NUHTEI' PAJIBHBIE MUKPOCXEMbI

[Ipn mpoeKTHpoBaHIII AMETPOHHBIX CPEIACTB PA3MITMHOIO HazHAYeHIIT
ICIIOJNIBRYIOTC S He JIICKPETHBIE 3IeMEHTHI ( TPAH3ICTOPEL, JIOABL, Pe3ICTOPEI,
KOHIEHCAaTOpPhI ©W T IL), a 3akOHUeHHble (PYHKIMIOHANbHBIE V3T,
BBITIOJIHEHHEIE B BIIJIe MHTeT palbHEIX cXeM (HC).

Takoll moaxom IMO3BOIIET SHAUNTENILHO IIOBBICHTH CTaTIMecKIIe,
AMHAMITYECKITe,  SKCIUTyaTallIOHHBIE 11 HaJe/KHOCTHBIE  IIOKazaTelml
almIaparypel,  CVINECTBEHHO  VAEIIEBUTh I COKPAaTUTh  CPOKI  ee
IPOEKTIPOBAHIIA, KOTOpoe (PakTIMecKN CBOANTCA K pazpaboTke CTPYKTYPHL,
VIOBIETBOPSIOITEIl IIOCTAaBIeHHEIM TPeOOBAHIIIM, BEIOOPY HeoOXoarMEx HC

IT COITTAaCOBAHITIO ITX BXOJIHbBIX XAPdKTCPIICTIIK.



UHTEI'PAJIBHBIE MUKPOCXEMDbI

HaTerpanpbHad MHKpPOCXeMa — SIeKTPOHHAd CcXeMa  IIPOI3BOIBHOIT
CIOAHOCTH (KPHCTAII), M3TOTOBIEHHAd Ha IOIVIIPOBOTHIKOBOI  ITOIOKKE
(ILTacTIHE I IIEHKeE ) I IOMEIeHHAd B Hepa30OPHENT KOPITVC, IO Oe3 TAKOBOTO, B
CIVyae BXOKIEHIIA B COCTaR MIKPOCOOPKH. bBolbImagd 4YacTh MIKPOCXeM
I3TOTARMBAETCA B KOpIvcax [Id IOBEPXHOCTHOIO MOHTaxka. ‘dacTo IIoj
unmezpanrvron cxemon (I1C) mMoHIMAamT COOCTBEHHO KPHCTAMI IO IIEHKY C
3TMeKTPOHHOI cXeMOIL, a og Mukrpocxemon (MC) — IIC, 3aKTHOUEHHVEO B KOPITVC.




TEXHOJIOI'MU U3T'OTOBJEHUA UMC

IuTerpagbHasa MukpocxeMa (IIMC) npencrapndeT coboil MHKpOCXeMY, BCe HIH 4acTh SJ€MEHTOB

KOTOpOIT HepasgelbHO CBA3aHBI H 3MEKTPHYECKH COEIUHEHBI MeAay coloil Tak, 4YTO YCTPOHCTBO
paccMaTpHBaeTCA KaK €qHHOE LIeNoe.

IMC 1mi ¢ GopKy MOAHO MOIYIHTh THOO B IUTACTHHE TBEPIOTO MOMVIIP OBOIHHKOBOTO MaTepHala, Moo
Ha €ro roBepPXHOCTH. B repBoM ciiyuae B TMOJYIPOBOJHHKOBOM MaTe€pHalle CcO3IalT CJIOH PEe3HCTOPOB,
CTPYKTYPBl TPaH3SHCTOPOB, JHOAOB H KOHIEHCATOPOB, HecyIIHE 3aJaHHBIE 3MeKTpoHHbIe (yHKIpH. Takie
ITMC Ha3pIBAKTCA MOJIVIP OBOJHHKOBBIMH ( HJIH MO HOTHTHBIME).

Bo propoMm ciaydae Bce smeMeHThI ITMC (KpoMe aKTHBHBIX) HAHO CAT Ha JIBIEKTPHUECKYIO TLTaCTHHY
(MOOMOKKY) B BHIE MOMHKPHCTATIIHYECKHX HIHM aMop(HBIX cloeB (ITUT€HOK), BBIMOJHAWMIEK 3aJaHHbIE
(pPYHKITHII [Tac cHBHBIX 3MeMeHToB. ITomydeHHyo ITMC mpi HeoGxoaHMO CTH ITOMEI[AKT B KOPITYC ¢ BHEITHHMH
BRIBOJIAMH. AKTHBHBIE€ 37eMeHTh (JUHOARI H TPAH3HCTOPRI) «HABEIIHBAKT?» HA IUIEHOUHYK CXEMY, B
Pe3VIbTaTe Uero Mofyua T CMellaHHYI0 (TUeHOoYHO-gHCKpeTHYH ) IIMC, KoTopyio Ha3biBalOT THOPHIHOM.
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TEXHOJIOI'MU U3T'OTOBJEHUA UMC

I'idprgHaa IIMC (T'TIC) — 3To rHOKHI, JelieBbIii, OMepaTHBHO MpoeKTHpyeMbll TH T1C,
XOPOIIO TIPHCIIO COOMEHHBINT K PeMEHH0 CMEL[HANBHBIX YacTHRIX 3amad. Crerqiprkoil I'TIC moryT
ObITh  JTHOO  BBICOKHE HOMHHAJBI PE3HCTOPOB H  KOHAEHCATOpOB, HETOCTHAIMBIE B
MOAYIpOBOOHHKOBBIX  TIMC, mido Mpeli3sHOHHOCTh  (BBICOKAA  TOUHOCTB)  PE3HCTOPOB,
00V CTOBIEHHBIX TeM, UTO HX HOMHHAIbI MO/KHO MOJTOHATh A0 3aBepIIeHHA TEXHOIOTHIeCKOro ITHK A
1 riomenteHHA TTIC B koprmyc., MO0 MoBbIM eéHHaA (PYHKIIHOHAIBHAA ¢JI0KHO CTh.

OpHako HaHOoIee pacrpocTpaHeHbl Ha TPaKTHKE M IePCTIeKTHBHBI TMOIYTIPOBOIHHKOBBIE
ITMC, T K. OHH MO3BOJAKT CO37aBaTh HaJekHBIE M TOCTATOYHO CHOAHBIE B (PYHKIIIOHAIBHOM
OTHOIIEHUHAIEKTP OHHbIE VCTPOHCTBA MalbIX pa3MEPOB TIPH HE3HAYHTENbHOI HX CTOHMOCTH.
XapakTepHoi 0c00eHHOCTh NMOayrpoBoaHHKoBOH IIMC ABNIA€TCA OTCYTCTBHE CpPeqH €€ 3NeMEHTOB
KaTYIIKH HHAYKTHBHOCTH H TpaHcdopMmaTtopa. 3To o0bACHAETCA TeM, YTo J0 CHX I[I0P He yIaloch
HCIIOMB30BaTh B TBEPJIOM  Telle  KakHe-mHbo  (usiueckie  ABI€HHA,  HKBHBAJIEHTHbIE
3IEKTPOMarHHTHO HHIVKLIHH.
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NUHTEI'PAJIBHBIE MUKPOCXEMBbI

DyHKLUHOHAMBHYK — cnokHOocTh  IIMC  mpHHATO  XapaKTepH30BaTbC TEIIEHBIO
HHTErpaLilHd, T. € YHCJIOM 3JIEMEHTOB (Yalllé BCEro TPaH3HCTOPOB), BXOMAINIX B COCTAB
ITMC. B 3aBHCHMOCTH OT KOJTHYECTBA 37IEMEHTOB B CXEME pas3IIaiT:

1. IIMC mepBoii cTemeHH HHTErpaLii, cofgepxamue 10 10 3neMeHTOB,
2. IIMC BTOpOI ¢ TEMEHH HHTErpaLiiH, cogep:kame oT 10 1o 100 31eMeHTOB,

3. IIMC TpeTtherl ¢cTerieHH HHTErpatyH, cogep:aamrie ot 100 go 1000 sneMeHTOBH T 1.

[THTerpanbHBIe MHKPOCXEMBI, comepskamue Oonee 100 3meMeHTOB MPHHATO HA3bIBaTh
O0OJBIIHMH  HHTerpaJdbHbIMH cXeMaMH (BHC). IloBbimieHHe cTereHH HHTETpaLiii
MHKPOCXeM H CBA3AHHOE ¢ 3THM YMeEHRIEHIHE Pa3MEPOB 3TEMEHTOB HMEKT OMPEIENeHHbIE
mpefenbl. ITIHTErpaifiad CBRIME HECKOJNBKHX JECATKOB ThICAY 3JIEMEHTOB OKa3bIBAETCA,
SKOHOMITUE CKH HELIENeco00p a3HOIT H TeXHOMOTHYE CKH TPYAHO BBIMOIHHMOIL.



