCHO-MOAYJAHPOBAHHEIE KoJebGaHus
(Pamioumnybent). TlpueMHHKE TelerpadubIX COOGLICHHH MPHHHMAIOT
MaHunyayposainble KosgebaHus.

ITocne 3HAYMTENBHOTO YCHAEHHSI MH36MpATENbHBMH YCHIHTENAMH
NPUAATHIE BLICOKOYACTOTHBIE KoseGaHus AeTeKTHPYIOTCH. B pesyib-
TaTe HETEKTHUPOBAHHS HOMYUYAOTCST HHAKOYaCcTOTHLlE CHUIrHad n. MIMeHHO
OHH M ABAAIOTCH HOCHTENISIMH NOJE3HON HHGpOpManui, TaX Kak Cno-
COOHBL NPUBECTH B AEUCTBHC OKOHeyHLI npubop. He mns 31oro Huas-
Ko4yacToluble (UHQOPMANWOHHLIE) CHIHAJLl JONXKHLL HMeTh OIpefe-
JSHHYIO MOIIHOCThL WM HanpsxkeHue. [losroMy B npuemHHKe mocxe
AeTeKiopa OOBLIMHO HMeeTCs YCHIHTeNb HHM3KOW 4alTOrhl WIH BHIEO-
VCHJHNTENb.

Boaee noapobuo nocaeposa-

= " " ""“"; TeJIbHOCTL NPOHECCOB B (IpHEM-
| { HHKe paccMaTpHBaeTcsi IpHMe-
1 B 1 A& 71 %" | butenmo X ero  komKperHol
! } cXemc.

_fpuemrux 4 HecmoTps Ha Oonbiuoe pas-

HOOOPa3ue MPHEMHHKOB, MOKHO
BEIIENHTh BCEr0 HECKOJIBKO Ba-
PHAHTOB THIIOBBLIX CTPYKTYPHBIX
CXEeM.

Puc. 51 CrpykTypHas cXemMa npocTOro
JETEKTOPHOTO NPHEeMHUHKA
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HHa Puc. 51 wn3obpaxeHa CTPYKTYpHasi CXeMa CaMoOrc npOCTOro
npueMnuka. OH Ha3bLIBaeTCA [eTeKTOPHLIM. B 3TOM npueMHHKe BCero
nBa sjaemeHTa. Bxognas uenw (BLl) npeacrasnser coboll OIHHOUHBINA
KoneOaTenpHBIE KOHTYp. 3a CYeT ero Pe3CHAHCHBIX CBOHCTB NPOMCXO-
ZAT BhIEJIEHNe TIpHHHMAaeMEIX BHLICOKOYACTOTHBLIX KoJebaHuil W 3HAyH-
TEJNbHOE fOoHAasNeHne podeX. [laHHBI npoiecC HaswBaeTCss YacTor-
HOll HM36HpaTelbHOCTBLIO. 3aTeM BhIIeNeHHbIE KoJaeBaHua JAeTeKTHpY-
1ores. Cospannuil HM3KCUACTOTHEIH (MHQOPMALNMOHKLIA) CHTHAT MpPH-

Puc. 52 Crpyktypuast cxema neTeKTOpHOrO Mnpu-
eMHHKA C BHIEOYCHJIHTENeM

BOAHT B pefiCTBHE OKOHEuHBHI npudop. ¥Ycneiwunas paboTa NeTEKTOp-
#HOTO NMPHEMHUKA BO3MOXKHA TOJBKO MpH OTHOCHTEABHO OOMBIIOH MOIN-
HOCTH NPUHHMAEMBIX CHTHaNOB. Ero HOCTOMHCTBO 3aKJIOUAETCs! B OT-
CYTCTBHH HCTOMHHMKOB MUTAHHA.

Ha Puc. 52 npuBejgena ycJOKHeHHasl CXeMa JIETEKTOPHOIO MpPHEM-
HUKa crieluaJjbHoro HasHayeHus. B HeM nocne [eTekropa HMeeTcs
MHOTrOKacCKaaHul Bujeoycunutenb, CienoBaTesbHO, NaHHLIH mpHEM-
HHK TNpejHa3HaueH pJisg TpUeMa HMIYJbCHbIX CurHalop. Takuwe InpH-
€MHUKH TPUMEHAIOTCH B HEKOTOPHIX PaAHONOKANHOHHBIX CHCTEMAax
(nampuMep, Maskax).

