Tema OnepauMOHHBIN YCHIUTEb

Onepauunonnsiii yeuaureab (OY) -3T0 yCHUIUTENDb MOCTOSHHOIO TOKa C
O00NbIIMM  KO3(P(PUUIMEHTOM YCUJIEHUS, OOJBIIMM BXOAHBIM KO3(DPUIMEHTOM
yCUJIEHHUS, O0JIbUM BXOJHBIM U MaJIbIM BBIXOJHBIM COMPOTUBICHUEM.

Ycuanrens noctositHHoro toka (YIIT) Ha3esiBaeTCs ycTpONCTBO, KOTOPOE
YCUJIUBAET HE TOJIbKO NMEPEMEHHBIE , HO U MOCTOSHHbIE TOKH WM HaIpPSKEHUS.
JluamnaszoH pabounx 4acTot JIeKUT B npeaenax 10 B 2 crenenu -0,25 10 B 8 crenenwu.

VIIT o6vluno cmposimca HaA OCHO8e pPe3UCMOPHBIX YCUTUMENSIX Ha
MPAH3UCmMopax ¢ HenoCPeoOCmMeeHHOll C853b10 HA KACKAOax.

CBoe Ha3BaHME ONEPALMOHHBIE YCUIUTENN MOJIYYHIIU, T.K. UCTIOIb30BATUCH
JUTSL BBITIOJTHEHUS MATEMATHYECKUX OINepaluid B aHAJIOTOBBIX BBIYMCIUTEIBHBIX
MaIInHax.

B nacrosmee Bpemst OV saBisercs sieMeHTapHON 0a30i pauoTEeXHUYECKUX
cxeM O00paOOTKM CHUTHAJOB, YCTPOWCTBA YIPaBICHUS TEXHOJIOTUYECKUMHU
poleccaMu, yCTPOUCTBAMU U3MEPUTEIbHON TEXHUKH.

JlocTonHcTBA:

- YHUBEPCAIBHOCTD

- BO3MOXHOCTh MUHHATIOPU3UPOBATH JJIEKTPOHHYIO allllapaTypy
OV obo3nauaemcs mpey2onvHuKomM umeem 08a 6xo0a U 0OUH 8bIX00.
Hanpsoicenue moocno nooasame Ha 110001l 8x00 .

NuBeprupyrommii Bxox OY mo crapomy ['OCTy o6Go3navaeTcs 3HAYKOM
«MHUHYC», TI0 HOBOMY — «I1y3bIpbKOM». CHTrHaJ, MOJAHHBIA HAa WHBEPTHUPYIOIIHIA
BXO/I, HA BBIXOJIE UMEET a3y, MPOTUBOMIOIOKHYIO BXOAHOMY. HenHBepTupyrommii
Bxo21 OV 1o crapomy 'OCTy 0003HauaeTCs 3HAUKOM «ILTIOCY.

CoBpemennbie OV BbIITYCKAaIOTCS B BHJIE€ MHTErpalibHbIX MUKpocxeM. Kak
npaBuiio, OY coaepxur 2...3 ycunurtens. [lepsoiii kackag OY BbINOIHSAETCA MO
cxeme nuddepeHnaIbHOTO yeuaurtens (cM. npef Jekuuto) IY B onepanmoHHOM
ycunuTene oOecrneuynBaeT OOJbIIOE BXOJHOE COMPOTUBICHHE U Ocla0iieHne

cuH(pazHoro curHana. BTopoii kackaj — yCWIHTENb HANPsDKCHHs, paOOTarOIIHNA B



PEXUMBI KIT «A» nin «AB». TpeTuil kackaa — yCHIUTEIb MOIIHOCTH (PEKUMBI KII.
«AB», unu «By)

OO0ur 6x00 U3 KOMOPO2o MeHsien NOJAPHOCIb HANPANCEHUS. — UHBEPMUPYIOWULL (-)
pyeoii e mensem noasapHoCcmsb HANPA CEeHUs. — HeuHsepmupyowut (+)

[TapameTrprr OY npencTaBieHbl HA JAHHOM CJIAiie

EcTb 1Ba OCHOBHBIX IPpaBUJIA:

1) Beixon OV cTpemMuTbCst K TOMY, YTOOBI 1 depeHIInaIbHOE HAMIPSKEHUE
(pa3HOCTh MEXIYy HAaNpsHYKEHWEM Ha HHBEPTUPYIOIIEM M  HEUHBEPTUPYIOIIEM
BX0J1aX) OBLIO PaBHO HYIIIO.

