Jlaboparopnas padora Ne 9
OMNEPALUNOHHBIE YCUIIUTENN
1. UEJIb PABOTHI

1.1. HccnenoBaTh  SKCHEPUMEHTAJIbHO  MapaMeTpbl U XapaKTEPUCTUKU
ornepannoHHbIX ycunutenei (OY).

1.2. 3yuntb OCOOEHHOCTH BKJIIOUYEHHUS U CBOMCTBA OMEPAIMOHHBIX yCHIUTENCH,
OXBAaUCHHBIX OOpaTHOW CBS3bI0 W  OOECIEUYMBAIOIIMX  BBINOJHEHHE  PA3IMYHBIX
MaTE€MaTUYECKUX OIEPaLMi Ha/l BXOJHBIMU CUTHAJIAMM.

2. KPATKNE TOACHEHWA K PABOTE

2.1. Oomme CBeJCHUS. OnepanuOHHBIMU YCWINATEISIMA Ha3LIBAIOT
BBICOKOKa4eCTBEHHbIC ycwiuTean mocrtosHHoro Ttoka (YIIT), npenHasHaueHHBIC IS
BBHITIOJTHEHUST PA3IUYHBIX OIEpaIii Ha/l aHAJIOTOBBIMY BeMnunHAMUA. OHU  BBITIOTHSIOTCS
B BHJE WHTETPATBHBIX MHUKPOCXEM, UMEIOT BBICOKHH KOI(PPUIMEHT yCUICHHS,
g depeHITMaTBHBIN BXO 1 HECUMMETPUYIHBINA BBIXO]T.

VYcnoBuele obo3HaueHus OV npusenensl Ha puc. 1. Bxoa, HampspkeHue Ha
KOTOPOM cIBUHYTO 10 (haze Ha 180 ¥ OTHOCHTEIBHO BBIXOIHOTO HaIpsHKEHUs, HAa3bIBACTCS
WHBEPTUPYIOIIUM M 0003HAYAETCs] 3HAKOM MHBEPCUU ° a Bxog, HaIpsHKEHUE Ha KOTOPOM
coBmaiaer mo (a3e ¢ BHIXOJHBIM HANPSDKCHUEM, - HEMHBEPTUPYIOMIMM. J[71s MOBBIIEHUS
WH(OPMATUBHOCTU JOMYCKAETCS BBEJICHUE JIOMOJIHUTEIBHBIX TIIOJIEH C  BBIBOJAMH
oanancupoBku (NC), yactorHoit koppekuuu (FC) u nanpspkenust mutanus (puc. 1, 0).
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Puc. 1. YcnoBaoe o6o3naueHne OY 0e3 J0MOTHUTEIBLHOTO MoJis (a)
U C JIONOJIHUTEIbHBIMHU TOJIIMH (0)

XapakTepHoi 0coOeHHOCTRI0O OV SBISETCS TO, YTO BXOJHBIC CHTHAJBI TOJAFOTCS
OTHOCHUTEJIPHO OJHOW 0O0Imel mmHbI (00mel TOYKH UCTOYHUKOB HampspkeHus: +E u —E),
OTHOCUTEJIbHO KOTOPOIl CHUMaeTcsl BbIXOJHOM curHai. OOmias mIKMHA Ha CTPYKTYPHBIX
cxemMax OOBIYHO HE€ mMokKa3biBaeTcs. [Ipu HyneBbIX BXOJHBIX HAIMPSKEHUAX BBIXOJAHOU
CUTHaJI paBeH HyJ10. VICTOYHMKHM BXOAHOTO CUTHAja U Harpy3Ky MO>KHO HEOCPEICTBEHHO
noAkIoYaTh K BbIBogaM OV, He 3a00TACh 0 pasjeieHUHd NEPEeMEHHON W MOCTOSHHOM
COCTAaBJISIOIIHX.

Ob6mee npezacraBienue o cxeMoTexnuke OV maeT puc. 2, Ha KOTOPOM IpUBEIEHA
ynpomeHHas cxema OY tuna pA741 (anasor 140Y]16). BxomHoii kackaa BBITIOJHEH IO
cxeme nuddepeHIMaNIbHOr0 yCHIUTEeNs Ha P-N-p Tpan3uctopax VT1 u VT2.
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VYupasnsembiii uctounuk Toka (VT3 u VT4) ciy’)kUT B KadyecTBE CONMPOTUBIICHHUS
Harpy3ku tpansucropa VT2. Tpamsucrop VT4 coBmecTHO ¢ Tpansucropom VT3 obpasyer
[0 OTHOUIEHUIO K KOJUIEKTOPDHOMY TOKYy TpaH3uctopa VT1 Tak Ha3bIBaeMylO cXemy
TOKOBOro 3epkaina. Komnekropuslii Tok lg; Tpansucropa VT1 nmepenaercs B BBIXOJHYIO
uenb. Jlj1st BBIXOJHOTO TOKa BXOJHOT'O KacKaJa MOYKHO 3alUcaTh CJIEAYIOIIEe COOTHOIICHHE:
| = Ix1 - lgp. Barogapst ToMy, 4TO BBIXOAHBIM CHTHaJIOM AU((EepeHIHATIBHOIO Kackaja
ABIISICTCS.  PAa3HOCTHBIA TOK, CHH(pA3HbIE W3MEHEHHS KOJUICKTOPHBIX TOKOB BXOJTHBIX
TPAH3UCTOPOB B3aWMHO KOMIIEHCHPYIOTCS, YTO 3HAYMUTENBHO OcCialmser cuH(pas3HbIe
BXOJIHbIE CUTHAJIbI.
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Puc. 2. IlpunanunuansHas cxeMa HHTETPaIbHOTO ONEPAMOHHOTO yeuurens pA741

Omutrepsl TpanzuctopoB VT3 u VT4 mnoaxmouensl k BHemrHUM BbiBogam (NC)
VUHTEIPAJIBHOW MHMKPOCXEMBI, KOTOPBIE CIIy’KaT UIsl YCTaHOBKM HyJIEBOM TOodku. lIpu
MOMOIIM BHEIIHET0 PE3UCTOpPA, MOJAKIIOYEHHOTO K 3THM BBIBOJAM, MOXHO H3MEHSATH
COOTHOIIICHHE MEXIy TOKaMU KOJUIEKTOPOB TpaH3ucTtopoB VT1u VT2,

Bropoii kackan ycuienus oOpasyer coctaBHOM Tpamsuctop VTS5, VT6. On
BKJIIOYUEH [0 CXEME€ C OOIMM S3MHUTTEPOM M HMEET B KA4eCTBE Harpy304HOIO
COIIPOTHUBIIEHNS HCTOYHHK TOKa.

Kongencarop Ci mnpeaHasHauyeH Uil KOPPEKLUM YAacCTOTHOM XapaKTEpPUCTHKH.
YacToTHas KOppeKIusi He0OXoauma Ui TOro, 4TOObl yCTPaHUTh aBTOKOJIEOaHuUs, KOTOpbIE
MOTYT BO3HUKHYTb IpU BBEJIEHUU OOpaTHOM CBs3M. BHyTpeHHEH KOppeKLUHU HE Bceraa
ObIBaeT OCTaTOYHO JUIsl oOecrevyeHus: ycToMuyuBocTU. [109TOMYy ee OmoNHAI0T BHEITHUMHU
HEMsIMH KOPPEKLIXH, MOoAKIouas K BeiBogam FC nonomaurensHblil koaeHcarop Cy.

Brixonnoii kackaa o6pa3yror tpansuctopbl V17 u VT8, OHu BKIIIOYEHBI IO CXeMe
KOMIIJIEMEHTapHOTO 3MHUTTEPHOTO TOBTOPHUTENSI C MAJBIM TOKOM IOKOsI (IBYyXTakTHOE
BKJIFOUEHHE B pexrnme AB).