Ha Puc. 53 rnexkaszaHa ofkluHasd CXeMa IPHEMHIIKA NPAMOIO YyCH-
snenusi, OH OTJIHU&eTC OT [AETEKTOPHOIO TPHEMHMKa HaJHYHeM YCH-

sipTedsl BHICOKOH yacrorbl. B GosqblinHcTBe ciayuaeB YBUY umeer onum
JJIH 7iBa PE3OHAHCHLIX KacKaja Ha JjaMmnax HJim Tpansucropax. Ilpu
yucje KacKaloB Oogee JBYX YCHJHTENL BLICOKOH wacTtornl paboraet
peycroiunBo. OH obJiajaer CKJIOHHOCTBIO K camoso3Oyxpaennio. H3-3a
takoil onacHoctd YBUY me wMoxer uMmerh 6ogbllIoio KoydduuueHra
yCHJIEHHSI. Orpuuartenvnoit ocobennoctvio ¥YBU saBnsiercss 3aBucu-
MOCTBH €ro FIoKazaTejed OoT YacroThl YCHUJIMBaeMbiX KonebaHuil. ¥YcCwHiiu-
feJib HH3KOH 4acTOTHl COMEPIKHT ONMH HJH ABa Kackajga. OHH BBHINOJ-
HSIIOTCSL Ha Jamnax Wiu tpausnctopax. MsbupareanHbMu CBOMCTBaMH

VHY ne obaanaer.

B U YBY p~ N - UHY on

Puc. 53 CrpyxTypHasi cx€éMa NpHeMHHKa IpPSIMOro
YCHJIEHHSA
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Ha Puc. 54 usoOpaxeHa CynepreTcpOpMHHasi CxeMa PajHoJIOKa-
IHOHHOTO NMpHeMHHKA. Ee TUNHYHOH 0COGEHHOCTBIO SIBJIAETCS HajHyHe
npeoBpasosareds wacToTsl (ITH) ¥ ycuiuredss npoMexyroyHoil ua-
crorpt (YITU). OcrasnbHbe 3jJeMEHTLI TAKHE e, KaK H B IPHEMHHKaXx
npsMoro ycuseuusi. Ilpeo6pasoBatesb YacTOTBI COCTOMT H3 CMECHUTENS
(C) n rerepopuna (I).
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Puc. 54 Crpykrypnas cxemMa cynepreéTepoiHHHOTO NpHEMHHKA
UMIYJIBCHBIX CUTHAJIOB

Cyneprereponnnnas cxeMa NpPHEMHHKa siBisiercss nauBoJiee copep-
HenHol u HanboJlee pacnpoctpaneHHol. ITostomy nosicHuM ee Boaee
o Apo6HO.

1) Bxoanas uemp CJYXKHT NEepexogHbBIM 3BeHOM OT HPHEMHOHN aH-
TeHHB K BXOAY IE€PBOfU YCHJHTEJbHOro Kackajaa. LEe HasHaueHue
MOXXHO pacCMaTpuBaTb C pasJWyHbIX TOYeK 3peHus. Boinie Oblio OT-
MEUYeHO, UTO BCJe[CTBHE PE30HAHCHBLIX CPOHCTB KOJEOATENbHOrO0 KOH-
TVpa BXOJHAasi LENb OCYLIECTRJAET NpedBAPHTENbHYI0O YACTOTHYIO H3-
GHpaTesbHOCTb [IOJE3HBLIX BLICOKOUACTOTHHIX Kojebaumil. K  sTomv
MOXHO J00aBUTh, YTO BXOOHAS Nienb ofecrieuBaeT CorJacoRaHHe Bodl-
HOBOTO COIPOTHBJIEHHS AHTEHHOre (puaepa € BXOAHBIM COUPOTHBJIe-
HpeM TIpueMHHKa. TeM caMuiM Jocruraercss Boamoxuo Oodibiuee npe-
BHIIEHHEe Halpsi’KeHWsi CHTHaka Haj ypoBHeM NoMex u wymos. [lo-
JIE3HO TaKXke OTMETHTb, YTO BXOHHas Lenb ynpardser paboTol nep-
BOTO YCHJHTEIBHOTO KaCKama 3a cueT 3IHEePruM, IPHHATON H3 OKpY-
Kawnero INpocTpadcTsa. MolHOCTL noje3Horo CcurHada BXojAHas
LEeNb He YBeJHYHUBEET.

