Jlexnus 3
Kuaacenpukanus ycuiauresiei
XapaKTepUCTHKH YCUJINTEIs
Ycuanurenb HAa TPaH3HCTOpeE

OcobeHHOCTH ycHIIeHUSI OM03JIeKTPHYECKHX CUTHAJIOB
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JAudpepeHnuajbHbIi YCHINTENb

Yeunumens snextpuueckux CUTHAIOB (271€KMPOHHBIN Ycuaumeny) — YCTPOUCTBO,
YBEJIMYUBAIOLIEE AMRAUMYOYy dTUX CUTHAJIOB 0€3 U3MeHEeHMs uX (GOpPMBbI 32 CUET OCTOPOHHETO

HNCTOYHHUKA BHCKTquCCKOﬁ OHEPTUHU.

Ycunurenu MOTYT CO3/1aBaThCsl HA OCHOBE Pa3IMUHBIX 3JIEMEHTOB (TPAH3UCTOPBI, TPHO b
U Jp.), OJHAKO B OOHIMX YepTax UX MOKHO MPEJCTaBUTh OJUHAKOBO. OHM HMMEIOT BXOJ, Ha
KOTOPBI TOJAETCS YCHIMBAEMBIM 3JEKTPUYECKUN CUTHAN, W BBIXOJl, C KOTOPOTO CHUMAETCs

YCUJICHHBI CUTHAIL.

Kuaacenpurkanus ycuiauresiei

1. [To nuama3oHy yCHIMBAEMbIX YacCTOT — yCHIUTEeNH HU3kux dactoT (YHY), ycumurenn
nocrosituHOTO ToKa (YIIT), yeunurenu Beicokux yactoT (YBY),u30upaTenpHbie yCUITUTEIH.

2. Ilo ¢pyHKIIMOHATHHOMY Ha3HAUYEHUIO — YCHIIUTEIN HANPsHKEHUs], TOKA, MOITHOCTH.

3. Tlo xapakTepy yCHJIMBAEMOr0 CHTHAla — YCHUJIMTENIU HEMPEPBIBHBIX U HUMITYIbCHBIX

CHUI'HAJIOB.

XapakTepuCTUKH yCUJIUTeJ el

a) Bxoonoe conpomuenenue. Ryx — cONpOTUBIIEHUE MEXAY €0 BXOJIHBIMU KIE€MMAaMH,
KOTOpO€ MOHO HalTH 10 GopmyIie

Rex = Upx/Ipx

0) Koagppuuyuenm ycunenus.

Kosgppuyuenm ycunenus ycunurenss paBeH OTHOLICHUIO CUTHAJIA HA BBIXOJE YCHIIUTEIS

K 3HAYCHUIO CUT'HaJIa Ha BXOC:

K = Uppix/UBx
Koo huiuenT ycuieHus YCHIIUTENS U3 HECKOJBKHX KACKaJ0B PAaBEH IPOM3BEICHUIO

KOZ—)(I)(bI/ILII/ICHTOB YCUIICHUA YCHHHTCHCﬁ BCCX UCIIOJIB3YCMbIX KACKaJI0B:



Ko = KiKoKs...

6) Amnaumyonan xapaKmepucmuKka yCuiumensn — 3TO 3aBUCUMOCTb MaKCHUMAJIbHOTO
3HAYEHUS BBIXOJHOT'O CUTHAIAa OT MAaKCUMAJIbHOTO 3HAUEHUSI BXOIHOTO.

JUia paccMaTpuBaeMOro YCHJIMTENS 10 HANpSHKEHUIO aMIUTMTYAHAs XapaKTepUCTHKA
npezactapisiercs 3aBUCUMOCThIO Umax Boix =f(Umax BX)

2) Hacmommnasa xapaxkmepucmuka. B ToOM ciydyae, KOrja YCHUJIMBAEMbId CHUTHAJ
HECUHYCOUJAJIbHBIN, €ro MOYKHO pa3joKUTh Ha OTAEJIbHbIE FAPMOHHMKH, XapaKTEpU3YIOIIHECS
COOTBETCTBYIOIIEH yacToToi. KoadpuimenT ycunenus s kax a0l rapMOHUKHA MOXKET 0Ka3aThCs
pasHbIM. [ToaTOMy HEOOXOIMMO YUHUTHIBATh YaCTOTHYIO XapaKTEPUCTUKY YCUITUTES.