Ha tpansucropax VT9 u VTI10 BoimomHeHBI MCTOYHMKH TOKa. ba3oBble 1menu
MIOKa3aHbl YCIOBHO.
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2.2. llapamMeTpsbl U XapaKTePUCTHUKHU ONEePALMOHHBIX YCHIUTe el

[TapameTpsl 1 xapakTepucTukd OY MOXHO YCIOBHO pa3feluTh Ha BXOJHBIE,
BBIXOJIHBIE U XapPAKTEPUCTHKH TE€PEIaUH.

2.2.1. K oCHOBHBIM BXOJHBIM IapaMeTpaM OTHOCAT. HANpSHKEHHE CMEIICHUs HYJIIS;
BXOJHBIC TOKHM M COINPOTUBICHHUA; Ko3(duumeHT ocnabrenus cuH(}A3HOTO CHTHANIA,
TeMIepaTypHBIN Apeii( HANPSHKEHUST CMEIEHUs HyJIsl ¥ BXOJHBIX TOKOB U JIp.

Hanpsowcenue cmewenuss nyns Ug,, - 3TO NMOTEHIMAI HA BBIXOJAE YCUJIMTENS NpU
HYJIEBOM BXOJHOM CHTHaJie, KOTOPBIA MOAENEH Ha KOA(P(UIMEHT YCHICHUS YCHIINTEIS.
JlaHHBIN MapaMeTp NOKa3bIBAET, KAKOW UCTOYHUK HANPSKEHUS HEOOXOAUMO MOJKIIOUUTh K

Bxony OV mist Toro, 9To0BI Ha BBIXOJIE TONYYHUTh Ugy = 0. Ecin OV Brimtounts co 100%-
HOW OOpaTHOW CBs3bIO, TO KOd((UIMEHT ycwieHus ero OyneT paBeH eIWHUIE, a

BBIXOJJHOE HamnpspkeHue paBHO Uy, (puc. 3, a; xrroun S1 u S2 3amkHyTHI). 3HaueHue Uy, -
1 MB - gecarku MB.

Bxoouvie moxu o00ecrieunBaroOT HOPMAJIbHBIM  PEKUM paboOTBl  BXOJHOIO
¢ depeHIMaIbHOTO Kackala Ha OUMOJSPHBIX TpaH3ucTopax. Ecim k 06oum Bxogam OY
MOJKIIIOUEHbl HMCTOYHMKU CUTHAJIOB C Pa3HbIMU BHYTPEHHHMH CONPOTUBIEHUSIMHU, TO
BXOJIHbIE TOKHM CO3JAlOT pa3Hble NaJACHHUS HANpsHKEHUS Ha OTUX BHYTPEHHHX
compotruBiieHusx. Mexay Bxomamu OV mnosiButrcs auddepeHnnanbHblii  CUTHAI,
M3MEHSIOIIMKM BBIXOJHOE HamnpsbkeHue. C Ienblo €ro yMEHbBIIEHHUS COINPOTHBIICHHUS,
MOJIKITII0YaeMble K 000MM BX0J1aM, CIIeAyeT OpaTh MO BOZMOKHOCTH OJIMHAKOBBIMHU.

M3MepeHne BXOJHBIX TOKOB OCYIIECTBIISIETCS 110 CXeMe, MOKa3aHHOW Ha puc. 3, a.
[Tpu pasmbikannu kmoda S1 K03pPUIMEHT yCUIeHHS IO HANPSDKEHUIO OCTAE€TCS PaBHBIM
€MHHIIE, a BXOJHOe HanpskeHue Ugx; 3a cueT majeHusl HaupsKEHHUsS Ha CONPOTHUBIICHUU
m3menutcss Ha AUgpxi = lgx1 Rp. BeixogHoe Hamnpsbkenue gocturaet 3HaueHus Uppix 1. A
TaKk Kak KOO(QQHUIMEHT YyCHJICHHS [0 HANpsSHKEHUIO PaBeH €IWHUIE, TO CIPaBEIJIUBO

paBeHCTBO AUpx1 = Upx1 - Ugy = lex1 R

OTcrona Tok mepBoro Bxoja onpeneiautcs u3 BoipaxkeHus lpx; = (Usx1 - Uey)/Ra2.
BxomHOW TOK BTOPOTO BXOAa OMPEIACNISIOT aHAJIOTHMYHO MPH PA30MKHYTOM S2 |

3aMKHYTOTO S1: Igx, = (Usx2 - Uey)/Ra.
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Puc. 3. Cxemsl 1u1s1 onpeieieHus: BXOAHBIX apameTpoB OY

Bxoanoe conpoTusienue i AupdepeHnnanbHoro curaana Ryy mug - 9T0 MojIHOE
BXOJIHO€ COINPOTHUBJIEHUE CO CTOPOHBI JIOOOr0 BXOJa, B TO BpeMs Kak APYro BXoA

COEJIMHEH C 00IMM BBIBOZOM. ¥ onepannonHoro ycunurens K140V 16 Rgy g = 2 MOwm.
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2.2.2. K rpynme xapakrepuctuk nepefadn OY MOXHO OTHECTH KOA(PPHUIHEHT
YCHJICHUS IO HANPSDKEHHUIO, CKOPOCTh HApacTaHUS BHIXOAHOTO HANPSHKEHHS], aMILTUTYIHO-
YaCTOTHYIO XapaKTEPUCTHKY.

Kosppuyuenm ycunenusa no nanpaxcenuro Ky OY moxer ObITh  oOIpenencH
HKCHEPUMEHTAILHO O cxeMe puc. 3, 0, korma Ha Bxox OV, He OXBAaYEHHOTO LEIBIO
OoOpaTHOM CBSA3HM, TOAAETCS HM3BECTHOE  HANPSHKECHHE W OIMPEIeNIeTCs BBIXOTHOE
HanpspkeHne. Hampspkenune cMemnienus Hyss, ycuwinuBasch B Ky pas, MOXeT mpuBecTH K

Haceimennto OY. Ilostomy mepen Hadanom wusmepenudd npu Epy = 0 ¢ momomrsio
pe3ucropa Rg HE0OX0IMMO BBICTaBUTh HYJIEBOE BBIXOJIHOE HAIPSKEHUE.

Bxonnoe Hanpskenue Egy pu 1aHHOM cxeme U3MEpeHUuid OepeTcss HU3K04aCTOTHBIM
(20 T'm). Koappumment ycunenns Ky ¢ yuerom Bxomnoro nenutens HanpspkeHui (Ro, Ri;)
OIIpeEeIAETCs BEIPAKEHUEM
Ky = Uguix (R11 + Rg) / EgxRu;.

Cnenyer ormeruts, uro OV 0e3 neneil oOpaTHON CBA3M NPUMEHSIOT KpailHE peaKo
u3-32 TEeMIIepaTypHOH HECTaOMIBHOCTH HANpPSKEHHUS CMEUmleHHs U Kod(¢uiueHTa
ycwiienusa Ky. Ota HecTaOMJIBHOCTh MOJKET BBI3BaTh HACBILIEHUE BBIXOJHOIO Kackana OY
¥ OH CTaHET HepabOTOCTIOCOOHBIM.

Ckopocmb HapacmaHusi 6bIXOOHO20 HANPAJiCEHUs - 3TO MaKCHMalbHas CKOPOCTh
U3MEHEHMSI BBIXOJHOIO CHUTHAJIa NMPU MAKCUMAIbHOM 3HAYEHMM €ro aMmImuTyel. llpu
U3MepeHnH ckopocTu Hapactanus OV Brirouaercs B cxemy (puc. 4, a), 00ecreunBaronIyo
eIMHUYHOE YCWJICHHE, W Ha €ro BXOJ IOJAeTCs HANpsHKeHHE NPSIMOYTOJbHOU (HOPMHE,
aMIDIATY]1a KOTOPOTO TAaKOBA, YTO BBIXOJHOW KacKaJl IMormajgaeT B 001acTh HackeHus (puc.