TUIIbI JIOI' UKW UMC

MHuKpocxXeMbI HA NOJIEBBIX TPAHZHCTOPAX — CaMbI€ SKOHOMHYHBIE (HD ToTP eOJIeHHIO 'TDKFI) .

—~ MOITII-norika (MeTaT-0KCHI-TIOMYTIPOBOJHHIK JIOTHKA) — MHKPOCXeMbl (pOpMHPVIOTCA H3 TOJIEBbIX
TpaHsucTopoB #-MOII v p-MOIT Tira;

-~ EMOII-morika (komroieMeHTapHad MOII-morika) — KaaZdblH JOTHYECKH 3IEMEHT MHKPO CXEMBI
COCTOHT H3 [Mapkl B3aHMOIOMOMHAKIHNX (KOMILIEMEHTAPHBIX ) MTOJEBRIX TP aH3HCTOPOB (11-MOIT 1 p-MOII).
CymecTByeT TaK:kKe cMellaHHad TexHomoria BiCMOS.

MHuKpocxeMbI HA ﬁHI[DI[H]] HBIX TPAHIHCTOPAX .

- PTJI-nmorika — pe3sHcTOPHO-TP aH3HCTOPHAA JIOTHKa (VeTapeBa, 3aMeHeHa Ha TTJI),

- I TJI-nmorika — gUogHO-TPaH3IHC TOPpHAaA JIOTHKa (VeTapeBina, 3ameHeHa Ha TTJI),

- TTJ-morHka — TPaHIHCTOPHO-TPAH3HCTOPHAA JIOTHKA — MHKPOCXEMbl clIelaHbl H3 OHITOJAPHBIX
TPaH3HCTOPOB ¢ MHOTOAMHTTEPHBIMH TPaH3HCTOPaMH Ha BXOJIE,

~ TTJIII-norika — TPaH3HCTOPHO-TPAH3HCTOPHAA JIOTHKA ¢ JHogamH [TIoTKH — ycoBepeHcTBOBaHHAA
TTJIL, B KoTOpOI1 HCTIONB3VIOTCA OHITOMAPHBIE TPAHIHCTOPBI ¢ 3 ek Tonm ITloTrH.

- DCJI-moriKa — SMUTTEPHO-CBA3AHHAA JIOTHKA — Ha OHIIONAPHBIX TPaH3HCTOpPax, pPeKHM padoThl
KOTOPBIX TIof00paH Tak, 4ToObl OHH HE BXOOHIH B PEKHM HachIeHHA,— 4YTO CYIIeCTBEHHO IMOBBIIIAET
OBICTpONIEIICTBHE,

- ITITJI-moriuka — HHTETPaIbHO- HHAK EKLIHOHHAA TOTHKA.



TUIIbI JIOI' UKW UMC

KMOIT 1 TTJ (TTJIII) TexHOMOTHH ABMAKTCA HaHOoMIee pacrpocTpaHEHHBIMH JTOTHK aMH
MHKPO cxXeM. e HeoOxXoHMo SKOHOMHTE Mo TpedneHHe Toka, mpimeHAnT KMOII-TexHomorHmo,
I BaKHEE CKOPOCTh H He TpedyeTca KOHOMIA MoTpedndeMoil MomHo cTH npuMenanT TTJI-
TexHonorn. Crnabeim MecTom KMOII-MikpocxeM ABTAETCA VAIBHUMOCTh K CTaTHYECKOMY
WEKTPHUECTBY — TOCTATOUHO KO CHYThCA PYKOM BRIBOTIA MHKPOCXEMBI, H €€ LIETN0 CTHOCTD ViKe
He rapaHtipyetcd. C passumieM TexHonaordd TTJI u KMOII MHKpocxeMBl o MapameTpam
cOmikaTcd. MHKpOCXeMBl, H3rOTOBIeHHBIe Mo SCJI-TeXHONOTHH, ABMAKTCA  CaMBbIMI
OBICTPBIMH, HO M HaHOoNMee SHEPronoTPedAIMHMHE, H MPHMEHATICh TpH TMPOH3BOICTRE
BRIUHCTHTENEHOI TEXHHKH B TeX CIyYaAxX, KOIla BaAKHENIHM IMapaMeTpoM OblMa CKOPOCTh

BRIUH CIIEHHA. CelTuac 3Ta TeXHOIOrHA He [MOJIBIVETCA PEIKO.



YenaureabHbIE YCTPOMCTBA

[Ipm  mocTpoeHIMI — YCIUMTENBHBEIX — VCTPOICTB  HANOOTBIIEe
pacrpocTpaHeHIle IONMYyIIIII KacKaJZel Ha OIMOMAPHBIX I TIOJEeBBIX
TpaH3UCTOPaX, HCHOMB3VIONIIIE  COOTBETCTBEHHO  CXeMBl  BKIIFOUEHIA
TPaH3MCTOpa ¢ OOIIIM SMUTTEPOM 1 OOIIIIM HMCTOKOM. Peske HCTIONL3YIOTCA
CXeMBbl BKIIOUEHITd ¢ OOMIIIM KOIIeKTOPOM I OOMIIM CTOKOM. (CXeMbl
BKITFOTEHITI ¢ OOIMeil 0azoil 1mi OOIMIIM 3aTBOPOM HAXOAIT MpUMeHeHIle B
V3KOM KJacce YCTPOIICTB, HAIpIMep, BO BXOMHBIX IEIIX PaIlOIIPIeMHBIX

VCTPOIICTB B AUarazoHe Y KB.
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JJIEKTPOHHbIE YCUJIUTEIHN

Ycunumens — 310 yCTPOHCTBO (YETRIPEXNIOIIOCHHK), YBEIHYHBAIOIIEe
MOI{HOCTE CHI'HAJIA.

YCHAHTENH HCHOIB3YIOTCS IUIA KOMIICHCALlHHM TIOTEpPh INpH Nepenaue
HHQOPMALMOHHKIX CHIrHanoB Ha GonbmKe paccrosHums, ais obecrieyeHus

paboTEl PErHCTPHPYIOMIMX YCTPOHCTB, ML CO3ZaHMA HOPMANBHEIX YCIO-
BHH BOCHPHUATHS HH)OPMALIHH 4EJT0BEKOM H T. A

[lo ychimBaeMOH 2JIEKTDHYECKOH BEIWYHHE pa3MYAIOT yCuURumenu
mowrocmu, nanpaxcenus u moxa. KodxpouuueHt nepesayd YCHIHTENS 110
OTHOMY H3 YKa3aHHBIX JJICKTPHYECKHX NapaMeTpoB, KAaK NIPaBHIIO, MHOTO
Gonbme epuunubl. [To apyrum napamerpam ko> pHLHEHT NEPEAYH YCH-
IHTENA MOXeT OniTh MeHblne eguHANE. OAHAKO Y BCEX YCHJMTENeH 1o
ONpENENCHHIO KOOX(Q(QHUHEHT Nepefayd MO MOIHOCTH JODKeH ORIThH
bonpe exuunis. [loaToMy, HanpuMep, NOBRILIAIOMKHA TpaHCHOPMATOD, Y
KOTOPOro KO3QOHUHEHT NepeiadH Mo HaNpHKEHHI0 MOXeT OriTs Gonbine
€AHHHKIEL, K YCUIIHTENNSIM He OTHOCHTCSL.