OTO0 mpaBWIIO peanu3yercs 3a cyeT oOpaTHOW CBS3U, T.€. HAIPSIKEHUS
neperaeTcs ¢ BbIX0Ja Ha BXOJ, T.0. Pa3HOCTb MMOTEHI[MAIOB paBHA HYIIIO.

2) Bxonpet OY He nmoTpebnstoT Toka

Usbix=(UBx1-UBx2)*G

UBBIX — HalpsiKeHHE Ha BBIXOJIE

Usx1 - HanpsiKeHUE Ha HEMHBEPTUPYIOUIEM BXOE

UBX2 — HanpsiKeHNE Ha HHBEPTUPYIOLIEM BXOE

G — ko3¢ durmeHT ycuneHus: 6e3 o0paTHOM CBI3U

Texnunveckue xapakrepuctuku QY

Nuddepenunanbubiii kodppuuuent ycuaenuss OY — sro kodpurmeHt
yewineHus OV 1Mo HampspKEHUIO TPU OTCYTCTBHHM OOpaTHOM cBs3u. MHaue 3TOT
mapaMeTp HasbIBaeTCsi COOCTBEHHBIM Kod(duimentom ycunenus OVY; ero

BEJIMYMHA JICKUT B Mpeeax OT 10* mo 108,
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Ha puc. npuBenena tunosas 3aBUCUMOCTbB BBIXOAHOTO HarpsbkeHus OY ot
BxoaHoro (Usx =U + - U- ) B pexume auddepeHnaibHOro CUuruana, Korja Ha
Bxoasl OV mocTymarT [Ba HaNpsyKEHUS, OJWHAKOBBIE II0 BEJIMYMHE, HO
MPOTUBOIIOJIOKHBIE 110 (a3ze.

B n1nana3zoHe OT MUHHMAJIBHOTO 3HAYEHHMS BBIXOJHOIO HampspkeHus OY 1o
MAaKCUMAJIBHOT'O IIEPEAATOYHAS XapaKTEPUCTUKA UMEET IIOUTH JIMHENHBIN XapakTep.
DTOT Uana3oH BBIXOAHOTO HAMPSHKEHUS (ab) Ha3bIBaETCs 00IACThIO YCUIICHUS; TIPU
pabore OV c HampsbkeHueM nuTaHusi oT + 15 B TumoBoil auama3oH oOjactu
YCUJICHHUS T10 BBIXOJIHOMY HampsikeHuto coctasisieT + 12 B. 1o o0e ctopoHsl 3T0OT0
nuanazoHa OY mepexoJuT B PEKUM HACBIIMICHMsS, MPU 3TOM HCKaxkaerca (opma
BBIXOJITHOT'O HANPSKEHUS, TaK KaK IIPOUCXOJUT Er0 OrPAHUYCHHUE.

HanpssxkeHue cMeleHUs1 HYJIS.