4, 6). CkopocTh HapacTaHus Vppx ONPEACISACTCS KaK TAHTCHC yrila HAKJIOHA Y4YacTKa,

3aKJIFOYCHHOTO MEX/Ty MUHHUMAJIbHBIM U MaKCUMAaJIbHBIM 3HAUYEHUSIMHU BBIXOJHOTO CHUTHAJIA,
U IMEEeT pa3MepHOCTh B/MKc.
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Puc. 4. Cxema 1151 onpeielicHUs: CKOPOCTH HapacTaHus Vg x ()
U OIIPEJICJICHUE €€ 10 pe3yJibTaTaM u3MepeHuit (0)

AMIUTATYJHO-4acTOTHAsA XapakTtepuctuka OV OObMHO  NPUBOAUTCA B BHUIE
rpaduka, MOCTPOCHHOrO B Jyorapudmuueckom wmacitadbe (puc. 5). Ilpuyem y OV ¢
BHyTpeHHel koppekuueir JIAUX 3a uactoroit cpesa fCp MOKHO aIlIPOKCUMUPOBATH
npsMoi, umerorieit HakioH 20 nb/mek.

2.2.3. K rpynme BBIXOTHBIX MapaMeTPOB OTHOCSATCS BBIXOJHOE COMPOTHBIICHHE,
HaIpsDKEHHUE U TOK BBIXOA.

MakcumabHbIC BBIXOJIHBIE HaNpPsHKEHUE W TOK, a TaKKe MUHUMAJIBHOE IOy CTUMOE
COTIPOTHBIICHNE HATPY3KH YKa3bIBAIOTCS B TeXHUYECKUX ycnoBusix Ha OVY. Jlng usmepenus
BBIXOJIHOT'O COMPOTUBICHUS Ry x MOKHO HCIONB30BaTh cxemy puc. 3, 0. [lepen Hauamom

u3mepenuit pu Ezy = 0 ¢ momomipio pesucropa Rg HE0OXOIUMO BBICTABUTH HYJIEBOE
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Ky, 1b
‘ BBIXOJIHOE HaMpsKeHUe. 3aTeM IO0JAeTCs BXOAHOE
80 20 1E/ HanpspkeHue, U Ha Bbixoge OV u3Mmepstorcs aBa
60 Ab/zex HAIIPSKEHUS TIPM OTKJIIOYEHHOM U TOAKIFOYEHHOM
\ conpotuBieHnn Ry. BbIXogHOE CONpPOTUBIIEHUE
40 YCHIIUTEIIS BEIUUCISIETCS TT0 (popmyte
20 RBI)IX = RH(UXX - UH) / UH’
fop rae Uyy - BBIXOJHOE HaIpsHKEHHE XOJIOCTOro XoJa
10° 10° 10* 10° f I'm (marpyska oTkmouena), a Uy - BbIXOZHOE
HANpsOKCHUE  YCUJIMTENS TPH  MOAKIIOYCHHON
Puc.5. AMIIuTy 1HO-4acTOTHAA HarpysKe
XapaKTEPUCTUKA YCUITHTEIIS
apakIcpuctuKa yc ens 6e3 OC 2.3. OnepanuoHHsble YCHJIMTEJIH,

OXBaYyeHHbIe 0OPATHOM CBSA3BIO

Ha mpakTuke omepanvoHHBIE YCHIUTENH HCHOJB3YIOTCS C OOpaTHBIMH CBSI3SIMH,
KOTOpBIE M3MEHSIOT WX aMIUIMTYIHO-4acTOTHBIE Xapakrtepuctuku. B OY oOparHas cBs3b
OTpHIIaTeIbHAs], €CIM OHA MOJACTCS C BBIXOJA YCHWJIMTENS Ha WHBepTUpyromuil Bxoa. U
HaoO0OpoT, oOpaTHas CBsI3b SABISAETCS MOJOKUTEIBHOW, €CITM OHa IMOJaeTcs Ha
HEUHBEPTUPYIOIIHUNA BXOL.

Ha puc. 6 mpuBeneHbI cXeMbl peau3alii OTpUIaTesbHoi ooparHoii cBs3u (OC) B
OTIEPAlIMOHHBIX ycuauTensax. [Ipu momaye BXOTHOTO HANPSHKEHHS HAa HEHMHBEPTUPYIOIIMNA
Bxox OV (puc. 6, a), oxpauennoro OC ¢ koddpdunmeHTom y , paBabiM Y =R; / (R; + Ry),
KOA(PUIMEHT YCUIICHUS IO HATIPSDKEHUIO

Ku=Ky/(1+yKy)=Ky/[1+KyRi/(Ri+ Ry)]

MpuKy Ry / (Ry + Ry) >> 1, Ku=1+ %.
1
a) R> 0) R>

_(1,% R, DAL
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Puc. 6. Bkimouenue OV ¢ momadeld BXOJHOTO HANPSKCHHUS Ha HCMHBEPTUPYIOIHA (a)
¥ HHBepTHPYIOmHi (0) BXOIbI

Kosdpduuuent ycunenuss OV, oxBaueHHoro ortpumnarenbHoir OC, mnpu O0JbIIOM
3HaueHun Ky ompenensiercs Tonbko compoTtuBieHusiMu R;, R, u Mano 3aBUCUT OT
kosnebanuii Ky.

Tak kak B paccmarpuBaemMoM ciydae curHal OC BBOAMTCS MOCJIEN0BATEIbHO C
BXOJHBIM HAIpSXKEHUEM, BXOJHOE CONMpoTHBiIeHUE M AU epeHHalIbHOTO CUTHaja
yBenuuuaercs B 1 +y Ky pas

Rex oc = Rex (1 +v Ky).

Curnan oOpaTHOM CBS3U CHUMAETCS TPONOPIMOHATBHBIM BBIXOJHOMY HAINPSKEHHUIO,

MI03TOMY BBIXOJIHOE CONPOTUBIIEHUE YMeHbIaeTcs B 1 + v Ky pa3

R goix oc = Resx /(1 + v Ky).
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[Tpu monave BXOJHOTO HANPSOKCHUS] HA WHBEPTUPYIOIUil Bxoxa (puc. 6, 6) BBoguTCS

napayenbHas orpunarensias OC no Hanpspkenuto. Eciu y Ky >> 1, To koadpunment

R
YCUJICHUS 110 HAIIPSHKEHUIO Ku=-—-=2.

1
Pasnocte moteHnmanoB mexay Bxoaamu OV nocratouHo mana. Hamnpsbkenue Ha
HEMHBEPTUPYIOLIEM BXOAE OTIMYACTCS OT HAIPSIKEHUS HAa HHBEPTHUPYIOLIEM BXOJAE Ha

BeimuuHy AU = Ugyy / Ky. [To3TOMy MOXHO CUMTaTh, YTO MOTEHIIMAT WHBEPTUPYIOIIETO
BBO/Ia paBeH HYJIIO (BUPTYAIbHBINA HYJIb).
Ku, 1B Torna BXxogHOE CONPOTHBIICHNE
Rex oc = R .

BrixoaHoe conmpoTHBIIEHHE ONMpEAeNsieTcs Tak
12 e, KaK U U1 IPebIIyIIe CXeMBbI.

IIpu BBemennn OC  aMIUIUTYJHO-
3 4acTOTHAs XapaKTepUCTHKA YCHIIUTEIS
3aBUCHUT OT napaMmeTpoB 3iemeHToB 1enu OC.
Tax, ecnu HIIEMEHTHI aKTHUBHBIC
COIIPOTHUBIICHHUS, TO BBEJICHUE OOpATHOMN CBSI3U
feps3 f ¢ koadpoummentom OC Y, UM Y3 NPUBOIUT K
YMEHbBIICHUIO Ko3(duinenTa ycuiaeHus 1o
HanpspKeHuio ¥ nosbimenuio B 1 + y Ky pas
4acToThI cpe3a (puc. 7).