JJIEKTPOHHbIE YCUJIUTEIHN

[Io ncrionp3yeMsiM 3eMEHTaM paznvMyaloT YCHIMWTERH HA TPAH3HCTO-
pax, MHKpOCXeMax, AHOAAX H T. . YCHIHTEAH HA TPAH3HCTOpax M

MHKpOCXeMax IIHPOKC HCHOAB3YIOTCS B KOMIBIOTEpAX.

Ycunurean KIacCHOHUMPYIOT TakoKe 110 4MCIly KaCKaaoB, 10 HazHaue-

HHIO, 110 TOJ0CE YCHIMBAEMBIX 4acTOT, IO XapaKTepy YCHAHBAEMOrO CHr-
Haja 4 T. [.

OCHOBHEIMH NOKA3aTEJIAMH YCHIMTENIA ABJIAIOTCH KO huyuermol ycu-
NEHUA RO HANDANCEHUIO, NO MOKY, NO MOUWHOCTU.

Kuz('{nux; KI:IJ.!H:; K =‘Pnux’
Uy I, " P,

a maxxce 8xoonoe Z,, u 8uixoonoe Ly, conpomusnenus. K NOnoaHu-

TENBHBIM NapaMeTpaM YCHIIHTENA OTHOCAT: KOIDOHIHEHT HOIE3HOro AeH-

CTBHH, noTpebingeMy0 OT HMCTOYHHKA IIHTAHHHN MOWIHOCTH, HEIHHEHHHIE
HCKXEeHMA, Maccy H rabapuTh 1 T. 1.



JJIEKTPOHHbIE YCUJIUTEIHN

K = K(0)e™"

3ABHCHMOCTE MOIVIIA EDHd)(bHLlHEHTEi VCHIICHHA OT YaCTOTBI HA3BIBAKT am-
niumyoxo-4acmomuoil xapaxmepucmuxoti (AUX). a 3aBHCHMOCTh apryMEHTa —
dazouacmomHoil xapaxmepicmurotl (OUX).

K(f) A

Puc. AUX



JJIEKTPOHHbIE YCUJIUTEIHN

AMIUTHTYIHO-YACTOTHAA XapakTepHcTHka (AYX) — 3TO 3aBUCHMOCTE
MOAyIA Ko3(pQUUHEHTa VCHIEHHS OT YacTOThl FapMOHHYECKOro CHrHana, K (o),
puc. ITo AYX MOKHO OnpelenHTh MONIOCY VCHIHBAEMBIX 4acToT. E€ IpHHATO

CUHTATh DTpEiHHHEHHDﬁ aCTOTaMH. Ha4a KOTOPBIX KDH@)(})HHHEHT YVCHIICHUA

—
VCHIHTENS YMEHBIIACTCA B +/2 pa3 OT CBOETO MAaKCHMAIBHOI 0 3HAUCHUA. ECIH OFI
B VCHIUTENE He OBLTO HCKa:KeHH, To AUX mpencrapnana Obl OPAMYIO THHUIO, T.€.
ONIUHAKOBO VCHIMBATHCE OBl CHTHANEI ¢ 4YacTOTOH oT 0 mo <. IIpHUMHOIA

JACTOTHBRIX HCKAKECHHI ABIASTCA IMPHCVICTBHC B CXCMC VCHIIHTCIIA PCAKTHBHEIX

ANEMEHTOB. -
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JJIEKTPOHHbIE YCUJIUTEIHN

da3zouacToTrHas xapakrepucTaka (OUX) onmceiBaeT 3aBHCHMOCTh VIJia

CIBHTIA (bﬁB_. BEHOCHMOTO VCHIHTCJICM, OT HaCTOTEI 'APMOHHYCCKOI'O CHI' HAJlIA. (p((!C]J

OUYX  ycHmHTend 0e3  (a3z0BBIX HCK&KCHHH - 3TO mpaMas ITHHHAL
MPOXOIAIIad uepes Hauano KOOPAUHAT (MYHKTHPHAA THHUS Ha PUC. Q).
@a30Bele HCKAKEHHA BO3ZHHKAKT M3-32 HEMOCTOAHCTBA (PA30BOrO CIBHTA

OITA PaA3THYHBIX I'APMOHHYHBIX COCTABIIARO IITHX.
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Puc. @YX ycunurens (a) 1 aMIUTUTYIHAA XapakTepPHCTHKA (6)



JJIEKTPOHHbIE YCUJIUTEIHN
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Puc. nepedamounaa (aMniumyoHas ) XapaKkmepucmuxa
— 3ABHCHMOCTE dMILIHTVIEI EXOOHOI'O CHI'HAIA OT aMILNIHTVAEI BEXOOHOI'O.

T

MuHHManbHOE BXOIOHOE HampskeHue U, .

BECHHBIX IIVMOB VCHIHTCIIA, HaA @DHE KOTOPEBIX MOKHO BBLICITHTH IOJIE3HEIH CHT-
Han. OTHOIIEHHE MAKCHMAIBHOTO BXOIHOIO HAIMMPAACHHA K MHHHMAIBEHOMY Ha-
SBIBAKOT NHHAMHYCCRKHIM THAIIA30HOM: [

OTpaHHYEHO YPOBHEM COOCT-

U '

BX min



JJIEKTPOHHbIE YCUJIUTEIHN
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Ycunmarens
(o —O
|—; Brewmnss obpamuas céa3p CO3AaE€TCA CrEHHAIBHO
< BKJIIOYEHHBIMH 4YETRIpEXTIOIOCHHKaMH 00paTHO# cpa3u (pHc. 1).
oC “
Hem [TlapameTpri 06paTHON CBR3H B 3TOM CJIy4ae MOXKHO JIETKO

r) peryiHpoBarh. B 3aBHCHMOCTH OT CIIOCOOOB COEIMHEHMA
YCHIMTEN K YETHPEXNOJIOCHHKA 00paTHOH CBA3M paiTHYAOT YETHIpE BHJA BHEIIHEH
obparnoit cBsizu: nocnegosarenpHas OC no Hanpsokenuio (puc. 1, a), mapamnensnas OC
no HanpsoxkeHuio (puc. 1, 6), napamnenshas OC no 7Toky (puc. 1, B) B nocaeaoBareabHas

OC no Toxy (puc. 1, r). Ctpenkamu Ha puC. 1 NOKa3aHC HAMpaBICHHE riepeJadyd CHIHAIOB
B YETHIPEXIIOIIOCHHKAX.



JJIEKTPOHHbIE YCUJIUTEIHN

Ha npakruke HarbGonee yacto npumeHnserca nociaenosareapras OC no
HalpsHKEHHIO. BEIXOJHOE HANMpAXKEHHE YCHAMTENA B OTOM Ciydyae Iio-
crynaer Ha Bxoa nenn OC, a BRIXoAHOE HanpsHKCHHE YETHIPEXIONIOCHHKA
OC BBOAWMTCA HA BXOAE YCHJAMTEIS NOCACAOBATEJNBHO C BXOJHBIM
curHanoMm. BrixopHoe HanpspkeHue ycmiurtens pasHo U, = KU,

rae K — xo3PHIHEHT YCHICHHS HCXOLHOI'C YCHIIHTENM.
BeixoaHoe HanpsbkeHne nocrynaet Ha sxog uenn OC.
B CBOI0 ouepens BeixoaHoe Hanpsbkenne nenn OC paBHO
=pU,,, rae B — xodbduumenT nepenaun yernpexnomocuuka OC.