Ha puc.10.2 npuBeneHa mepenatouyHas xapakTepucTuka uaeanbHoro OV.
Hns peanbHoro OY 3Ta XapaKTepUCTHKAa HECKOJBKO CIABUTAETCS (ITyHKTUpHAs
nuHus) YtoOsl ycTpaHuth Jpeid Hyns Ha Beixoge OV, Ha Bxoa OY HeoO0X0IuMOo
10J1aTh HEKOTOPYIO PA3HOCTh HAINPSKEHUH, KOTopas Obljla Ha3BaHA HANPSHKEHUEM
cmenienus vy (UO) Hampsikenue cMmenieHus Hys1sl 0OIYHO COCTaBIISIET HECKOJIBKO
MUJUIMBOJIBT U, BO MHOTUX CIIy4asiX, 3TO HaIPSKEHUE MOXKET HE MPUHUMATHCS BO
BHUMaHHE, HO €CIM OSTOW BENUYMHONW TpeHeOpeub HeNb3s, TO MNPUHUMAIOT
CHEIUMATbHBIE MEPHI JIsl TOTO, YTOOBI CBECTH 3TO HANPSDKEHUE 10 HYJIS (HA MHOTHX
UHTErpalibHBIX cxemax OV mig 3TOro MMEKTCS CHEUUalIbHBIE KIEMMBI)
CrnenoBatenbHO, €CIIM HANPSHKEHUE CMEIIEHUS HYJIsl CKOMIIEHCUPOBAHO, TO MOXKHO
cuntath: ( 1 U 2 ), U Beix =K gud U BX — BX u, Takum 00Opa3zoM, B mpejenax
JUHAMUYECKOT0 JMana3oHa BbIXOAHOE HampsbkeHne OV  nponopuuoHaIbHO
Pa3HOCTH BXOJHBIX HANIPSKECHUM.

Koxpdpunuenr ycuiaenuss curdaznoro curHajga «Kemgp». B pexume
cuH(pazHoro curHaia Ha BXoAsl OY MOCTYMarOT /Ba OJUHAKOBBIX 1O BETUYMHE H
coBmajaronie no Qasze curHanel. B uaeanmpHbix OY KOOPOUIMEHT YyCUICHUS

cundasznoro curHaia Keuuad = 0, a B peanibabix OY 0H oTudaeTcs OT HYJIS.
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Koa¢ppuuuenrt ocnadaenust cungpasnoro curnajia «Kocia.cungp»

Koadpdunment ocnabnenuss  cuH(a3HOro  CUrHajga  XapaKTepu3yeT
HeugeanbHocTh OV, TO ecTb, 3TOT MapameTp IMOKa3bIBAECT, KaKOe 3HAYCHHE
muddepeHIrnasbHOr0 BXOJHOTO HANpPsDKEHUS CleAyeT NPUIIOKHUTh K BXOIY
YCUJIUTENS, YTOOBI CKOMIIEHCUPOBATh YCUJIEHHE CHUH(A3HOIO CUTHaja Ha BBIXOJE

YCHUIIUTCIIA.
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Koadppunment ycunenus nuddepeHIaibHOr0 CUTHAIA 0 ONPEIeICHUIO
BCErJa MOJOXHUTENICH. A BOT KOd(huIMeHT ocliabieHus cuH(a3zHOro curHama
MOKET IPUHUMATH U TIOJIOKUTEIbHBIE U OTPUIATEIbHbIE 3HAUCHUS (B CITPABOYHBIX
JTAHHBIX OOBIYHO TpHUBOAATCA abcomoTHbie 3HaueHHs Koci.curd) OmHum u3
CIocOOOB  yBelIMYEHHs  ocialbieHuss CUHGA3HOTO CUTHAllA  COCTOMT B
ucnonb3oBanuu OOC no cunpaznomy curtainy. C MOMOIIBIO KJIACCUYECKON CXEMBI
nepBoro kackana OY — nuddepeHnnansHOro yCUiuTeNss — MOXKHO TOOUTHCS
ociiabnenus cuH(a3zHoro curHaia 10 ypoBHs nmopsaka 60 db. [Ipu atom ociiabnenus
muddepennmansHOro curnana B cxeme J[Y He nmpoucxonur.

BobixoaHoe comporusjenne OY. Manoe BbixogHoe cornpoTupieHue OV
MOJTY4aloT 3a CYET BKIIOUEHMSI HA €r0 BBIXOJIE Kackajla C MallbiM BHYTPEHHUM
CONPOTUBICHUEM. Mexay HHUMHM  BKIIOYAIOT  YCHIIUTENIbHBIE  KacKaJbl,
MO3BOJISIIONIUE TTOJIYYUTh JOCTATOUYHO OoJbioi ko3 dunuent ycmierus OY. [pu
ATOM HENb3s 3a0bIBaTh O TPEOOBAaHUHM K TOJIOCE MPOMYCKaHUs, KOTopas JOJKHA
OBITH OCTATOYHO IIHUPOKOM. BBIXOAHBIE KacKaabl COJAEPKAT OOBIYHO DIIEMEHTHI
3allUTHI OT IEPETPY30K, OT KOPOTKOro 3aMbikanus (K3).