Ky y1=0

Ku,

Kus

fcpl fcp2

Puc. 7. JIAYX ycunurens 6e3 OC
u ¢ OC pa3Hoil ri1yOuHBI

2.4. Macmuta0Hble YCHJIUTEH.

Ycunurenu, UMEIONME TOYHOE HOPMHUPOBAHHOE 3HauYeHHe Koddduimenra
YCWICHHS, Ha3bIBAIOT MacmTabHbIMU. [Ipn ux cozmanuu npumeHstor OV, BKIIOUYEHHBIE 10
cxeme puc. 6, HCHONB3ys YUCTO AaKTUBHBIE compoTuBieHus R; m R, s co3manus
oTpunaTeNbHOW oOpaTHOW cBsizu. [lo cxeme puc. 6,2 BBINONHSIOT HEUHBEPTUPYIOIIUN
YCWINTENh, a TI0 CXeMe puc. 6, 0 - HHBEPTUPYIOIIIHIA.

Ha ocHOBe WHBEPTUPYIOIIETO YCHUJIUTENS MOXHO BBINOJIHUTE CYMMHPYIOIIEE
ycrpoiictBo (puc. 8, a). B HeM 0TCyTCTByeT B3aMMHOE BJIMSIHME BXOJHBIX CHUTHAJIOB. JTO
MPOUCXOIUT MOTOMY, YTO MHBEPTUPYIOLIUNA BXOJl UMEET MIPAKTUUYECKHU HYJIEBOW MOTEHIIHAI.
BrixoHOE HaNps)KEHHUE TAKOTO YCUIIUTEIIS

UBLIX =- (UBX:L R2 / Rl + UBXZ R2 / R5)

B uHBEpTHPYIOIIUX YCHUIUTENSX HEWHBEPTUPYIONIUN BXOJ OOBIYHO COEIUHEH C
o01ieit Toukoro yepes pesuctop Rr. OH He BiuseT Ha KOAPGUIIMEHT YCUICHHUS U BBOJIUTCS
JUI. YMEHBIICHUSI M3MEHEHUW BBIXOJIHOTO HAMpPSKEHUS, BbI3BAHHBIX BPEMEHHBIMH WJIU
TEMIIEPaTYpPHBIMU KOJICOAHHUSIMU BXOJHBIX TOKOB. ComporuBiieHHE R BBIOMpAIOT TaKuM,
YTOOBI SKBUBAJIECHTHBIE CONPOTUBIICHHUS, OAKIIIOUeHHbIe K BXogaM OV, ObUIM OJIMHAKOBHI.
Jist cxembl puc. 8,a Ra=R; || Rz || Rs .

IIpu ogHOBpEeMEHHOM MoOJaye HaNpsHKeHWsT Ha o00a BXOJa HWHBEPTHUPYIOIIETO
YCHJIUTEINS TIOdydaeTcs BblUMTatommii ycuiautens (puc. 8, 0). I[lpu ompeneneHuu
BBIXOJIHOIO HAMNpPSKEHUs CIpaBeJIMB NPUHUUIT HAJIOXKEHUS Il KaXJOro BXOJHOTO
CUrHaia

UBBIX =- UBXl R2 / Rl + UBXZ [ (Rl + Rz) / Rl] [R4 / (R3 + R4)]
Ilpu  BemmomHenun  ycnoBusa RyR3 = RiR4,  ycwnurens  ctaHoBUTCA
nuddepeHIMaIbHBIM U YCHIIMBACT Pa3HOCTh HANPSHKSHUH, MPUII0KEHHBIX K BXOJaM:
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UBLIX =- (UBX1 - UBXZ) R2 / Rl

R: R2 R; R,
Upxg O—1—1 Upygp O— L1

Rs DAl DA1
Upeo O— T+ | . Ra % .

C | Ugyo O—1 11—
R3 UBBIX R4 UBI)IX
O T —O o— T o]
a) 6)

Puc. 8. Cxembl cymmaTopa HanpsbKEHHH (a) ¥ BBIYMTAIONIETO yCTpoicTBa (0)

2.5. Ilpeodpa3oBaTe/in HANPSIKEHHE - TOK. DJICKTPOHHBIE YCHIIUTEIH, UMEIOIINE
0OJbIIME BXOJAHOE U BBIXOJAHOE COINPOTHUBIICHHUS, HA3bIBAIOTCA IPeoOpa3oBaTeIsiMU
HanpspkeHue - TOK. Uil HUX BXOJHBIM CUTHAJIOM SIBJISIETCSI HANPSKEHUE, a BBIXOIAHBIM -
TOK. Majioe U3MEHEHHUE BBIXOJHOTO TOKa MPU MOJKIIOYEHUU PA3IUYHbIX CONPOTUBIICHUIM
Harpy3Kd MOJY4aroTcs 3a c4eT OOJIBIIOr0 COOCTBEHHOI'O BBIXOAHOI'O CONPOTUBIIEHUS, WIH
3a CYET UCTOJIb30BAHMS OOPATHOM CBSI3U MO TOKY.

Cxema mpocTeiiero npeoopa3oBaTeliss HANpsHKEHUE - TOK TMPHUBEACHA Ha puc. 9, a.
OTy cXeMy NpPUMEHSIOT TOrja, KOrja Harpys3ka rajJbBaHUYECKU HE CBs3aHa c 3emiiei. Ee
paboTa OCHOBaHa Ha MCHOJIb30BAaHWU PABEHCTBA TOKOB, MOAXO/IIMX W YXOAAIIUX OT

unBeprupyromiero Bxoga OV (igx + Iy = 0). ITostoMy TOK B Harpyske Iy 3amaercs
pesucropoM Ry. iy = - Ugy / Ry.

Ha puc. 9, 6 wusobpaxkeH mnpeobpa3oBaTelib HANPSKEHUE - TOK, B KOTOPOM
peanuM3oBaHa WAEs YBEIMYEHHS BBIXOJHOIO HANPSKEHWS HA BEJMUYMHY I1aJICHUS

HanpspkeHus Ha Harpyske. [pu Ry = 0 Tok Harpysku Iy = - Uy Ry / RsR7. Eciin Ry # 0, 1o

Ha HeM mafaer Hanpsbkenne Uy = Ry Iy 1M BBIXOJHOE HANPSIKEHHE YCUIIUTENS HEOOXOAUMO
YBEIMYUTh Ha 3TO 3HaueHue. I[lapaMerpsl pe3ucTOpOB MOKHO ONPEACIUTh U3 YCIOBHS

MOJIyYEHHs €IMHUYHOrO yCWiIeHHs HanpsikeHus: Ugyx IpU OTCyTCTBUM Harpysku. Ecin

R,/ Rs = R; / R Tok Harpy3ku He 3aBHCHUT OT U3MEHEHHH Ry M paBeH Iy = - Upx / Re.
a) RH 6) R2
R, DAL Rs DA1
o— 1438 o+ & ]
Ugx R;
UBX UBI)IX
Re Ru
O O _|__|: :__L

Puc. 9. IIpeoOpa3oBareiy HaPsHKEHUE - TOK ¢ U30JIMPOBAHHOM OT OOIIIel IIMHBI (a)
¥ 3a3eMJICHHO# (0) Harpy3Koi
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2.6. ®a3zocaBUrawye yCTpoiicTBa. DT YCTPOHCTBA MCIIONIB3YIOT JJIS TTOTY4YEeHUS
HaANPsDKEHUH, CABHHYTHIX MO (pase Ha ompeneneHHbd yroia. MX mpuMeHSIoT B cocTaBe
(GUIBTPOB M aBTOTEHEPATOPOB TAPMOHMYECKHX KOJEOaHWM, a Takke JUId yNpaBICHUS
TUPUCTOPHBIMHU ITPEOOPA3OBATENSMH.