Yacmomnasa Xxapakmepucmuka ycuiumens — 3TO 3aBUCUMOCTb KOX(pPUIIMEHTA
ycuIIeHHsl OT 9acToThl curnana: K = f(v).

Jl51s Toro 4TOOBI HECUHYCOUJANIBHBIN CUTHAI ObLT yCUJIeH 0€3 UCKaKeHMsI, Hy’KHO, UTOOBI
K03 (OUIMEHT yCUIIEHHs HE 3aBHCEN OT 4acToThl, To ecTh K (v) = const. B o6miem citydae 310
YCIIOBHE HE BBIMOIHIETCS, YTO MPUBOIUT K UCKAXKEHHUSIM (POPMBI CUTHAJA, KOTOPbIE HAa3bIBAIOTCS
yacmommusIMu

Ilonocoii nponyckanua yCUNUTENs Ha3bIBae€TCsl MHTEpPBAJ YacTOT, B KOTOPOM

KO3 PHUITUEHT yCUTICHUS TTOCTOSHEH.

PaccmoTpuM npuHIMI pabOTHl YCHIIUTENS HA TPAH3UCTOPE, 3apPUCYEM CXEMY.
CocTaBHBIE YacTU: PE3UCTOpP, TPAH3UCTOP, AWHAMUK, KOHAECHCATOP M HCTOYHUK

HAIps>KCHUA.

Ha 6a3y MBI ITaJa€M CUT'HaJl OHpC,I[CJ'ICHHOﬁ 49aCTOTEI, HAa BBIXOJE XOTHUM IIOJIYYUTh 4aCTOTY

¢ OOJIBITICH aMIUTHTYIOM.

Eciu muvr Ha 6613)/ nowiiem 07’lp€()€ﬂéHHO€ Hanp:sioicenue, 3amMKHeM Uyenv, J1aMnodxKa
BKJIIIOYUMbCA, eCliu Mbl NOWIEM MANIEHbKOE HANPAJICERUE, IAMNOUYKA HE 6KIIIOYUNIbCAL. Hod6upaﬂ

conpomuesjieHue pesucmopda, mvl nod6upaeM CUJIy mokKa, npu KOI’I’ZOPOIZ AAMNOUYKa 3acopumcs.

Kak mpoucxoauT ycusieHHsle, rie 0epercs 3ByK B JTUHAMUKE?

Ha 6a3y nooknmiouen KoHOencamop, KOMOpbI NPONYcKaem NepemMeHHblll  MOK.
Conpomusnenue Ha 6aze 6yoem uMeHAMb AMAAUMYOY 6 ONPeOeNéHHOM OUuandazowe,
COOMBEMCMBEHHO MPAH3UCMOP OYOem OMKPbIBAMbCS U 3aKPbI8AMbCS CO30A8A5 CE0U YCULEHHDII

CUucHA.



[Ipu monaue HaNpsHKEHUSI MUTAHUS B CXeMY, Ha 0a3y TpaH3UCTOpa Yepes
pesucrop Ro nocrynaer Hebobioe oTpunarensHoe Hanpspkenue 0,1 — 0,2B,
Ha3bIBAEMOC HANIPS:KEHHEM CMellleHus1. JTO HaNpsHKeHHE NPUOTKPbIBAET TPAH3UCTOD, U
Yyepe3 SMUTTEPHBIN U KOJUIEKTOPHBIN MIEPEX0/1bl HAUMHAET T€Yb HE3HAYUTEIbHbBIA TOK, KOTOPBIN
Kak Obl MEPEBOIUT YCUIIUTEINb B ACKYPHBIN PEXUM, U3 KOTOPOTO OH MTHOBEHHO BBIMJIET, KaK

TOJIBKO Ha BXO€ ITIOSABHUTCS BXOI[HOI>'I CHUTHAJ.

3anmomHuTe: U1 pabOThl TPAH3UCTOPA B PEXKHUME YCUIIEHMS Ha ero 0a3y, OTHOCUTEIbHO
SMUTTEpPA, BMECT€ C HaNpsDKEHHEM BXOJHOIO CHIHAaJa  00s3aTeNbHO  MOJAETCS

MMOCTOSIHHOC HANPAMKCHUE CMECIICHUS, OTKPBIBAIOIICC TPAH3UCTOP.