Bxoanoe conporusienue QY. Bxognoe conporunenre OV onpenensercs
nepBeiM Kackamom — JIY. Hambonee mpocToil MeTOJ, MO3BOISIIONTUN TMOBBICHTH
BXxojHOe comnpoTtuBieHuss OV, cocroutr Bo BBeAeHun B Y mociemnoBaTeabHOM

OOC, HO npu 3TOM yMeHblIaeTcst ko3 dunnreHT ycunenus Knud, nosromy Takoit



METOJI UCIOJIb3yeTca peako. bosee pacnpocTpaHEHHBIMH METOJAMM IOBBIILICHHUS
BXOJIHOTO CONPOTHUBJICHUS SIBISIOTCA: a) BBEJICHUE JOMOJIHUTEIbHBIX YMUTTEPHBIX
MOBTOpUTENEH; 0) UCNOJIB30BAHUE COCTABHBIX TpaH3UCTOPOB (B =~ B1 B2 — mpu 2-x
VT); B) uCcTIONb30BaHUE MOJIEBBIX TPAH3UCTOPOB.

3aBUCUMOCTh KO3(P(UUMEHTa YCHICHHS OT 4YacTOThbl- AMILUIMTYIHO-
YacTOTHasA Xxapaktepuctuka (AYX) TunuyHa A yCUIMTENS TOCTOSHHOIO TOKA.

3aBUCUMOCTb BBIXOJAHOTO HAMPSXKEHUS OT BXOJHOIO HAMPSKEHUS HA3bIBAIOT
nepeaaToOYHON XapaKTepUuCTUKON

UTo HYXHO 3HATh, 4TOOBI ONpenenuTh, Kakod Tun OY noaxoauT amns
KOHKPETHOT'O ClIy4asl ero MCHojb30BaHuA? Bo MepBbIX — 3HAHUE €r0 OCHOBHBIX
XapaKTepucTuk. Bo BTOPBIX, B HEKOTOPHIX OCOOBIX CIyyasX, — 3HaHUE uX

BHYTPEHHEN CTPYKTYPHI.
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U ° Kackap i KacKaa
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I[y — o0ecrieynBaeT BBICOKOE BXOOHOC COIIPOTHUBJIICHHUC U BBICOKHU U

KO3 (OUIIMEHT YCUIICHHUS 0 HANPSIKEHUIO B IIMPOKOM JUANa30HE 4acTOT (BILIOThH
1o 0 — moctosHHOoe Hampspkenue). [lepBorit kackan OY — muddepeHuanbHbINA
YCUJIUTEIh, OH HWMEET BBICOKHM KOI(DPUIMEHT yCHIEHHS IO OTHOIICHHIO K
muddepeHIaaTbHOMY CUTHATY U HU3KHH 110 OTHOIIEHUIO CUH(a3HOMY.

IpomexkyTrounnbiii ycuaureab (IIY) — oOecrneunBaer ITONMOIHUTEIHHOE
ycwieHnne Hanpspkenus mocie J[Y, a Takxke, obecrmeunBaeT HEOOXOIUMOE
COTJIaCOBaHME CHMMETPUYHBIX BXOJ0B JIY ¥ HECHMMMETPUYHBIX BXOJOB
OKOHEYHOTO KacKaja yCUJICHUsS. DTOT KacKaJl 4acTo CTPOUTCS Takxke mo cxeme /Y.

OxkoHeuHbIH KackaJ YycuIeHUsl — o0ecreynBaeT HEOoOXOAMMOe s
notpedutens ycuienue mo momHocTd. Bece OV padoraror ¢ OOC: OOC no3BossieT
nony4yuTh oT OY HeoO0X0uMbIEe XapaKTePUCTHKH.