2) Ycuimtedb BLICOKOH 4YacTOTH B CyliepreTepORHHHOM TPHEMHH-
K€ eCTb He BCerga, nosiomy oH uzobparxeH NyHKTupom. QgHaKO ualle
YBY umeercsi U 0ObIYHO COCTOMT M3 ONHOIO Kackana. B aroM usbupa-
TeJLHOM YCHJHNTeNe [POHCXOINT IIPeNMylieCTBeHHOe YCHJeHHe KoJle-
GaHUll 110JIE3HOI O BHICOKOUYACTOTHOrO cHraajia. OnHo M3 rjaBHLIX Tpe-
GopaHuil K YBU pamionoxkallHoHHOro IPHEMHHKa COCTOHT B JOCTH-
KEHUHM MA&JIOro ypoOBHsi BHYTPeHHHX WyMOB. (COBOKYIHOCTH BXOHOM
neny n YBY B mo6om cylepreTepoRHHHOM IIpHEMHHKE Ha3LIBAKOT
npecenexkTopoM. IlpecenckTop ocCyiuecTBiisieT TnpenBapUTESbHO CeJlek-
nHK (U3bUpareJLHOCTh) NPHHUMAEMLIX CHUI'HAJIOB.
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3) IlpeoOpasoBaresn 4acTOTH COCTOMT H3 CMECHTENS H [eTEpo-
nuHa. OH ocyinecTBjiseT npecOpa3cBaHHe CHrHaJJla BBICOKOH YaCTOTH
B CHrila/l NMPOMEXkKYTOUHOH uacTOTH. [IpomMexkyTounas vacrora HHKe
HeCylel 4aCToTH HNPUARMACMOrO CHUrHaja, HO BBIUE OCHOBHHIX Ya-
CTOT MOAYJASUHH. BamHOH 0COGEHHOCTBIO NPOMEKYTOUHOH YaCTOTHI
SIBJISIETCS €€ MOCTOSHCTBO Ipu 6ol HacTpoiike npHeMHHKa. Jloctu-
raercsl »To OMHOBpeMeHHOI MepecipoikoH KOHTYPOB BXORHOH IR,
YBY B rerepoinHa. :

Il'etepogun upencrsBiseT cofoftl aBTOKOJeOaTeNbHBIL TEHEePATOp
majoil MomHoCTH. OH co3paer HellpepLIBHBIE CHHYCOUAAJBbHEIE KoJe-
DaHns BLICOKOH YACTOTH, KOTOpasi HEeCKOJLKO OTJIHYAETCS OT Hecyule
4YacTOThi NPHHHUMaeMOro cureana. KojgeGaHus retepORuHA LOCTYLAKOT
B CMECHTEJh M CMELIMBAKTCH TaM ¢ KojgeDanuaMH CHTHaMA.

B pesyiprate cmeluHBaHUs JIByX KOJeOaHHUH pPa3HBIX 4acToT 00-
Da3ylTCs Tak HaswiBaeMbie Opennsi. Uacrora OneHnit paBHa pasHOCTH
yacToT CHrHala M rereponuHa. Pesyibrupyioniee ClaoxkHOe Kodeba-
HUe JeTeKTHpPYyeTCs B CMECHTede M II03TOMY Ha BLIXOAE ero noay-
yaeTCs CHIH&J Ppa3HOCTHOH (TIpOMEXKYTOUHOH) YaCTOTHI

4) VYeuauTenb UPOMEXYTOYHOH 4YaCTOThl. JTO MHOroKaCkaHbIi
uzGHupaTeabHb ycuJipTesib. OH BHIIOJIHSETCS Ha [EHTONAaX Wiy TpaH-
auctopax. Oranunrenvioit ocobennocteio YIIU sBnsiercs nocrosuuasi
HacTpolHKa ero KoHTypoB. OHH HacTpamBaloTCs OLMH pa3 (HA 3aBo-
ne) B B Ipouecce sKCAJAyarTalMn NPHEMHHKa He IepeCTPanBaIoTCS.

ITocTosiurans HacTpokika kontypoB YIIY nosBosisier umerh B Hewm
MHOI'0 KaCKaJoB, He CKJIOHHBIX K CaMOBO30OYXneHRK no 12 u Gonee.
Texnuyeckue nokazatedu YIIU ne 3aBHUCAT OT HaCTPOMKH NPHEMHMKAE,
T. €. OT HACTPOHKH KOHTYPOB BXOAHOU neln H YBUY.

3) HeTexkrOp pamHONOKALIHOHHOTO INPHeMHHKA OCYLIECTBIAET IIpe-
o6pa3oBaHHe PaIHOHMIYJLCOB NPOMEXKYTOYHOH 4acTOTH B BHIEOHM-
1y ABCL,

6) Bupeoycunureil yBeAMUMBAET aMIUTyLy HMIOYJbCOB IO BE-
JUUMHBL, 0feCIieyHBaJOIIEeH HOPMadbHYIO pabory HHIAHKATOpA.