ITpumep BbIOOpa paboueil TOUKKM TpaH3UCTOpa, PAOOTAIOIIEr0 B YCHIIMTENE Kilacca A,
IIOKa3aH Ha pucyHke . Ha 5ToM ke pHCyHKEe NOKa3zaHa KyCOYHO-JIOMaHHas anmpOKCHUMALHS
nepelaTOuHON XapaKTepUCTHUKU TpaH3ucTopa. M3rub nepenaTouHoi XapakTepUCTUKU B BEpXHEH
YacTH BBbI3BaH NMPUONMKEHHEM K HANpsOKEHUIO0 MCTOYHMKA NMuTaHusa. M3rub B HIDKHEN dacTu
XapaKTEePUCTUKH BBI3bIBAETCS HACKIILIEHNEM TpaH3ucTopa. Pabouyro Touky B ycuinuTene kiaacca A
BBIOMPAIOT OOBIYHO B pailoHe NMOJOBUHBI MUTAHUS TPpaH3UCTOpa. ICKITI0UeHHe MOYKET COCTaBIISATh

CWJIBHO HEJIMHEeHHas XapaKTepUuCTUKa TPaH3UCTOPA.

Ecnu monmate curran Ha Bxo11, TO BEIXOJHOM CHTHAN Y HaC Oy/IeT CHUMAThCS C PE3UCTOpa
R1. TouHo Take nmpu mojade CUrHajga Ha BXOJ 2, BBIXOJHOM CUTHAJ CHUMETCS ¢ pe3uctopa R2.

B pe3ynbpraTe Mbl OJIy4UM Pa3HUILY CUTHAJIOB.

Z[I/I(b(bepeHHI/IaHBHBIC YCUIINTCIHU, CIHCOHUAJIBHO MNPEAHASHAYCHHBIC JIA MCIUIHUHCKUX
ueneﬁ, Ha3bIBArOT (bHSI/IOJIOFI/ILIeCKI/IMI/I YCUIIUTCIAMUA; Y HUX 0oubIIIOE BXOJHOE COITPOTHUBJICHUC

1o 00ouM BXOJaM U XOpOoLICC ociabieHue CI/IH(baSHOl"O CHUI'Haja.

Pa3nnuaroT n1Ba pa3HbIX BUJAa BXOJHBIX CUTHAJIOB!

1. Cundasnbiii curHan—Ha 06a3ax 0O0OMX TPaH3UCTOPOB JCHCTBYIOT JABa HampsKEHUs,
OJIMHAKOBBIE 10 BEJIMUMHE U COBIaaroIue no dase.

Huddepenunanbupiii curHan Ha 6a3sl VI1 m VT2 monatorcst ABa OAMHAKOBBIX IO

BCIIMYNHE, HO IIPOTUBOIIOJIOKHBIX 10 (1)336 CurHala:
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B anasioroBoii cxeMOTEXHUKE IIUPOKOE PACHIPOCTPAHEHUE MOITYUUIH CXEMBI C SMUTTEPHO-
CBA3aHHBIMU TpaH3ucTOpamMu. Ha Takux TpaH3MCTOpax pealu3yrTCsl YCHINTENIH, CXEMBI
MEPEMHOKEHUS] CUTHAJIOB, CXEMBbI PETYJIUPOBKU YCUIICHHUSL.

HNuddepenumansubiii yeunurens (1Y) umeeT 1Ba BX0/1a U YCHIIMBAET PA3HOCTH BXOIHBIX
HanpspkeHuid. Cxema mpocreiimero JIY Ha OumnossipHBIX TpaH3uUcTOpax 0e3 Ieneil cMmelleHus

IIpUBEJICHA Ha puc. 1.
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1Y coctout u3 n1ByX ycunuTenei Ha Tpansuctopax VT1 u VT2 ¢
koJuiektopHbiMU Harpy3kamu Rkl u Rk2. DOMuTTEphl TpaH3UCTOPOB MOAKIIOUEHBI K
obiemy pesuctopy RD, TO €cThb 3TO IMHUTTEPHO-CBSA3aHHBIE TPAH3UCTOPHI. BBIXOMHOI cuUrHAN