Ha ynpoulenHoii nmpuHuunuanbHoii cxeme OY auddepeHmanbHbINA

KacKaJ BRIMIOTHEH Ha TpaH3uctopax VT1,VT2, VT3



Bx1 — uHBepTUpYIOWINiA, T.K. TIPU 3a3€MJIEHHOM BXOJI€ 2 CHUTHAJI MOJAHHBII
Ha WHBEPTUPYIOIIMHA BXOJ Ha BBIXOAE OKa)XeTcs CABUHYTHIA Mo (aze Ha 180
rpagycos.

[Ipy mogaum curHai Ha BXOJ 2 (HEMHBEPTUPYIOLIUN) BBIXOJAHOW CHUTHAI
OKa)KeTCsl CUH(A3HBIM C CUTHAJIOM Ha BXOJIE.

3a BXOJHBIM CHTHAJIOM CJEAYET OJWH WA HECKOJIBKO IMPOMEKYTOUYHBIX,
KOTOpbI€ 00ECIeYNBAIOT YCUIIEHUE BXOAHOTO CUTHAJIA IO TOKY M HAMPSKEHHUIO.

B kauecTBe MpOMeKyTOYHOrO Kackajia MCHOoJb3yeTcs AuQdepeHuanbHbIi
ycuiurens Ha Tpansuctopax V14 u VTO.

OKOHUaTeNbHBIA KAacKaJl MMEET HU3KOE BBIXOJHOE comportuBieHue OV wu
oOecreynBaeT TOK JOCTATOYHBIN JJIsl MUTAHUSA OKUJaeMol Harpy3ku. OObIYHO B

Ka49CCTBC OKOHCYHOT'O KaCKa/da HUCIIOJIb3YyCTCA HpOCTOﬁ G)MMI/ITCpHBIﬁ IMOBTOPUTCIIb

(tpansuctopst VT7, VT8).

HNuBepTupyrommuii ycuaureab (Ciraiia 8)

B cxeme Bxog «t+» OV 3azemnen (U+=0) curHaim mnocTynaer Ha
WHBEPTUPYIOIIUNA BXOJ, IMO3TOMY TakKas CXE€Ma Ha3bIBAETCS WHBEPTHUPYIOIIUM
BKIItoUeHueM OY

Ha unBeptupyrommuii Bxoa uepe3 pe3uctop R1 oT BHelIHero reHeparopa
nomaércst curHan Uc. Pesucrop R1 urpaer ponap conpoTUBIEHUS HCTOYHUKA
curnana. Hanpsoxkenne OC nonaércs Ha Bxon OV uepes pesuctop R2 (R2 = Roc).
[Ipsamoit (HeuMHBEepTUPYIOUIM) BXOJ 3a3eMJIEH. VHBEpTUPYIOIIMNA BXOJ HMEET
00JBIIIOE BXOHOE COTMPOTHUBIICHHUE, TOITOMY MOTEHIIHAI 3TOTO BX0J[a MOKHO TaKXKe
CUMTATh PABHBIM HYJIO, TO €CTh COCTOSHUE HWHBEPTHUPYIOIIETO BXOJa MOXHO
Ha3BaTh «MHUMBIM 3a3emiieHueM». [Ipu Takux ycloBUSIX NaJ€HUE HANPSKEHUS Ha
R1 6yner paBno Uc, a nagenue HanpsixeHus Ha R2 =—UBbix . Uepe3 BXOJHYIO 1IETb
YCUJIUTENS TOK HE MPOXOAUT (BXOAHOE CONMPOTHUBICHUE HACAIBHOTO YCHUIIUTENS

PaBHO OECKOHEUYHOCTH), modToMy 11 = 12.
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Takum oOpazom, kodppuuuent ycunenus OY He 3aBUCUT OT CXEMHOTO
pemiennsa OV, a nuIIb 3aBUCUT OT cOOTHOMIEHHUS 3neMeHToB OC u 115 X pacuéra
HeoOs3aTeNIbHO TOYHO 3HATh mapaMeTpsl OY. 3Hak MUHYC B popMylie 03HAYaET, YTO
(daza HampsoKeHHs Ha BbIXOAE MPOTHUBOIOJIOXKHA (Daze BXOAHOTO HANPSHKEHHUS.
MakcuMalibHbI KO3(P(GUIHMEHT YCWICHUS 3aBUCUT OT MpPEAeSIbHO JIOMYyCTHUMOTO
3HA4YEHUSI CONMPOTHUBIIEHUS R2, KOoTOpoe ompenensercsd W3 yCIOBHUS JIMHEMHOCTH
pexuma OV (|UBbix| < E)