[Ipu co3manum QazocaBUTAONMX yCTPOUCTB  dYacTto npuMmeHsioT RC - memnwm
unTerpupymomero (puc. 11, a) u nuddepeniupyroriero (puc. 10, a) Tunos. KoadduipeHTs
nepesayu 3TUX LEeneil COOTBETCTBEHHO PaBHbI

1 .
K=Ugyx/ U =1/ (1 +joRC) = \/— el®tL
1+ ®*C*R®
2
(o RC) joo2
222 ©
1+ w“C°R
rae ¢ | = —arctg ®RC, ¢ =90 —arctg ®RC.
RC - menp mMHTErpuUpyIOMIETO THUMA 00ECIEUYMBACT OTCTAaBaHUE MO (pa3e BBHIXOIHOTO
HanpspKeHust Ha yroi ¢ |, a RC - nens nuddepennupyromero Tuma - onepexeHue mo ¢dase
Ha YroJl @ ;. 3HaYeHUs YIJIOB @ | U @ ; 3aBUCAT OT napameTpoB R u C 1 MOryT MEHAThCS B

npenenax or 0 mo 90 o, IIpn 3TOM CyIIECTBEHHO MEHSETCS aMIUIMTYJA BBIXOAHOTO
HaNPsDKEHUsI, ONpeessieMas MOAyJIeM Ko pHUIMeHTa nepeaayu.

K = Ugux / Ugx = joRC / (1 + joRC) =

Ri=Ry R,

11 c R, DAl

O———L 1 >
UBX R UBI)IX ~U T R
C l O U—l— UBI)IX
O | O
€1
a) 5)

Puc. 10. uddepenuupyromas RC- uemns (a) u azocasuraromiee ycTpoicTBO
Ha ocaose OV (0)

[Tpu ucnonb3oBannu OY MOXKHO cO31aTh IPOCTHIE (Pa30CABUraIONINE YCTPOHCTBA, Y
KOTOPBIX aMIUIMTY/Ja BBIXOJHOTO CHUTHAJIa MOCTOSIHHA, a (pa3a MOXET ObITh M3MEHEHA B
npenenax 180 0 (puc. 10, 6). Curnan Ha HeuHBepTHUPYIOIIEM BXojae OY

Usx:1=UR/[R+1/(joC)].
Tak xak y uneanuzupoBanHoro OV Upx 1 = Upx 2, @ Rgyx = 0 TO TOK pesucropa R;
ONPENENSAIOT U3 ypaBHEHUS
I = (U - Usx 1) IRy = (UBXl - UBLIX) I Ry, OTKYyZa Uppx = 2Upx1- U.
[ToacraBuB Beipaxkenue aisi Ugx 1 ¥ BBIOJIHUB MIPe0Opa30BaHUS, TOTYYUM
K=Ugx/U=(1- joRC)/ (1 +joRC)

Takum oOpazom, ko3 HUIIMEHT Tepeavyn 0 HANPSDKEHUIO HE 3aBUCUT OT 3HAYCHUS
compotuBiieHus R, a (asza BBIXOAHOTO HaMpsDKeHHWs] MpU HW3MEHeHHMH R oT Hyns 1o
OCCKOHEYHOCTH MeHseTcs B mpeaenax ot 180 0 o 360 0

Pesuctop R u xongeHcatop C MOKHO MOMEHSTh MECTAMH, MPU STOM OT U3MEHEHHUS
R ¢a3a BeIxogHOTO HanpsHKeHUs MeHseTcs B npenenax ot 0 go 180 0
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2.7. UaTerpupyouye ycrpoicraa
2.7.1. Ilaccusnvie nunetinvie unmezpupyrowue yenu. Oo6sranas RC - mens sBisieTcs
HanboJiee IPOCTHIM UHTETPUPYIOMUM ycTpoicTBoM. Eciii B MoMeHT Bpemenu t = 0 Upyx =

0 HampspKeHHE Ha BBIXOJIE TAKOW IETIH
t t

1.
Upx (t) = — J. idt = R_lcj. (Usx - Ussx)dt.
C 0 0
t

Ecnu | UBLIX | << | UBX |, TO UBLIX (t) = R_]-CJ. UBX dt .
0

ITpu Upx = const Ugpx (t) = Upx t/ RC. CaenoBarenbsHo, npu ucnosib3oBanuu RC -
HeNW JUIsl MHTETPUPOBAHUS BXOJHOTO CHTHAlIa HEOOXOAMMO, YTOOBI €€ MOCTOSTHHAs
Bpemenu T = RC Obuta MHOTO O0JIbIIIE BPEMEHU HHTETPUPOBaHU L.

PaccmoTpuM  mpOXOXAEHHE MPSMOYTOJBHOTO HMITyJIbCA C  MaKCHMAlbHBIM
3naueHueM Ugy uepes maTerpupytomy RC - mens (puc. 11, 6). BeixogHoe HamnpsikeHUE
HApacTaeT 0 3KCIIOHCHIIMATLHOMY 3aKOHY

UBLIX (t) = ng(l -C t/ )
Ommbka wHTerpupoBanus npu = f; AU = Up '[Hzl 212, Ornocurensuas

HOrPEeNIHOCT,  WHTerpupoBanusi O = t,/2t.  Hampumep, s UHTErpUpOBAHUS
IPSIMOYTOJIFHOTO MMITYJIbCAa C MOTPEIIHOCTHIO, He TMpeBbimaioniei 1%, neodxoqumo Opathb
TaKylo Lenb, OCTOSIHHAs BpeMeHH KOoTopoil B 50 pa3 0oJjblle UIMTEIBHOCTH BXOJHOTO
UMITyJIbCa, TP 3TOM MaKCHMAaJIbHOE BBIXOJHOE HAMpspKeHUEe MHTerpupyromei nenu B 50
pa3 MEHbLIE 3HAYEHHS] BXOJJHOTO HAIIPSKEHUS.

R

[
UBX \l/ C UBI)IX

O T —O

Puc. 11. Unrerpupytomas RC - nens (a) 1 quarpaMmbl BXOJHOTO M BEIXOJTHOT'O
HanpspkeHui (0)

B wunmeanbHOM WHTErpaTrope BBIXOJHOM CHTHaJl JOJDKEH OCTaBaThCA TOCTOSHHBIM
nocje OKOHYaHUS BXOAHOTO HMMITyJbca. B paccmaTpuBaeMol MM OH YMEHbBIIACTCS U
4yepe3 MPOMEKYTOK BpeMeHH (2 - 5) T paBeH HyIIO.

2.1.2. Unmezpamopwl na ocnoge onepayuonnsix ycuaumeneti. Cxema MpocTeHIIero
uHTerparopa Ha OV mokaszana Ha puc. 12, a. Tak kak ko3¢ punuent ycunenus OV Benuk,
TO mpu paboTe B JMHEWHOM pPEXKHME PpA3HOCTh MOTEHIMAIOB MEXIY €ro BXOJaMH
CTpeMUuTbcs K Hymo. He wuHBepTUpyOmUNA BXOA COEAWHEH ¢ OOmEed MIMHOH,
CJIEZIOBATENBHO, MOTEHIIMAT WHBEPTHPYIOIIErO BX0Aa OJM30K K MOTEHIMATY OOIIEH IINHBI.

Bxoano Tok Ir = Upx / R. DTOT TOK mpu BBICOKOM BXOIHOM coOnpotusjienun OV
MOJTHOCTBIO TIpoTeKaeT uepe3 KouaeHcatop C. Hampsbkenume Ha koHueHcaTtope UC u
BBIXOJIHOE HAIPSKEHUE YCUIUTENSI U3MEHSIOTCS 0 3aKOHY

t
Ugnix (t) = R_lcj. Ugx dt.
0
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[Tpu momave Ha BXOJ CKauka HaMpsHKEHHS MOCTOSTHHOTO 3HadeHuss Ugx = const
UBLIX (t) =- UBX t/RC=- UBX t/ T
Takum o6paszoM, eciu OY OIU30K K WICANBHOMY, TO JAaHHAs cxeMma 00ecreyrBacT
NPEUN3UOHHOE HHTETPUPOBAHUE BXOAHOTO CHTHAIA.