CHUMACTCA MCKAY KOJUICKTOpAMMU:

Ve =Un —Up =(E—LyR) A(E— IRy =Ry +I R,

B JIY wucnosb3yroTcs MOJHOCTBIO HMICHTUYHBIE IO XapaKTEPUCTUKAM TPaH3UCTOPHI
(cormacoBaHHbIe Mapbl) U ofauHaKoBbIe pe3ucTtopbl Rk. B orcyrctBue curnama (usx(t)=0) ans
uzeanbHO 110100paHHOM apbl TPAH3UCTOPOB MOCTOSIHHBIE HANPSHKEHUS HA BXOJIaX TPAaH3UCTOPOB
paBubl U6310 = U6320, 3HauuT, paBHbI KoJuiekTopHbie Toku 1k10=1k20.

IIpu sToM u3 (1) cnenyer, 4TO BHIXOAHOE HANIPSHKEHNUE CXEMBbI

Usbsix0=0.



Ecmu nHa o6a Bxoma 1Y momare onuHakoBbie cuUrHaNbl UBX(Y) (cuH(A3HBIA BXOIHOM
CHTHAJI), TO HAIIPsDKEHHS Ha BXOAaX TPAH3UCTOPOB OYIyT U3MEHATHCS Ha OIMHAKOBYIO BEITHUUHY,
TaK KaK MOTEHIHAbl 3MHUTTEPOB TPAaH3UCTOPOB OJMHAKOBBL. To ecTh, UO31(t)=ubn2(t) wu
NePEMEHHBIE COCTABIISIONINE KOJUIEKTOPHBIX TOKOB TpaH3ucTOpoB Toxe paBHbl iK1(t)=ik2(t). [Tpu
stoM u3 (1) BeIXOIHOE IepeMeHHOe Harnpshkenue UBbIX(t)=0.

Taxum o6pazom, /1Y npakTudecku He ycuiauBaeT CUHH(a3HbIii curHair JT1o cBoiictBo Y
o0ecrieynBaeT MOMEX03alUIIEHHOCTh CXEMBI, TaK KaK IMOMEXH — CHH(A3HbII CUTHAIL. DTO XKe
CBOMCTBO OCHalisieT W TeMIepaTypHBIH Ipeii) TOKOB B 00EMX BETBAX CXEMBI, TaK KaKk OH
NEeMCTBYET aHAJIOTUYHO CUH(A3HOMY CUTHAIY.

Ecnu BxonHoit curnan Usx(t) mogars Mexay 06a3amMu TpaH3uCTOpoB (auddepeHanbHbIi
curHain), To U6s oxHoro u3 Hux (HampumepVT1) yBennuutces Ha UBX(T)/2, a UG32 — yMEHBIIHUTCS

Ha UBX(1)/2.

OpauH U3 NpuMepoB — 3TO MEKTpokapauorpad (3.K.r.), IpUMEHSIEMbIH B MEIUIIMHE JIJIS
perucTpamnuu 3IEeKTPUUYECKUX UMITYIbCOB, BO3HUKAIOUIUX NMpHU paboTe cepamna. YToOwl ylIoBUTH

9TH UMITYJIbChI, TPEOYETCSI pa3MECTUTH AJIEKTPO/IbI HA TEJIE MAlUEHTa.

Ho m1060i, KoMy 10BEN0CH KOT1a-1100 KOCHYTHCS MaJIbIEM BX0/1a AyAU0YCH- JINTEISI WU
ocrmutorpada, 3HaeT, 4To Ha Teyie 4elloBeka HaBOIATCA SO-TepiHbI MEPEeMEHHBIA CUTHAI OT
CETH, a TAK)KE Pa3HOTO POJIa TOMEXH OT OBITOBBIX 3JIEKTpUUECKUX IpubopoB. BoT mouemy cinengyer
OKUJaTh, YTO COBCEM MAaJCHbKUE CUTHAJIbI, WAyIIME OT CEpAlld, BEJIMYMHOW BCEro JIMIIb B
HECKOJIbKO MUJITUBOJIBT, YTOHYJIH ObI B 3TOM (poHE 1 HaBeZeHHbIX ToMexax. JuddepenunanbHbiit

YCUJIUTEIb MO3BOJISIET PEIIUTD ATY MPOOIEMYy.