HeunBepTupyromui ycuanreasb (cjaaijg 9)

Bxognoi#i curHanm moctynaer Ha NpsAMoW (HEMHBEPTHPYIOIIMKM) BXOMd, a
Hanpsbkenne OC — Ha uHBepTUpyromui Bxol. Hanpsbkenne OC cHuMaeTcs c

nenurensa n3 R1 u R2:
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Taxum obOpazom, U s 3TOM cxXeMbl KOA(DGUIMEHT YCHICHHUS 3aBUCHT TOJIBKO OT
rapaMeTpoB LeTH 00paTHOM CBsI3H. BXOHOE CONMPOTUBIEHNE HEMHBEPTUPYIOILIETO
ycunuTens oueHb Benuko (nopsiaka 100 MoM), BBIXOJHOE COMPOTUBIECHUE MaJo U
cocTapiser goiu Oma.

IToBTOpUTEIL HAPSIZKEHUS HA ocHOBe OY (caaiix 10)

IIpu takom BrmroueHun OV B ero cxeme: gedctByer 100%-s OOC mno
HaIpsKEHUIO, CIe0BaTeNbHO, YCUJIEHHUS 110 HanpskeHuto B cxeMe He Oyaet (K<I)

OuYeHb OOJBIIIOE BXOJHOE COMPOTUBICHUE, YTO TO3BOJIIET HE HArpyXaTh

BXOI[HOﬁ HCTOYHHK, YCHIICHHC II0 TOKY XOpOHICC, TAK KaK, IIPH TaKOM 00IBIIOM



BXOJIHOM comnpoTuBieHr OY, MOKHO CUUTaTh, 4TO IBX = 0; MPOUCXOAUT MOJIHAS
pa3Bsi3Ka Harpy3Kd U UCTOYHHMKA CUTHAJIA.

[lokazanHass cxema — 3TO (PaKTHUECKHM MOAM(UKALMS HHBEPTUPYIOLIEH
CXEMBbI JIJIsl IBYX UJK 00Jiee BXOJHBIX CUTHAIOB. BX0OIHbIE HANPSYKEHUSI TOCTYIAIOT
Ha uHBepTupyromui Bxoa OV yepes pesucropsl R1 u R2. B coorBerctBumM ¢ 1 —M
3akoHoM Kupxroda I1 + 12 — 13 = 0 gy y3na «B» B cooTBeTcTBUM CO 2 —M 3aKOHOM
Kupxroga (00xo/1 mo 4acoBoil cTpeske)

Teopetnueckoe o006000meHue no Tteme. HomeHkiaTypa BBIITYCKaeMbIX B
Hactosiee Bpems OY ouenp oOmmpHa. B ocHoBy knaccudpukanuu OY mosioxkeHo
ero HaszHaueHue. [lo stomy mnpusHaky OV BbleneHBl B HECKOJBKO TpYMII.
OcHoBHble U3 HUX: * OY oOmero HazHayeHus. Jta rpynmna OY ucnonb3yercs B
anmaparype, K napameTpaMm KOTOpPOW He MPEAbIBISAIOT KECTKUX TpeOoBanuii; * OY
osicTpoaericTBytomue (200 ... 500 B/Mkc); * OY npenu3roHHbIe (Majblii ypOBEHb
IIYMOB, BBICOKUH KOd(duieHT ycunenus); « OY Mukpomouissie (moTpedasieMblit
TOK OT UCTOYHMKAa TUTaHug MeHee | wMA) MHurerpanbHsie cxembl OV
M3rOTaBIMBAIOTCS KaK Ha OUIOJSAPHBIX TaKk M Ha IOJEBBIX TPAH3UCTOPAX

(npeobaagaeT KMOII-TexHom0THS)