—L M R
a) ic | «— | CC 2 K, nb
1
Ky
IR DA2
] 20 nb / nex
> -O
R
Upx Usrix
|
© 1 © O w, 190

Puc. 12. Cxema unterparopa Ha OY (a) u ero norapupmudeckast
aMILIATY IHO-9aCTOTHAs XapakTepucruka (0)

B peanbnoM OV Hannuue HanpsbkeHus cmemieHust Hylst Ug, W BXOJIHBIX TOKOB
IPUBOJUT K OrPAHMYEHUIO MAaKCUMAJIbHON JJINTEIBHOCTH MHTEIPUPOBAHUS IOJIE3HOIO
CHTHaJla, TaK KaK ¢ TEUEHHWEM BPEMEHHU HaNpsHDKeHHE OMIMOKM MOCTENeHHO HapacTaeT. B
utore OY MOKeT NoNnacTh B PEKUM HACBILIEHUS.

[lepen HauanmoOM MHTETPUPOBAHUS MHTETPATOPHI HEOOXOAUMO “‘COPOCHUTH” Ha HOJI,
IUIS 3TOrO NapajulesibHO KoHJeHcaTopy C BKIIFOYAIOT 3JIEKTPOHHBIM KIIIOY, BBIIOJHEHHBIN
Ha TM0JIEBOM TpaH3ucTope. JlnurenpHOCTh paspsaa KonzaeHcaropa C 3aBUCHUT OT €ro
€MKOCTH M BHYTPEHHETO CONPOTUBIIEHUSI OTKPBITOI'O TPAH3UCTOPA.

B mpakTthueckux cxemax MHTErpaTopoB MapajiedbHO KoHAeHcaTopy C BKIHOYAOT

pesuctop R, mpu 3TOM CHIXKaeTcss KOI((GUIMEHT YCUICHHS HO HAIpPsDKEHUIO W,
CII/IOBATEIbHO, CMEIIEHNE HYJIS BBIXOJAHOTO HanpsbkeHus (puc. 12, a).

[Tpu koHeuHoM 3HayeHMHM Kodduumenta ycwienus Ku = - R, / R unHTerparop
sKkBHBaJICHTeH 00baHONM RC - menm, y koTtopodl 3HadeHHMEe eMKocTh KoHuaeHcatopa C
yBenuueHo B 1 + Ku pa3, a majneHue HampsikeHus Ha HeMm yBenumueHo B Ku pa3. Tak,
HarpuMep, IpH Mojiaue Ha BXOJ MOCTOSHHOTO HANPSKEHUS! BHIXOIHOE HAIPSKEHUE

Upnx () = - Usx t Ku/ RC (1 + Ku). CootBeTcTBeHHO yacToTa My Ha JIAUX (puc

12,60) paaa z=1/RC (1 + Ku).

Tak xe kak u B maccuBHoM RC -menu, mpu monxade Ha BXOJ HHTETparopa
MNPSIMOYTOJIBHOTO UMITyJIbCA HANpPsDKEHUs, BBIXOJHOE HANpsDKEHUE M3MEHSIETCS 110
HKCIIOHEHITMAIbHOMY 3aKOHY, a MOTPENIHOCTh WHTETPUPOBaHUs npudimsuTensHo B KU pas
MEHBIIIe TI0 cpaBHEHUIO ¢ ipocToit RC - nienbio mpu Tex xe HomuHanax R u C.

N3-3a xoHeuHoro 3HaueHusi kodddumuenta ycwienus OY uHTErpaTtop B IMOJIOCE

HU3KHUX YacTOT pabOTaeT KaK YCHJIUTENb. TONBKO C YaCTOTOM (D HAYMHAIOT MPOSIBIATHCS
€ro HHTErpUPYIOIINE CBONCTBA.

WuTerparopbl NpUMEHSIOT NMPU CO3JAHUM TE€HEPAaTOPOB JMHEHHO H3MEHSIOIIErocs
HATIPSDKEHNS, TOYHBIX (ha30CABHTAIONMX YCTPOHCTB, obecreunBaromux monyderne 90 °
¢dazoBoro ciBura, B kauectBe PUILTPOB HUZKHUX YACTOT.
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2.8. JleTeKTOPBI DJIeKTPUYECKUX CUTHAJIOB.

[IpunaTO paznuyaTh AETEKTOPHI CPEIHEBBIPSIMIECHHOTO, MIUKOBOTO U JEHCTBYIOIIETO
(3 dexTrBHOTO) 3HAUCHUH.

2.8.1. JleTekTOpbI CpeIHEBHIMPAMJIEHHOT0 3HAYEHUS BBITIONHSIOTCS IO CXeMaM
OOBIYHBIX BBITPAMUTENBHBIX yCTPOUCTB. [Ipm OONBIIMX yYPOBHSX BXOJHOTO CHUTHAJIA
MPUMEHSIOT TAaCCUBHBIE MpeoOpa3oBaTelid Ha MOJYNPOBOJAHUKOBBIX Auojax. JuojHbie
JNETEKTOPhl 00JIaJal0T 3HAYMTENIbHOW HETMHEWHOCThIO MPHU MAaJIbIX BXOJHBIX CHUTHAjaX,
HU3KOW TOYHOCTBIO, U3MEHCHHEM XaPAKTEPUCTUK MPeoOpa30BaHUS IPU CMEHE JTUOJIOB.

3HAYUTENBHO JIYYIIHE XapPAKTEePUCTHUKUA MOXHO TMOJYyYUTh HPU HUCIHOJIb30BAHUU
JETEKTOPOB CPEAHEBBINPSIMIICHHOTO 3HaUeHHs Ha ocHOBe OY. B HUX JAMO/IbI BKIIIOUAIOTCS B
uenb orpunarenbHor OC, mpu 3TomM npumepHo B YKU pa3 ymeHblIaeTcs BXOIHOE
HaIpsDKEHUE, MPU KOTOPOM IOl OTKPHIBAIOTCS.

Ha puc. 13, a wu3o0paxkeH OIHOMNONYNEPUOMHBIN BBIIPSIMUTENIF HAa OCHOBE
UMHBepTHpytollero ycwiurend. [Ipu mogadye Ha BXOJ OTPUIATENIHLHOTO HAIMPSKEHUS U0
VD1 3akpeit, a quon VD2 oTkpeiT. BeixomHoe HanpsikeHHe

UBI)IX = 'UBXR15/R14-

[Ipy MONOXKUTENBHON MOJSIPHOCTH BXOAHOIO HampsKeHus OTKpbIT auon VDI.
BrixonHOe HampspKeHHE ONEPAllMOHHOTO YCWIMTENS PaBHO HANPSXKEHUI0 HAa OTKPBITOM
muoae VD1 (mis xpemHHEBBIX au0a0B mnpuOau3uTensHo - 0,6 B oTHocuTenbHO 0OIICH
toukn). Jlnonq VD2 3akpbiT ¥ BBIXOJ BBIIPSIMHUTEIS COCIUHEH 4Yepe3 pe3uctop Ris ¢

uHBepTUpytomuM Bxonom OV, cnenoBarenbHo, Uy = 0.

Ecnu Ha BX0oA mojaTh HaNpsHKEHHE CHHYCOMIANBbHOM (DOPMBI, TO Ha BBIXO MPOHIYT
TOJIBKO IOJIOKUTEIBHBIE TIOTYBOJIHBI.

Ha puc. 13, 6 moka3an qBYXIOJYNEPHOAHBIN BHIIPAMUTENb, UMEIOMINNA TIPU JTI000M
3HaKe BXOJHOTO CUTHaja OJIM3KOoe K HyJI0 BeIXoJHOEe conpotuBieHue. Ilpu Uz <0 amon
VD1 otkpsiT, auoa VD2 3akpeIT U BBIXOIHOE HaIpsbKEHUE (OPMHUPYETCS B pe3ybTare
YCHJICHHS] WHBEPTUPYIOIUM ycuiauTeneM Ha ocHOBe DA3 HampsikeHHs, MOCTYIAIOIIETO C
BbIX0/1a oBTOpUTENsS Ha OcHOBE DA2. R15 = Ri6, moaTOMy Uy iy = - Upy.