PI3 aHa/in3a CXeMhel pHC. 1, a cienyeT, 4TO HaNps KeHHE Ha BXOAE yCHAHTE-
A5l PABHO CYMMe BXOJHOTO HAINDSOKEHHs 1 HANPSOKEHMS, TIOCTYAIOWEero OT
yetapexnomocunka OC: U =U,, + U, . Cie0BaTeIbHO, HANPSKCHHE HA

BHIXOJE YCHIIHTENs MOXHO npeacrasuts B euge U, . = KU, +BU,..)-

PazzenuB JEBYI0 H IpaByI0 YacTH JTOIC COOTHOLIEHHS Ha aMIUIHTYRY
BXOJHOIO HAaIpsKEeHHH, nocae npecbpazoBaHud NOAYYHM BRIpaOKEHHE IS
KOMILIEKCHOIO KO3(h(PHIHEHTA YCHIICHHS YCUIHTENA ¢ 0OpaTHOM| CBA3BIO

Kk --X_. (1)



JJIEKTPOHHbIE YCUJIUTEIHN

Mnozoxkackaonste yeunumenn. J{J TONTYYEHIA HEOOXOQUMOIO YCHIEHHS HC-
IONB3VIOT YVCIIHTENH, 00Pa30BaHHbIE [TOCTENOBATENBHEIM COEJUHEHHEM HECKOINBKHX
3BEHBER WIH Kacka1oB. OOBIUHO UHCIIO KACKAIOB PABHO JIBYM-TpeM. IIepBhIil Kackas
CITYUT IUIA TPEIBAPUTENBHOTO YCHIIEHHA CIa0bIX CUTHAIOB, MMOCTYIAIINX Ha BXO/
ycTpolicTBa. I 3TOr0 HCMONB3VIOT VCHIMTENH HANPAKEHHS. BBIXOMHONH Kackas
CITYKHT [UIA IEPEJaul B HATPY3KY CHIHalIa He0OXOIUMOIl MOIITHOCTH.

Ko3hdulHeHT yCHIIEHHS MHOTOKACKaJHOTO YCHIHTENS PaBEeH MPOHM3BEIE-

HHUIO KO3 UIIEHTOB NIepeIadll OTAENbHEIX KaCKalOoB: o
K=K, K, K,.

Ecnu ucnons3yercd morapupMHUecKuii Macmrad, pe3yabTHPYIOIIHI Koad-
(QUITEHT VCHICHNSA PaBEH CYMME Jorapu(GMUUecKuxX K03 QUIHEHTOR OTACIBHEIX

KacKa/I0B: K(1B)=K,(uB)+ K, (1B) + K, (1B).

KDHq)q)HHHEHT [IONE3HOr0 NeHCTBHA VCIUIHTCIA NPECACTABIACT OTHOIICHHC
MOIIIHOCTH. OTOABAEMOI B HAI'py3KVy. K MOIIHOCTH, HDTIJE&TIHEMDITI OT HCTOUHHKA
IIHTAaHHA. P

T'I —
P

HCT

KIIJ nMeer ocoboe 3HAUEeHHE A BBIXOIHBIX KACKaIOB VCHIHTENEH, MO-
CKONBKY OHH MOTPEOIAT OONBIIYE) YACTh MOIMIHOCTH HCTOUHHUKA MHTAHUS.



JJIEKTPOHHbIE YCUJIUTEIHN
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KoagpnmmenT yemmena o MomHocti: Ky 5 =10/gK ,=101/g

=50

Koadyprmmme HT yenme HItd 1Mo HaNpsKeHIo: K 4,z =201g K ,=201g
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Koad et yemmnennd no Toky: K ;5 =20/g K,=201[g

=54
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PexuMbl padoThl YCHJIMTEISI HA TPAH3UCTOPE

[Tepen TeM Kak nmoaaBaTh Ha BXOJ YCHWIMTENS Ha TPaH3MC-
TOpe CUTHaJ, IMo[IeXalluii yCHIeHHI0, HeoOXoouMo obecrie-
YUTh HaYyaJIbHBIHA peXuM paboThl (cTaTHYECKHI peXHM, pe-
XHUM IO MOCTOAHHOMY TOKY, peXHMM Mnokos). HayanbHBIN
pexXxXuM paboThl XapaKTepHU3yeTcs MOCTOSHHBIMHA TOKAaMH 3JIeK-
TPOOOB TPAH3HCTOPA U HANPIXECHUAMH MEXIY 35THMH 3JIeKT-
ponaMu. Ucnons3yloT TS pMHUH «HavyaJlbHBI peXXUM paboTHl
TpaH3UuCTOpa» U (paKTHYECKH paBHOLIEHHBIH eMy TEpMHH «Ha-
YaJbHBIH peXxXuM paborsl ycunurens». g onpenesleHHOCTH
00paTHMCHA K cXeMe C OOILMM 3MUTTEPOM H COOTBETCTBYIOLIUM
BBIXOJHBIM XapaKTepHUCTUKAM TpaH3MCTOpa. Toraa HayalbHbIH
pe>XXUM paboThl XapaKTepHU3yeTcsl MOJIOXEHHEM TaK Ha3bIBae-
Mol HayanbHOH paboueit Touku (HPT) ¢ koopanuHaramy
(Uknn, Ik n), the Uks gy ¥ Ix 4y — HayasibHOE HanpskeHue
MEXIY KOJUIEKTOPOM H SMHUTTEPOM M HaYaJIbHBIH TOK KOJLICK-
Topa. [lns crabuinbHOM pabGoThl YCUIMTENSA CTPEMATCA He No-
MycKaTh U3MEHEHHA MOJIOXEHUSA HavyaJlbHOM pabouyeil Touku.



MeToabl cTA0MIN3AINU padoyeill TOUKH

1. MeTtoa TepMokoMmeHcanmu Oa3lpyeTcs Ha TOM, YTO BHEITHIMI KOHCTPYKTHBHBIMIT
II CXEMOTEXHITIECKIIMH PENISHILIMIT CTaparoTcd NCKIFOUNTE BO3AEIICTBIE HAa TPAH3ICTOPHHII
KacKaJl HEKeIarelIbHBIX BO3MYINEHIIL, BBEIBBIBAONMIIX HEJOMYCTIMBEIE I3MEHEHIIA €ro
mapaMeTpoB. Tak, €cIIl OCHOBHBIM BO3MYIIAOIIIM BO3ACIICTBIIEM SBIICTCA IT3MEHEHIIE
TeMIIEpaTyphl OKPYKAIOMIEI Cpedbl, TO Hamdolee UyBCTBHTEIBHBIE K STIM BO3IEIICTBILIM
KAacKaJbl YCIITUTENA MOTYT OBITH KOHCTPYKTIIBHO BBIIETEHHE B HEKOTOPHIIT CaMOCTOATEIbHBIIT
y3ell, B KOTOPOM IPHHYANTEIBHO (BHE 3aBHICIIMOCTII OT BHENTHIIX YVCIOBIIT) MOAIEP/KIBACTC
HEIIMeHHadA TeMIepaTypa. B ATy Ke TPyIIIy MeTOJOB MOKHO OTHECTII IMITaHIe HAIOOJee
MTOBEPKEHHBIX BOBIEIICTRINO KAacKaJoB CTAOILTIIIIPOBAHHBIM HAIIPIAKEHIIEM ITIH PIIMEHEHITE
3TTEMEHTOR CO CTAOIUTEHBIMII apaMeTpaMII I T. T1.

2. MeTtoa mnapaMeTpnueckoil cradmamsanmm OazHpyeTcs Ha  IICIONB30BAHIN B
TPaH3ICTOPHBIX KacKaJax CIENHAIbHBIX EMEHTOB, XapaKTEPHCTHKN KOTOPHIX 3aBICAT OT
BHEITHITX BO3MYIAIONIIIX BO3IEIICTBIIL, IIPITIEM IMEHEHILI MapaMeTPOB STIIX SIEMEHTOR
TOJKHBI KOMIIEHCIPOBATE IT3MEHEHIIA MapaMeTPOB TPaH3ICTOPHOTO KacKafa.

3. MeTtoa BBejeHIsl Iiemeil 00paTHOH CBA3H SBIAECTCA VHIBEPCATBHBIM METOIOM
CTAOILMIMRAII MapaMeTpPOB He TONBKO OAITHOYHOTO TPAH3IICTOPHOIO KackKaga, HO II BCETO
yCIDIITENA B 1lenoM. [Ipi1 mparmIbHOM BEIOOpE OH CIIOCOOEH KOMIIEHCHPOBATH BIIIIHIIE BCEX

BG’B,I[&ﬁCT‘B}’K‘*H_[ID{ Hda YCIIIITTEIE BHCIITHIIX BO’BI»-I}'H_IE?HIIﬁ.