PaccMOTpeHHas CTPYKTypHas Cxema PpalHOJOKAaUXOHHOro NpHEM-
yuKa siBAsiercs HenojHOH. OOLiyHO B peajbHOM NPHEMHHKe HMEIOTCH
erre aBToMaruueckue cuctemol. Hanbojee uacto ¥ HHM OTHOCHICH CH-
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Puc. 55 CrpykTypHas cXeMa CynepreTepofAHHHOIC NpHEMHMKA CBSI3H

cTeMa apToMaTHYeCKoll peryiupoBku ycusienus (APY) u cucrema ag-
TOMATHYCCKOH HOACTpOiKH uacTothi rerepofuna (AITH). Jlo Bxonuoi
jenH OOLIYHO BRJIOUAETCH PAa3psAHHMK 3allUThl IIpPHeMHHKA. IIpuem-

HuK HEOoDXOmHMO 3aliHUlaTb
OT MOIIHOTO 30HIHPYIOLIETO
paaHoUMIyJbCa nepenart-
YHKA.

Ha Puc.55 npuBenena
CTPYKTypHasi CxeMa cCyllepre-
TEPOAHHHOIO IpUueMHHKa CBS-
au. Ee ofulee nocrpoeHne He
OTJIMuaeTcss OT Hpenbiaylied
cxemul. IlokasaHHble Ha HeH
BpeMenHble TrpadHuKW [0CTa-
TOYHO HAarJisifHO  IOSCHAIOT
OCHOBHbBIE [IPOLECCHL.

CreunduyeckuM HegoCTaT-
KOM J000ro cynepreTepoiuH-
HOrQ U[PHEMHHKa SBJISETCH
BEPOSITHOCTh HEXeJaTeJbHOIo
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Puc. 56 YactoTh noJesfsoro cHruana, rete-
pPOAHHEA H 3ePKa/bHOH [IOMEXH:

a — YactTora retepoAyHa EBLilne #acTOret CHIHANa;
6 — uacTora TerepPOAHHA HHMe YaCTOoThl CHFHaJMa

BO3JIEHCTBHS Ha ero pabory 3epkalb-

A0 LlOMeXH. IJTOH NOMexXOoH Ha3HBalOT TakHue BHICOKOHACTOTHLIE Me-
HidOl{#e CUPHAJB, KOTOpHIE, CKJAAnblBasiCh Ha BXOle CMecHTelds C KO-
JAcéauusiME TeTeponaHua, o0pasylor Ouenust C NpOMEXKYTOYHOH Ya-
crotofi npueMHHKa. Ecau fe<[r, TO vYactoTd 3epkajbHOH IOMEXH
Jsn=fe+fup. Ecam [fe>fr, 10 fon=[r—fup. ‘Ckaszarnoe mnoscHseTCH
Puc. 56 M3z mnero Buaso, 4ro 10 OTHOLIEHHMIO K 4YacToTeé reTepo-
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IHHa 3epKadibHass NoMeXa M MojesHLit curuad cuMmMerpuunH. [lo-
3TOMY 3epKajJbHYIO [OMeXy HHOrAa HasbiBaloT CHMMETPHYHOH IO-
MeXOfi.

Ilns ycTpaHeHHs NIpHEMA 3epKaJibHOTO CHCHala TpeOyercs He JIo-
IYCTHTL ero no npeoOpas3oBaTellss YaCTOTH. JTy 3agauy JIOJ2KeH yC-
TeIUHO BHIOJHATE NpPecejerIop, T. €. BXOAHas Iellb UpHEeMHHKA H
VBU.

Mewaloine CHrHajb «cocemHedl> cranuu (1. e. GiusKne 0o 4a-
CTOTe K II0JIe3HOMY CHIH&AJY) YCTPAHSIOTCA IPEeHMYLIECTBEHHO B
¥YTTU. B npecesiektope oHU TOJbKO cJeFKa 0CIabasIoTcs.

KpoMme OOLIYHLIX CynepreTepoAHHHBIX NPHEMHEHKOB IPHMEHSIOTCH
INPHEMHHKH C JIBOMHBIM, @ HHOIXa M C TPoHHBIM npeobpasoBaHHEM
JacToThl. BO3MOXHLI TaKXKe NpPHEMHHUKH TeTepPOAHHHBbIC, pereHepa-
THUBHLIE N CBepxpereHepaTupHble. Yaine BCero OHM HMEIOT Y3KOCIIE-
[HajJbHOE HAa3HayeHHe.
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