[Ipu Ugzy > 0 curnan mpoxoaut Ha BbIXOJ uepe3 ycunurens DA2, auon VD2,
yeunutens DA3, a oOpaTHas cBsI3b 3aMbIKaeTcs uyepe3 pe3uctopsl Ris u Rig u oOmmii

KO3 PUIMEHT Tiepeaauu paBeH eaunuiie. B pesynbrate Uy = | Ugy |-

Pt Vo pA2 V VD1 DA3
R14 DA2 _‘I)_ D
VD2
o+ | | ] 5 >
- VD2 [1 Y
BBIX
UBX Rg UBHX UBX Rg 17
o—+ 0
o- 0 1
a) 1L 0)

Puc. 13. OgHomnonyneproIHbIi (a) | JBYXIOIYTIEPHOAHBIH (0) 1eTEKTOPHI
CPEIHEBBIIPIMICHHBIX HAIIPSHKCHHIMA
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2.8.2. TluxoBble JeTeKTOpbl. [IpeoOpasoBaTenu HIEKTPUUECKUX CHUTHAJOB,
BBIXOJIHOE HAINpPSHKEHWE KOTOPBIX PABHO MAaKCHMaJbHOMY 3HAUYEHHIO MOJIYJS BXOJHOTO
CUTHAJa, HAa3bIBAIOT MMKOBBIMH WJIH aMIUIUTYIHBIMH J€TEKTOPAMHU.

PaznuyaroT muKoBBIE AETEKTOPHI C OTKPBITBHIM M 3aKPBITHIM BXOAaMu. B perekropax ¢
OTKPBITBIM ~ BXOJIOM BBIXOJHOW CHTH&JI NPONOPIHOHAIEH CyMME MOCTOSIHHOH W
MaKCUMAQJIIBHOTO 3HAYEHHUS TIEPEMEHHOW COCTABJISIOMIMX BXOJHOTO HampspkeHus. B
JETEKTOPax C 3aKPBITHIM BXOJIOM BBIXOJIHOW CHTHAJI MPOTIOPLHUOHAIIEH TOJIBKO MEPEMEHHON
COCTaBJISIOIIECH BXOJHOTO CUTHAIA.

[Tpu GOABIINX BXOTHBIX HANMPSDKEHUSX CXEMbI MUKOBBIX JETEKTOPOB BBIMTOJIHSIOT HA

MAaCCUBHBIX dlieMeHTax, npu 3ToM Uy >> Uygp, Tie Uygp - TIOPOroBoe HanpshkeHue, mpu
KOTOPOM OTKPBIBAETCS AUOJ.

[TycTth Ha BXOJ NHKOBOTO JETEKTOpa C OTKPHITHIM BXojaoMm (puc. 14, a) momaHO
BXOoJHOe HampsbkeHue Ugy, MMerolnee moctosHHyo coctapisonyo Uy (puc. 14, 6). [pu
NEPBOM IMOJIOKUTENBHON noayBoaHe nuoa VD otkpsiBaercsa u koHzaeHcaTop C 3apspkaercs
no HampsikeHus U. = Upy + Uy Kak Tonbko HampspkeHue, MPUIOKEHHOE K AHOLY,
CTAaHOBHUTCSI MEHBIIIE IMOPOrOBOrO, TUOJ 3allMPAETCSl U HAaYMHAETCS pa3ps] KOHJEHcaTopa

4yepe3 CONPOTUBIIEHUE HArpy3ku Ry.

VD
R.
B
UBX T UBLIX
a) 6) — "

Puc. 14. TIuKoBBII IETEKTOP C OTKPBITHIM BXOJOM (a) 1 quarpamma HanpsbkeHui (0)

Jlis  HOpManmbHOW pabOThI  JE€TEKTOpa HEOOXOMUMBI Majoe CONPOTUBIICHUE
HMCTOYHMKA CUTHAJIa U OOJBbHOE CONPOTUBIICHUE HArPY3KH, MPUTOM JIOJKHBI BBITOTHATHCS

ycnoBust T,<<T,=RyCu 7T,>>T, e T4 T - COOTBETCTBEHHO MOCTOSIHHBIC BPEMEHH
3apsga U paspsaa KoHaeHcatopa, T - JIUTENBHOCTh TMEpHoJa BXOAHOro curHana. [lpu
CJICTYIOIIEH TOJIOKUTEITLHOM TOTyBOJIHE BXOAHOTO HAMPSHKEHUS TUOJ CHOBA OTKPOETCS Ha
KOPOTKHI MPOMEKYTOK BPEMEHH U MOA3APSIIUT KOHICHCATOP.

VY NUKOBBIE JETEKTOPHI C TMACCUBHBIMU KOMIIOHEHTAMH TIPU MAaJbIX BXOJHBIX
HANPSDKCHUSIX HaOJIIO1aeTCs CYIIIECTBEHHAS HEJIMHEWMHOCTh XapaKTePUCTUKH
npeoOpa3oBaHMS.

B nmuanazone wacror mo 100 k['1f mydmmuMu XxapakTepucTUKaMu 00J1a1al0T MUKOBBIE
JCTEKTOPbl Ha OCHOBE OIEpanuoHHBIX ycwiutened (puc. 15), mpu 3Tom BITUSTHUE
MOpOTOBOTO HampspkeHus auoaa VD2 Ha BBIXOJHON CUTHANT YMEHBIIUTHCS MpuUMepHO B Ky
pa3. Ilpu MONOXKUTENBHON TMOJTYBOJHE BXOJHOTO CHUTHANA JHUOJ CMEIIACTCS B MPSIMOM
HATPABJICHUH, U KOHJCHCATOP 3apsiKaeTCs IO HAIIPSKCHUS

Ugeix = Upxm (1 - 1/ Ky).
[TocrostHHAs BpeMeHHU IIeTH 3apsiaa KoHaeHcaropa T; = Ryyx C /(1 + Ky), e Ryyx -
BBIXOJIHOE conpoTuBiieHne OVY.
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[Ipu nampsoxkenun menpmeM Ugy ,  awmon VD2 3amupaercs, u KoHIEHcCATOp
paspspkaercst oOpaTtHbiIM TokoM auoja. K konupencaropy C HOAKIIOYEH MOBTOPHUTEIND
HanpspkeHust DA3 ¢ G0JbIINM BXOJHBIM COIPOTHUBIICHHWEM, 3TO MOBBIIIAET CTAOMIBHOCTD
coxpaHeHus 3apsina Ha KouzaeHcatope. uon VD1 BBogut orpunarensnyio OC ans
OTPUIATEIIFHON TOJIIPHOCTHA BXOJIHOTO CHTHANA, 10 ATOMy ycmiutens DA2 He monamaer B
OTpaHUYECHUE U, CIEAOBATEIbHO, MOBBIIIAETCS €r0 OBICTPOACHCTBUE.

[TukoBBIE NETEKTOPHI UCIOIB3YIOTCS B UMITYJIbCHBIX BOJIBTMETPAX U B 3JIEKTPOHHBIX
YCTPOUCTBAxX, B KOTOPBIX HCIOJIB3yeTcs WHMOpMamus 00 SKCTPEMATbHBIX 3HAYCHUSIX
CUTHaJa.