2. MeToa mapaMeTpHUYeCKOU CTA0MIM3AUU

B kauecTee mprmMepa Ha pHC. @ IIpHBeJeHa cxXeMa TPaH3ICTOPHOTO KacKaga, B KOTOPOII
U1 BBEIEHIS HaualbHOIO CMEINeHIs padoueil TOUKI ICIIONB3YeTCs BHEIHINI AeNlTelb Ha
peslncTopax R, 1 R, OueBHJHO, UTO B JAHHOII cXeMe IPH YBeMIUeHUI TeMIlepaTyphl
OKpyAaroImeil cpedpl OvAeT YBeMMUIBATbCA TOK [,,;. 35T0 0OYCIIOBIEHO YMeHBINEeHIIeM
HalpsoKeHHsT Uy, BCIEJCTBIE CABNTa BXOMHON XapaKTepUCTHKI TPaH3UCTOpa BIeBO I
VBEeMITUEHIIeM /., U I, IlosToMy IIpH yBeMIUeHUI TeMIlepaTyphsl, coXpaHeHle [,, Ha
HEI3MEeHHOM YpOoBHe TpedyeT YMeHBINeHISI HaualbHOTO CMeIleHIIS Uve-  HAma a10TO
HeoOXOONUMO OO0 YBeIUNBaTh CONPOTIBIEHNIE R, MO0 yMeHBIIaTh COIIPOTHBIIEHIe

R,;,. Bo03MOKHO I OJHOBpEeMEHHOE II3MeHEeHIIe COIIPOTIBIIEHII 000X Pe3ICcTOPOB.

g7 -

Prc. Ila paMeTpITHeCKad CTd 6II,UII’311HI A peskIIMa ITOKOA VCIIITEJIEHOT'O KaCKa dd

C IICIIOJIB30BAHIIEM TePMOpPesICTOPOB (a) I JOIIOIHIITEIFHOTO TpaHsIcTopa (0)



2. MeToa mapaMeTpUUYeCKOU CTA0MIM3AUU

Ecmi mapaMe Tpel II3MEHEHIS COIIPO TIBIICHII COTTIACOBAHEL ¢ II3MEHEHILIMII IIapaMe TPOB
TPaH3IICTOPOB, TaKOe pelleHIle II03BOIIeT IIOMYUIITE XOPOIIYE TeMIIepaTrypHYI CTadIlIbHOCTh
KacKaza.

Bo BxomHOM Iemitenie MOI'YT OBITH HCIIONB30BAHBI Pa3IIIUHBIE 3IeMEHTHI, HallpIMe],
TePMOpPEs3ICTOPEL OO0 IIpyrile IONYIIPOBOMHUKOBRIE IprnOopel. Ha pre. &  mokasaHo
IICIIOB30BAHIIE HSMIITTEPHOTO IIepeXoda JOMOMHNTEebHOrO TpaHsucTopa I'7T . B Kaue CIBe TaKoro
sMeMeHTa. Eciml mapaMeTpel TPaHs3ICTOpoB 11, m V1T, OOIHAKOBRL, TO TaKOoe peIIeHIe
[I03BOJIEeT IOMHOCTBK VCTPaHHTH II3MEHEHIle TOKa /.,  BBI3BAHHOE II3MEHEHIIEM
HanpsokeHnsa U,,. Takoe pelneHne HaxXOMIT IIIPOKOe IIPHMEHeHIle IIpH pa3padoTKe

dHAJIOT' OBBIX ITHTCT PAlIbHBIX CXCM.

Py 7 -

Pric. HHPHMG TPITHECKAA CTa Lf}IIﬂII?ﬂI_[IIH PeAIIMa ITOKOA YCILTOITETbHOI'O KdCKda/ld

C IICIIOJIb30BAHIIEM TepPMOPEsICTOPOB (a) I JOIIOJHITeIBbHOTO TpaH3iucTopa (0)



MeToabl cTa0MIN3AINU padoYell TOUKH

ObmmM aag | 1w 2 MeTogoB ABIIEeTCS KOMIIEHCAINIA TOJIMBKO OJHOIO  II3
OecTaOImIpyroImnx (pakrtopoe. Tak, pelleHne, IIpeICTABIICHHOEe Ha PIC. O He IMO3BOILIET
KOMITEHCIIPOBATh I3MEHeHIle TOKa [.,,  OOYCHOBJIeHHOE I3MEHEeHIeM 3HAUeHId /i, a
TePMOCTAOIIMI3AIIIA YacTH KacKajoB He yCTpaHsgeT BO3MYVINEHITH, BBI3BAHHBIX IB3MEHEHUeM
HalpsyKeHNS mutannd n T 0. K ToMy jKe TIpH ICMOMB30BAHII TTapaMeTpIrdecKoro MeToaa
TPYOHO Iogo0paTk 3IeMeHTHI, CIIOCOOHBIE B IMIPOKOM [IIalla3OHe II3MEHEHIIS BHEeIHIIX
BO3MVINEHUII JOCTAaTOMHO TOYHO CTaOILMI3UPOBATh TapaMeTphl TPaH3UCTOPHOTO KacKaja,
IMO3TOMY PACCMOTPEHHEBIE BBIIE METOIBI IMIPIMEH 0 TCA KaK JIOMOJHIITENbHEIE, T. €. COBMECTHO
C BBEJIEHIIEM B KacKaJ Pa3MIUHBIX I[eleil oOpaTHOIl CBI3H. BeejleHIe Ierell 00paTHOIl CBS3I

CIIOCOOHO CIIIBHO H3MEHITH BCeE MapaMeTpbl YCILTOITEID, ITPITHEM, 'UeM OommbIIe IIC}{D,II;[-ILIﬁ
)
!
1

KOH([J([JIIHII&HT YVCILICHITA, TCM CILTbHEC MOT'VT OBITH ATIH I3MeHEeHII

Pric.




KJiaccnl (peskuMbl padoThl) YCHIAMTEIEH

Peosxcum x1acca A. Padouad Touka (p.T.), ONMPENENAKIIAA COCTOAHHE CXEMEI
IpH OTCYTCTBHI CHTHANA, BEIOHpPASTCa Ha MHHEIHOM YUaCTKE THHAMHYECKO BONBT—
aMIepHoii (mepemaTouHoii) XapaKTepHCTHKH (pHC.).  AMIUIHTYAa BXOMQHOTO
HanpskeHuss U, Ha VYIOPaBIAIOIIEM JIEKTPOAE akKTHBHOrO 23neMeHTa (0ase

T]JE.HEHCTD]JH) A MHHHMH3ALUHH HEIHHEHHBIX HCKAKEHHIT EEIﬁHpﬁETCH MCHBIIC

BCITHYHHBI HAIIPAARCHHA CMCIICHITA. BEIXODHOI TOK Igbn, MPOTCKACT HEIIPCPBIBHO B

TCHUCHHC BCCTO IICpHOO4d CHIHAIld H HOCTATOYUHO TOYHHO BOCIPOH3BOOHT (l)D]JM}'
BEXOOHOI'O IICPCMCHHOT'O HAIIPAKRCHHA., 4 IIOMOKCHHC pﬂﬁﬂqﬁﬁ TOYKH HC BEIXOIHUT 34
IIPpCOcbl l'IIJHMDIIHHEﬁHDTD VUaCTR4 ITHHAMHYECKOM XAPaKTCPHCTHRIN.
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KJiaccnl (peskuMbl padoThl) YCHIAMTEIEH