Ha puc. cxemaTndecku moka3aHo, Kak MOXHO IPUMEHSTH AU PepeHIuaNbHbIN yCUTUTENb
B MOJIOOHOTO poja ciaydasx. Pa3HOCTh MOTEHIIMAIOB MEXKIY JABYMS 3JEKTPOJaMU MPEACTaBIsSET
co0oil mose3Hpld curHai, a OoJbIION MO BenuurHEe (OH JNEHCTBYET Ha OOOMX AIIEKTPOJaX U
MOTOMY sIBIIsieTCSl CUH(a3HbIM curHanoM. [{uddepeHnunanbHplii yCUIUTENb YCUIUBACT MOJIE3HBIN

CHUTHAaJI U 0CIa0IsgeT CI)OH, KOTOpBIﬁ HAaBOJHTCA HA TCJIC, @ TAKIKC HA COCIUHUTCIIbHBIX ITPOBOAAX.

Bxoanble nenu ycuiauresieil 0MONoOTeHUMATOB
DOnexkTpo(U3NONOTHYECKHE  CHUTHAIBI  MPH  Pa3iMYHbIX  METOJaX  perucTpaluu

6I/IOHOTCHI_[I/I8.J'IOB HU3MCPAIOTCA € IMOMOMIBIKO JJICKTPOJAOB, PACIIOJIOKCHHBIX OIPCACICHHBIM



00pa3oM Ha IOBEPXHOCTH TeJa (MU BBEACHHBIX BHYTPb OpraHM3Ma) B COOTBETCTBHH C HEKOTOPOI
CUCTeMOM oTBeIeHUH. VICTOUHHKYN BO30YKIEHUS I Pa3HBIX METOJIOB pa3lInvHbI, pasHOOOpa3Ha
dbopmMa M mapaMeTpsl PETHCTPUPYEMBIX MOTEHIMANIOB, pPA3IUYHBl MapaMeTphl CUTHAJIOB,
NEepeAaoNNX JAUArHOCTHUECKYI0 MH(POPMALMI0O O COCTOSHUM opraHu3ma. OMNbIT IMpoBEACHUS
MCCIIEIOBAaHUI MO3BOJISIET YCTAHOBUTD, YTO JABOMHBIE aMILUTATY/IbI TIOTECHIIMAIOB KUBBIX 0OBEKTOB
nexar B mpenenax ot 5 MxB g0 120 mB, amanason uwactor ot KI™* mo 10° I'm u Beume. Ilpu
KJIMHAYECKUX HAOIIOACHUAX, KOHTPOJIE 32 COCTOSIHUEM U B PSJIE UCCIIEAOBAHHUMA 3TH TUAITA30HbI
OTPaHUYMBAIOTCS 3HAUCHHSIMH NapaMEeTPOB HEKOTOPBIX OMOJOTHMUYECKHX CHTHaNoB (Tabm. 2.1).
OpHako ecTb psiji 00MKX 0COOEHHOCTEN 3TUX UCTOYHUKOB BO30YKIEHHUSI, KOTOPBIE U OTIPEAETISIOT

cnenu(UKy perucTpani OMOMOTEHITUATIOB.

Tabmuma 2.1 XapakTepruCTUKU NEKTPUYECKUX CUTHAJIOB JIJIS1 Pa3JIMYHbIX

ANMEKTPOPUZUOTIOTUUECKUX METOJIOB (B Y3KOM CMBICIIEC)

[Tapame OKT 20r OMI' 20 KI'P
P r
AMIun 0,1...5, 0,02 0,01 0,02 1...1
Tyna, MB 0 ...0,3 ...1,0 2 00
ITonoca 0,01... 0,1... 1...1 0... 0,05
4acToT, [t 2000 2000 0000 30 ...10
Ilpumeuanue. O6o3naueno: OKI' —  osmekrtpokapmuorpadus; 991 —

anektposnnedanorpadus; IMIT — anexrpomuorpadus; 0" — anexrpookynorpadus; KI'P —
KOKHO-TJIbBAHUYECKasi PEaKITusl.