JIOCTOHHCTBOM peKHMa Kracca A ABIAKTCA Malble HENHHEHHEBIE HCKAXKCHUA,
HemoctatkaMu — Hm3KMid  KIIJ[ (orHOolIeHHe oOTHaBaeMoOil MOINHOCTH K
norpedngemoii, B YHY He Oonee 25%) MU OTHOCHTENBHO Majafd MOIIHOCTE B
Harpyzke. ITo3ToMy pexuM Kinacca A NPHMEHAETCA B MAaTOMOIIHBIX (10 3...5 BT)
OTHOTAKTHRIX BEIXOIHBIX Kackamax. B pe:kume kmacca A padoTarT U BCE KaCKajbl
VCHIEHHS HANPSKEHIA.
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< Puc. Bribop padouell TOUKH YCHIHTEA
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Peowcum xaacca B. Padouas TOUKA BEIOHPAETCA B caMOM Havalle THHAMHUYECKOM
BOJIbT—AMIIEPHOH XapaKTepPUCTHKH (PHC.). B Pe3yAbTaTe Yero IpPH OTCYICTBHH
BXOJHOIO CHT'HAla BEIXOOHONH TOK IPaKTHYeCKH pPAaBeH HVIK H BREIOCIAEMAas B
KackKaae MOITHOCTE Mana. OIHAKO B 3TOM CIyUae KacKald CIOoCOOeH VCHIHBATE
TONBKO OIHY MONYBONIHY TapMOHHYECKOTO CHrHana (CHTHANBl TONBKO OIHOIM
nonApHOCTH). [Ipn momaue Ha BXOJ CHHYCOHIANIBHOTO CHTHANa TOK B BEIXOIHOII
[ENMU MPOTEKAET JUIh B TEYEHHE MONOBUHEI NIEPHOA (B TEUEHHE APYTOH MOJIOBHHEI
MEPHONA AKTHUBHBIN 3MEMEHT HAXOOWUTCH B COCTOAHHUHM OTCEYKH) U HMEET Popmy
HMIIVIECOB. UTOOBI IONVUNTE VCHICHHE IMOIHOIO CHTHAIa IIPHMEHAKTCH
NBYXTAKTHBEIE CXEMEI, B KOTOPBIX ITONOKHTENBHEIE COCTABIAKONINE CHIHANA
VCHIHBAKTCA OJHHM AKTHBHEIM 3JIEMEHTOM, a OTPHUATENBHEBIE — IPYVIUM. B

HaIrpyv3Kc RH VCHICHHBIC KOMITOHCHTEBI CHI'HATA CKITANBIBAKOTCA TaKHM DﬁpﬁBD}uL qT0O
BOCCTAHABJIHBACTCA CI'O IICPBOHAYAIIEH A q)D]JMEL.

A Fy
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Puc. Beidop padodel TOUKH YCHIHTENA
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Kiaccol (peskuMbl padoThl) YCHJIAMTEIEH

JIOCTOMHCTBA YCHINTENAd MOIIHOCTH, padOTarIIero B peXuMe Kiacca B, —
poicokmil KIIJT (o 70%) u Gonblias MOIIHOCTh CHTHANA B Harpy3Ke, OMHaKo Gopma
BRIXOJTHOTO CHTHANIA HCKaKEHA IM3-332 HEMHHEHHOTO VYacTKa TEPEeNaTOuHOi
XapaKTePUCTUKN. YHCTERIN peKUM Knacca B mpaKTHUECKH HCIONB3VIOT OUEHE PEIKO.
3JHAUHUTENBHO  Yallle  HCMONB3VEeTCA TaK  HA3BIBAEMEIN  CMEIUAHHBIH  HIIH
IPOME:KYTOUHEII pexXiM AB.

Pexcum AB. Pabouad TOuKa 3aHHMAcT MPOMEKVTOUHOE MOTOKEHHE Ha
EPENATOYHONl XApakTepHCTHKe (MeXKOY HAYaloM KOOPIHMHAT U CEPEeIUHOMN
IHHEHHOT 0 yyacTKa). 3a cueT capura padodyeil TOUKH U3 HYIA B HAYAIO JTHHEHHOTO
VUacTKa Ha MNEPEeIaTOYHOH XapaKTePHCTHKE MPH OTCYTCTBHH BXOOHOTO CHIHAla
yepe3 aKTHBHBIN 3EMEHT MPOTEKAET HEKOTOPBIHM HAYANBHBIA TOK MOKOA. IIpH 3TOM
BEIOOPOM MAaKCHMAJIBHOH AMIUIHTYABl BXOIHOTO HANPSKEHHSA MOXKHO TOOHTHCA,
yTOOBl AKTHUBHBIN 3MEMEHT HE MEPEXONMI B COCTOAHHE OTCEUKH W YCHIHBAN (C
Pa3HOIl CTEMEHBK HCKAKEHHI) 00¢ MONVBOMHE CHHYCONIATBHOIO CHTHANA. PeKuM
AB paloTel VYCHIHTENd XapaKTepH3yeTcAd OOCTATOYHO BeicOKMM KIIJ mpu
OTHOCHUTENBHO HEOOMBIINX HEMUHENHBIX HCKAKEHUAX (DOPMBI BEIXOTHOTO CHTHATA.



Kiaccol (peskuMbl padoThl) YCHJIAMTEIEH

Pexcum C — 3T0 peXHM, IPH KOTOPOM BEIXOOHOIN TOK IIPOTEKAET B TeUEHUE
IPOMEKVIKAa BPEMEHH, MEHBIIETO IIOJIOBHHEI IIepHOIa BXOMHOIO CHrHama, T.K.
pabouasg ToUuka pacmojaraeTcsd JIEBee TOUKH Haualla KOOPOMHAT Ha MePeXOTHOI
XapaKTepPUCTHKE (OTpHLATENIBHOE CMELIeHHEe). TOK IIOKOSA OTCYTICTBYET, [MO3TOMY
KILI pexuma C Beime, yeM pekuMa B m moctHraer 80% u domee. B pexnme C
HCIIONB30BAHHE NBYXTAKTHON CXEMEI HE JacT BO3MOMKHOCTH IOJNIVUHTE B BEIXOMHOIL
[IENH CUTHAN TOH K€ (POPMEI, UTO U MMOAABAEMOI BO BXOJHVIO LEMb, TO3TOMY TaKOMH
PEKHUM HE IPUMEHSAOT 1A YCUIEHHSA CUTHANIOB IPOU3BOINBHON GOPMEL. DTOT peiKuM
IITHPOKO HCIONB3VETCA B MOINHEIX H30HpATeNbHEIX (PE30HAHCHBIX) VCIUIHTENAX, TIe
HATPY3KOI ABIACTCSA NapallIeNnbHEII Ppe30HaHCHEII KOHTVP, HAaCTPOSHHEIH HA YacTOTV
IOJaBaeMOr0 Ha BXOJ CHHYCOHJANRHOTO KOonedaHHA HIH Ha OJHY H3 €ro BEICIIHX
rapMOHUK.

Peotcunt D — 3TO KIIHOUEBO peKM padOTHI, IPH KOTOPOM TPAH3UCTOP MOKET
HAXOJIUThCH TOJNBKO B JIBYX COCTOAHHAX: WIIH MOJHOCTHIO 3aMEPT (PEXKUM OTCEUKH),
IIH IOMHOCTBK OTKPBIT (PEKHM HACBIMIEHHA). JIOCTOMHCTBO pexkuma D
3aKJIK0YAETCSd B OUeHb BBICOKOM (Omm3akoM K 100%) KIIJI. Ero HemocTaTok —
3HAUHTENBHOS VCIOKHEHHE CXEMBl VCHIHTENA. Takoil pekuM IIHPOKO HCIIONB3VETCA
B U QPOBOI TEXHHKE, BO BCEBO3MOKHBIX VIIPABIAOIINX, PETYIUPYIOMINX, CAEIAIIHX
YCTPOHCTBAaxX, I'le BCaeACcTBHEe BeICOKOro KIIJ[ u mamoro nmorpedineHHA 3HEPTHH OH
HAXOIHT IMIHPOKOE MNPHMEHEHHE 1A VCHICHHA MNPAMOYIOIBHEIX HMIIVIECOB
IPOU3BONRHOI IMHTENEHOCTH U CKBAXKHOCTH.



OcHoBHble NapameTps YCHANTEAeA DASARNHMX KXACCOB YCHACHHS
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OnepanuoHHbIN YCHIUTEb

OniepaliMOHHBIE YCUITUTEIN BBITOJHAIOTCS B BUJIE HHTEIPAILHBIX MUKPOCXEM, B
COCTaB KOTOPBIX BXOIAT HECKOJIBKO JECATKOB WM COTEH TPAH3UCTOPOB.
[lepBoHauansHO omnepanoHHbIM  yeuauTenbs (OY) NpuUMEHSICS B aHANIOTOBBIX
BBIYMCIIUTEIBHBIX MAIlIMHAX JUIS BBINOJHEHHUS YUCTO MATEMATHYECKUX OIepalu,
TaKuX, KAk CYMMHPOBAHKE, BRIUMTaHUE, HHTerpupoBanue 1 nuddepennupopanue. Ha
CETOHSIIHUI JIeHb MHOTOCTOPOHHUE BO3MOXKHOCTH OINEPAIIMOHHOTO YCHJIUTEJIs
CICNIAJIi €0 OCHOBHBIM YHU(DHMIMPOBAHHBIM Y3JIOM MPAKTUYECKU B 000U 00IacTH
YICKTPOHUKH. OTNEpalMOHHBIC YCHINUTEIN UCTONb3YIOTCS B COCTaBE HOPMHPYIOIINX
npeoOpazoBatTeneil, cTabuIn3aTopoB HANPSIKEHUS, AKTUBHBIX (DUIIBTPOB, TEHEPATOPOB
(GyHK1MH, aHamoro-uu@poBeBIX Npeodpa3oBarec U LU(PO-aHAIOTOBBIX, a TAKKE

MHOTHX JIPYTHX YCTPOMCTB.



OnepanuoHHbIN YCHIUTEb

OnepauHOHHBIH YCWIHTENIb — 3TO YHH()UIMPOBAHHBIM MHOTOKACKaJHBIN
YCUJIUTEIb TIOCTOSIHHBIX M TIEPEMEHHBIX CHTHAIOB C AU (PEPEHIMATBHBIM BXOIOM H
HCCUMMETPHYHBIM BBIXOZAOM C HEIOCPEACTBCHHOM CBA3BI0 MEXKAY KacKalaMu,
XAPAKTCPU3YIOMIMKICA OONBIIMM  KO3((QUIMCHTOM YCHICHHS MO HANPSHKCHUIO,
BBHICOKUM BXOJHBIM M MAIIbIM BBIXOJHBIM COIPOTUBICHHEM C LIUPOKON IOJIOCOI
MPOIMYCKAHKSA, @ TAKKE C HU3KUM YPOBHEM HIYMOB IPH XOPOLICH TEMIICPATYPHOM
CTa0MJIBHOCTH, CIOCOOHBIN YCTOMYMBO padoTaTh npu 3amkHyToi e OC. Chenyer
OTMCTHTh, YTO Ha MPAKTUKC MEPCUUCICHHBIC XapakTepucTuku OY NposBIAIOTCS B

pa3In4HoOM cTeneHd y OY pa3HbIX Mapok.

Ha cxemax ONCPAIITHOHHBIC  YCHIIUTCIIHA 00plYHO 0003HA4YalT B BHJIC

TPEYToJIbHHKA HJIH IPAMOYI'OJIbHHKA C HBGSpH}KEHHHM Ha HEM TPCYT'OJIbHHKOM.



OnepanuoHHbIN YCUIUTEb

s 0Bo3HaYexue pyukiuy 31eMeHMa
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Puc. Ycinoenoe rpaduueckoe nzobpaxkenue OY Ha cxemax:

a — ToJTHOE 0003HaUYeHHUe; O — YIPOLIeHHOe 0003HaUYeHHUE; 8 — 3apyDexHoe 0003HaYeHHE



OnepanuoHHbIN YCUIUTEb

BONBIIMHCTBO OMEPAMOHHBIX YCUIIUTENIEH HMEIOT OJWH HEeCHMMETPUYHBIN
BBIXOJl M JIBa BX0Ja, CHMMETPHUYHBIX MO OTHOWICHHIO K 001memy npoBoay. IIpamere
BXOJIbI M BBIXOJbl 0003HAYAIOT JIMHUSIMH, MPUCOCAUHSIEMBIMA K KOHTYpPY
rpadguueckoro usobpaxenus OV 0e3 kakux-n1u00 3HAKOB, a C yKasarejieM B BHJIC
Kpyra B MECTE€ MPHCOCAMHCHUS — HMHBEPCHBIC BXOAbI M BBIXOJBL [Ipsamoi Bxon
Ha3bIBAIOT TAK)KE HEMHBEPTUPYIOIIHM, TaK Kak (pa3za BbIXOJHOIO CUT'HAJIa COBIA aeT
c ¢aszoi curHaiza, MDOJaHHOTO Ha HATOT BXoja. Jlpyroii BXoa Ha3bIBaKOT
HHBEPTHPYIOIIMM, TaK Kak asza BBIXOJHOTO curHaima capuayta Ha 180°
OTHOCHUTEJIBHO BXOJHOTO curHana. IloatoMy BXOAbl OKa3blBalOT Ha BBIXOIHOC

HAIIPAAKEHHE paBHOC B KOJIMHECTBCHHOM OTHOLICHHH, HO ITPOTHBOIIOJIOXNKHOE 110 3HAKY

BiausiHME. Eciu k BXxojgaMm ITPHUIIOKEHBI EHH(l)ﬂSHLIE (,[[E:HCTB}’}GH_[HE OJHOBPEMECHHO
OJHHAKOBEIC I10 BCJIIMYHUHC H Cbﬁ'jﬂ OTHOCHTEIBHO OOIIEro HPDBDHE) CHI'HAJIbI, TO HX
BIIMAHHE 6}’,[[6T B3dMMHO CKOMIICHCHUPOBAHO KW BBIXO/ ﬁy,ﬂET HMETH HyHEBDﬁ
[MOTCHITHAJT, 6Hﬂf0,ﬂﬂpﬂ HCMY II4PpaMCTPbI oy MaJIOYYBCTBHUTCJ/IbBHBI K H3MCHCHHAM

HAIPSKEHUS TUTAHMS, TEMIIEPATyPhl H APYIUX BHEIIHUX (DAKTOPOB.



OnepanuoHHbIN YCUIUTEb

C nenpro ynpoueHus aHaiamsa cxeMm ¢ OY nocneanue vyacto uacanusupyror. C
uaeanbHbiM OY 00BIMHO CBSI3BIBAIOT CIEYIONIME CBOMCTBA: OECKOHEYHO OOJIBIIOMN
KO3(P(MUIIMCHT YCUJICHUA B OCCKOHEUHO OOJIBIION MOJI0CE MPONYCKAHMS, OECKOHECYHOE
BXOJIHOE U HYJIEBOE BBIXOJHOE CONMPOTHBICHUS.

OmnepallMOHHBIA  YCHIIMTEIb [PEJHA3HAYCH B OCHOBHOM Ui paboThl B
yCTpOMCTBAaX ¢ myOoKod orpuuarensHoil OC, T. €. curHan oOpaTHOM CBSI3M BCerjia
MOJIaeTCA HAa MHBEPCHBIA BXOA, M THapaMeTphl YCTPOMCTB ONPEACIISIOTCS
npeumyiiecTBeHHO mapaMerpamu nenu OOC. B 3aBUCHMOCTH OT YCIOBHH MOJAYH

YCHJIHBACMOI'O CHUI'HaJIa Ha BXOMBI OV u [MOAK/IIOYCHHE K HCMY BHCHIHHX JJICMCHTOB

MOKHO TIOJlyYUTb TPH OCHOBHBIC CXEMbl BKIIOYCHHSA: HHBEPTHPYIOLLYIO,
HeHHBePTHPYWOIYIO U AuddepeHunanbuy0. JIxo00e cCXeMOTEXHUYECKOE pellIeH’e

¢ npumeHeHueM QY 0asupyeTcsd Ha 9THX CXEMaXx.