OCHOBHOI 0COOCHHOCTBIO OHMOJIOTUYECKUX HMCTOYHHKOB 3JICKTPUYECKUX IMOTCHIIUAIIOB
SBIISICTCSI HECTAOMIIBHOCTh MEXKAJIEKTPOJHOTO COMPOTHUBIICHUS, BKJIFOYAIONICTO TEPEXOIHBIC
COIIPOTHUBJICHUSI CUCTEM «KOXKa — AJIEKTPOJHT - JEKTPO». MEXINEKTPOTHOE COTIPOTHBIICHHE
COOTBETCTBYET BHYTPEHHEMY COTPOTHUBICHHIO MCTOYHHMKA BO30yxaeHus Ri, 6 mporecce
JUTUTENILHOTO HCCe0oBaHus u3MeHstoniemycss B npeaenax 103%.. 10° Owm, uro ompenmenser
MUHUMAJILHO JOTYCTUMOE 3HAUCHHE BXOIHOTO COMPOTUBIICHUS YCHITUTEIIS.

[Ipu onieHKe 0COOEHHOCTEH UCTOYHHUKA OMOTIOTEHIIMAIIOB HEOOXO0JMMO TaK)KE YUUTHIBATH;

- HECTaOWIILHOCTh BHYTPEHHErO COMPOTHBIICHUS 3a CYET W3MEHEHHS COMPOTUBIICHMIA
MIEPEXO0JIOB «KOKa - AJIEKTPOI»; MPU ITOM MPHUXOAUTCS CUUTATHCA C OONBIIMMH 3HAUYCHUSIMU
MEXDJIEKTPOIHBIX COMPOTUBIIECHUH, UX pa30allaHCOM B ONpEeAETICHHON CUCTEME OTBEICHMUIA;

- 00pa3zoBaHue Ha MIEPEeX0JIax «KOXka - HNEKTPO 1 HAMPSHKEHUH MOJSIPU3aliY, CO3JA0IINX
Ha BXOJIE YCHJIUTENS HANpsHDKEHHUS CMEMICHHs, KOTOphle MOTYT JocturaTth BenuuuH +300 MB;

TAaKOC HAIIPAKCHHUEC MOIKET BbI3BATb HACBIIICHHUC YCUIIUTCIIA,



- ME/IJICHHBIH peii HanpspKeHUs NOJSPU3aLUH  PE3KHE er0 U3MEHEHHUS TPH CMEILEHUAX
JIEKTPOJIOB, BBI3BAHHBIX JIBWKEHUSIMHU IALMEHTA; CKAYKU HANpsHKEHUH CO34a0T TPYIHO
yCTpaHUMBbIE IEKTPUUECKUE TIOMEXH;

- HaJIM4YMe HaMPsDKCHUH TIoMeX, monaaaromux Ha Bxoabl YBII cundazno u npotuBodasHo;
IIOMEXHU MOTYT ObITh OMOJIOTHYECKOTO (OMOMOTEHLINANBI APYTUX, HE UCCIIEYEMbIX B KOHKPETHBIN
MOMEHT OpPraHOB M MbIII) W (u3uyeckoro (HaBeJACHHBIE Ha OOBEKT HAMPSHKEHHUS OT
HEIKPAHUPOBAHHBIX YYaCTKOB CETEBOW IPOBOJAKH, CETEBBIX IIHYpPOB U JpPYrux INpUOOPOB)
IIPOUCXOXKACHNUS;

- HAJIMYUE UMITYJIbCHBIX TIOMEX MPU BO3JIEHCTBUU HAa 0OBEKT TEPANIEeBTUYECKUX alIapaToB,
KaK, HalmpuMmep, B 3JIEKTPOKApAUOrpadUUYECKUX HUCCIETOBAHUSAX IPH  HCIOJb30BaHUU
KapAMOCTUMYIISTOPOB WIN JePUOPHILISTOPOB.

[lepeuncnenHble OCOOCHHOCTH MCTOYHMKA BO30YKIEHUS B 3HAUUTENBHON CTENEHH

OTIPEICIISIOT IOCTPOCHUE YCHIIUTEISI OMOMOTEHIINAIOB, OCOOCHHO WX BXOJHBIX Hernei. [3]