OnepanuoHHbIN YCUIUTEb

Ha ocHoBe puddepeHumansHoro BrawdeHus OY  CTpoAT Tak Ha3bIBaCMbIC
M3MEPUTEIbHBIE YCHITUTEN, IPUMEHAEMBIE B U3MEPUTEIbHOU TEXHUKE ISl YCUICHUS

CHT'HAJIOB C JATYHKOB H IMPOYHX }’CT]JGﬁCTB.

bonbmoi KodpQUUUEHT YCUIEHUS, BBHICOKOE BXOJAHOE M HHU3KOE BBIXOJHOE
COIPOTUBIIEHHSI onepaliioHHOro ycrautens (OY) nmo3Boisior ¢ yCrexoM CTpOUTh Ha
€r0 OCHOBC Tak Ha3blBacMbIC AKTHBHbIC RC-QuiabTpbl. [IpeumymiecTBoOM Takux
(GrIbTPOB mEpen NAcCHBHBIMM  ABJACTCA BO3MOKHOCTb TOJIYYCHHA OOMIBIIOH
KPYTHU3HBI CI1A/I0B aMILIUTYJHO-4YaCTOTHOM XapaKTepUCTUKH IIPHU YCUJICHUH CUTHAJIA B
MOJ0CE NPONyCKaHUA. AKTHUBHBIC (UIIBTpBI HA 0CHOBE OY coaepxat, Kak mpaBuio, HE
O0JIbIIIE PE3UCTOPOB U KOHIEHCATOPOB, YEM MTACCUBHBIE, IPUYEM UX CONPOTHBIIEHHS U
EMKOCTH OKa3bIBaKOTCA CPABHUTEIBHO HEOOJIBIIMMH AK€ HA OYCHb HU3KHX YaCTOTax.

BCJIE,I[CTBHE 3TOI0 FHGHPHTB] H MacCad aKTHBHLIX CI)HHET[JDB IMOJYHAKTCA HeOOJIBIIINMH.



AKTHBHBIE puabTpbl HA OC

Cpeau npeuMMyllecTB AKTHBHBIX (UIBTPOB [0 CPAaBHEHHID C MACCUBHBLIMU
CJIEAYET BbIJCIMTh OTCYTCTBUE KATYIICK HHAYKTHBHOCTH, JTYULIYIO H30MPaTeIbHOCTD,
KOMIIEHCAIIMIO 3aTyXaHHS TOJIE3HBIX CUTHAJIOB U JayKe UX YCUIIEHUE, [PUTOJHOCTh K
peanu3aliyd B BHAEC MHTErpajibHbIX MHKpocxem W Ap. OcoOCHHO NpEerMMYILECTBO
akTUBHBIX (QuibTpoB HA OV mposBIILEeTCS HA CaMBIX HU3KUX YaCTOTaX, BIUIOTH JI0
JOJNIEN repil.

K HepocTarkaM akTUBHBLIX (PHUIIBTPOB MOKHO OTHECTH MMOTPEOJIEHHE SHEPTUU OT
HCTOYHMKA [MMTAHWS, OIPAHMYEHHBLIA JUHAMHUYECKUN JMana3oH (OTHOIICHHE
HauOOJIBIIETO AONMYCTUMOIO 3HAYCHHUS BXOMAHOIO HAMNPSKCHHSA K HAMMCHBIICMY

,E[GH}?CTHMD‘MY) H JOIOJIHUTCIIBHBIC HEJIMHEHHBIE HCKAKCHHA CHI'HAJIA.
Hcnonb30BaHHE aKTHBHBIX lIJHJIE:-TpUB ¢ OV nHa yacToTax CBBIIIE JECATKOB MCrarcpi
BDIDIGI]_[E 3dTPYAHCHO H3-3a MaJIOH 4acTOThl €JUHHYHOIO YCHIICHHUA OOJIBIIIUHCTBA

OIICPAITHOHHBIX }’CHJ’IHTEHEﬁ HOIHPOKOTO ITPUMCHCHHA.



QJIEKTPOHHBIE ' EHEPATOPbDI

DIIEKTPOHHBII TeHEPaTop — 3TO YCTPOICTBO, Ipeodpasyrollee IeKTPUIECKYI0
SHEPTUIO HCTOYHHUKA IIOCTOSHHOTO TOKA B JSHEPIUI0  He3aTyXarollHX
3IeKTPUYECKUX KOIeOaH!il 3a1aHHON ()OPMBI U YaCTOTEL.

[To croco0y BO30YKIEHUS T€HEpaTophl MOAPA3NENATCS HA TEHEPaTOphl C
He3aBUCIMBIM  BO30VKIEHHEeM U  TeHeparophl C  CaMOBO30YyKIeHHEM
(aBTOTeHepaTopsl). l'eHepaTopbl C HE3aBUCUMBIM BO30VKIEHHUEM SBISHOTCA
YCIUIUTENIMU KOoJeOaHWil, KOTOpPEIEe BEIPA0ATHIBAKOT IMOCTOPOHHUE HCTOYHUKIL.
ABTOreHepaTOpsl caMU  CO3[AT  HesaTyXarollue KoinedaHUd 3a  Ccuer
CIIONIB30BAHNY [TOJIOKUTETBHON 00PATHOU CBA3ML.

Cpenn aBTOTE€HEPATOPOB MOKHO BBIIEIUTh TE€HEPATOPEl CHHYCOUIATNBHBIX
Kolne0aHUll W UMIIYJIbCHBIE TeHeparopbl. [eHepaTtopsl CHHYCOUNATBHBIX
Kome0aHull TOApa3AeIaoTcad Ha aBToreHeparophl Tuma L U aBTOTe€HepaTophl

tuna RC .



JJIEKTPOHHBIE I EHEPATOPbDI
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JJIEKTPOHHBIE I EHEPATOPDI

CxeMa TpaH3HCTOPHOIO AdBTOI CHEPATOpP4d

C HHI[}’KTHE-HDE[ CBA5BIO




QJIEKTPOHHBIE I EHEPATOPbDI
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CxeMa TpaH3UCTOPHOTO aBToreHeparopa tiuima RC



ObBJIACTU IPUMEHEHUWA DJIEKTPOHUKUAU

JocTH/KeHHA 5TeKTPOHHOH HAYKH H TeXHHKH HCMOJMB3VIOTCA MOMTH Oe3 HCKTHYMeHHd BO BCeX
00NACTAX eloBevMecKOH JIedTeNbHOCTH. YCKOPEeHHBIMH TeMIaMH SJeKTPOHHKA BHeIpAeTcAd B HayIHbIE
HCCNETOBAHHA, MPOMBIIINEHHOCTE, HA TPAHCIOPTI, B CBA3hL, CENBCKOE XO3AHNCIBO, 3IpaBOOXpaHeHHE,
KYIBTYPY., OBIT, BOeHHOE Zeno H ap. Ocofoe MecTO 2aHHMAKT MHEPOMNPOIeccophl Ha OCHOBE 00JBIIHX

naTerpambHex cxeM (BIIC) u CBIIC (cpepx00MBIIHX HHTerPabHBEIX CXeM ).

BHempeHHe MHEpONpoOIeccOpoR H MHEpPOCXeM B VIOpaBlIeHHe TeXHOMOTHYeCKHMH IpoleccadMH
paccMarpHBaercsd Kak HOBBIA STal MNpPOMBIIUeHHOH pepomonnn. Ha HX ocHoBe paspHBaercs
MPOH3BOICTBO H NMpPHMeHeHHe cTaHkoB ¢ UIIV, mpoMBIOUIEHHBIX POOOTOB, CHCTEM ABTOMATHYMECKOTO

KOHTPOJIA ka1eCTERA NPOOYEOHH, VIIPABTIEHHE HMeXaMI H 3aB0JaMH.

SHAUHTeLHbIE VCIeXH MeTHITHHEI 0 JHATHOCTHKE H MTeveHHI §oezHeil GBUTH ObI HERO2MOMKHEI (e
OOCTIDKEHHH SMeKTPOHHKH. Tak cosgaHHe KOMOBIOTEPHOTO ToMorpada Jamo BOIMOKHOCTE HOIYIHTH
HAIMAOHYK HHQOPMAIHK 0 COCTOAHHH HEKOTOPBIX 00JacTed HeNnoBevecKOTO OPraHH3Ma, B XHPYPIHH

HCIIOB3YHT da3€pPhbl, B KapOHOTIOTHH - ATeRTPOHHBIC CTHMYIIAT OPBL

Ha ocHoBe PASBHTHA AJICERTPOHHEH ELICTIJLII'L-II-I TEMIIAMH PasBHBAETCA CBASh, PalHOBEIIAHHE,

TEeIICBHIOCHHE H T.1.



JNEeMEHTHl YVIEKTPOHHBIX CXEM
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