R15
| I—
 Rue Ry = 10 kOMm
15 —
VD1 DA3

pA2 . S Rys= 10 KOM
Dliny © R, = 100 kO
0O - L~ l 17 — KOM

R17 UBLIX

UBX Rg CCIJ T
(o J_ o)

Puc. 15. IIuKOBBII IETEKTOP C ONEPALMOHHBIMH YCUIUTEIIMU
3. KOHTPOJIbHbIE BOIMPOCHI

. KakoBwl HazHauenue u ocobennoctu OY ?
. U3 kakux xackazoB coctout cxema ycunutens K140V /16 ?
. Kax onpenenuts HanpspkeHHe CMEIEHUs HY IS ?
. HazoBuTe BX0mHBIE U BBIXO/IHBIE TapamMeTpsl OV ?
. U306pazute AUX pasoMkayTo OY ¢ BHyTpEeHHEH KOPPEKIHUEH.
. Kakue obGparnbie cBs3u npumenstotr B OV ? .
. Yro Takoe MacmTaOHbIe yCUITUTENH ?
. Kak onpenenutps ko3 PuMeHT ycuaeHUs M0 HAMPSHKCHUIO WHBEPTUPYIOIIETO U
HEWHBEPTUPYIOIIETO YCUIIUTENEH ?
9. Yemy paBHO BXOJHOE CONPOTHBICHUE UHBEPTUPYIOIIETO YCUIIUTENS U TTOUEMY ?
10. Kakwue nernu oOpaTHO# CBS3M HEOOXOAMMO UCIONIb30BaTh B OV, 4TOOBI OTYy4UTh
WHBEPTOP U IOBTOPUTEIND ?
11. Kak u3mensitorcst xapakrepuctuku OY npu BBEIEHUU OTPUIIATEIHLHON 00paTHON
CBSI3H ?
12. Yemy paBHO BBIXOJHO€ HANPSsDKCHHE BBIYMTATENS, €CJIM HAa 00a BXOJa MOJAaHO
OJIMHAKOBOE HAMPSIKEHUE ?
13. [Inst uero Hy>KHBI IIeNTH OATAHCUPOBKHU M KOPPEKIIUU ?
14. Tlosicaute paboty OV B pexxume npeoOpa3oBaTelis HAMPSKEHHE - TOK.
15. B uem nmpenmytmiecTBa (ha30caBUTAIONINX yCTPocTB HA OV ?
16. Kak onpenenuth OTHOCUTENBHYIO IOTPEIIHOCTh HHTErpupoBanust RC -mieru ?
17. N3obpazute AUX u ®UX unTerparopa.
18. OOBsicHUTE pabOTy ABYXIMOIYIEPUOTHOTO BBHITIPSIMUTEIIS.

O~NO O1ThWNPE
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4. MMIPOrPAMMA PABOTHI

4.1. OnpenenuTb OCHOBHBIE BXOJHBIE IIApaMETPhl ONEPALUOHHOIO YCHIIUTEINS:
HaNPSDHKCHUE CMEIICHUS HyJIsl M BXOJHBIE TOKH.

4.2. Onpenenutsd BeIXoAHOE conpoTuBieHue OY.

4.3. UccnenoBare xapakTepucTuku mnepenaun OY: Kod(h(UIMEHT yCHIICHUS O
HANPSDKEHUIO, CKOPOCTb HApaCTaHHs BBIXOJHOTO HAIMPSDKEHUS, aMIUIUTYAHO-YAaCTOTHYIO

XapaKTEPUCTHUKY.
4.4. VccnenoBarb MHBEPTUPYIOLIMN W HEMHBEPTUPYIOIIUNA YCHUIIMTENIH, CyMMaTOp
HANpsOKCHHWH,  BBIYUTAIONIEE YCTpoiicTBO. PaccumrtaTh KOI((UIMEHTHl YCHICHUS H

CPaBHUTb C MOJYYEHHBIMHU JAHHBIMH.
4.5. U3yunth npeoOpa3oBaTeNN HANPSKEHUE-TOK U (pa30CABUTAIOIINE YCTPOUCTBA.
4.6. VccnenoBaTth MHTETPATOPBl M ACTEKTOPHI AJIEKTPHUECKUX CUTHAJIOB HA OCHOBE
OIEPALlMOHHBIX YCUJIMTENEH.

5. OBBEKT NICCNEOOBAHWMI 1 CPEACTBA M3MEPEHNN

OmnepaioHHbIe YCUIIUTEIN U CXEMBI, BHIIIOJHEHHBIEC HA UX OCHOBE, PACIIONIOKEHbI Ha
Makere. [TuTanue ONEpPalMOHHBIX YCHIUTENEH OCYIIECTBISETCS OT HCTOYHHKA
HanpspkeHus “‘Cypa”. ITlogkiarodeHue OTIEIbHBIX 3JIEMEHTOB OCYLIECTBIISETCS C OMOULIBIO
nepeMbluek. B kadecTBe HMCTOYHMKA CHTHAla HMCIOJIB3YIOTCS TEHEpaTop CHUTHAJIOB
Hu3koyactoTHeli  ['3-109 u reneparop umnynsco ['5-54. Kpome Toro, B mabopatopHoii
paboTe HCMONb3yeTcsl ANEeKTPOHHO-MyueBo ocummiorpad C1-55, yHHMBepcanbHBIHA
BosibT™MeTp B7-35 m mukxpoammnepmerp M2001.

O06o03HaueHne HIEMEHTOB Ha MaKeTe COBMAAAeT ¢ 0003HAUEHUEM JIEMEHTOB CXEM Ha
pHCyHKax paszzena 2.

6. METOONYECKUE YKASAHWSA K BbIMONHEHNIO NABOPATOPHOW PABOTHI

BHUMAHHME ! COopky cxeM Ha ONEpalMOHHBIX YCHIUTENSX MPOBOIUTH NpPHU
BBIKJIFOYEHHOM HCTOYHHKE MUTaHus +/- 12 B.
6.1. OnpenesieHue BXoAHbIX NapameTpoB QY.

Hampsokenne cmerenust Ugy, U BXOJHBIC TOKH ONPEIEISIOTCS ISl ONMEPAIIHOHHOTO
yewurenss DAL, Cxema miis ompeneneHusl dTHUX MMapaMeTpoB M300pakeHa Ha puc. 3, a.
[Tpouenypa m3mepenuss moApoOHO u3nokeHa B myHkTe 2.1. Bmecto wmoueir S1 u S2
HCIIOJIB3YIOTCSI IEPEMBIUKH CO CHEIMAIbHBIMU 3axkuMamu. R = 10 kOwm.

6.2. OnpenejieHue XapaKTePUCTHK MepeIayu.

Kosddunment  ycunenwss 1O  HampsHKEHUIO W aMIUTATYIHO-9aCTOTHYIO
XapaKTePUCTUKY OIMPEACIISIOT 10 cxeMe puc. 3, 6 B ruanazone 9actoT ot 20 'y mo 1 k[

[Monxmrounts renepatop ['3-109 u ycranoButs Egzy = 100 MB. C yuetom nenurens

HanpspDkeHre Ha Bxoje omeparuoHHoro ycwnutelss Upx = EpxRip / (Rin + Rg). Epx m
BBIXOJHOE HampspKeHUs u3MepsaATh 1udpoBsiM mpudopom B7-35. Ilpu wu3mepenun

HanpspkeHust Upy iy TUTSI YMEHBIIICHUS TIOMEX OT ceteBoro HanpspkeHus (50 ') oqHOM pyKoit
HEOOXOIMMO KOCHYThCS o0O0mIe Touku cxembl. KoaddummeHt ycuiaeHus BbIpaxkaTh B

nerubenax (nb) Ky = 20 19 (Upyx / Upx). Ilpu castun AYX HeoOXOAMMO CICAWMTH 3a
MCK)KEHUSIMHU BBIXOHOTO HAMPSHKEHHUSI, MOAKITIOUHB K Bbixoay OV ocummtorpad C1-55.
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Jlns ompeneneHuss CKOPOCTH HapacTaHUs BBIXOJHOIO HampsiKeHUs Vpx Ha BXOJ
noBroputess Hanpsokenus (puc. 4) ¢ reneparopa ['5-54 moaath UMIYJILCHI TOJIOKUTEIBLHOM
MOJIAPHOCTH aMIuuTynoi 7,5 B, mmurensHocThI0 50 MKC U "actoToi moBTopenus 10 kI,
JMTensHOCTh (PPOHTA M AMIUIATYAY BBIXOJAHBIX HMITYJILCOB H3MEPSITH OCIUILIOTpadoMm.

6.3. BbixonHoe compotuBjieHMe onpenensercs ans ycwmrenss DA2, ucmonbiys

cxemy puc. 3, 6. Bxognoe Hanpspkenue Egy = 50 MB wactoroit 20 ' mogaeTcs ¢ Beixoga 1
redepatopa [3-109 ma Bxom gemurens Ry, Rip;. Bwixomnoe comporuBnenue Rppx

paccuntath 1o QGopmyie, npuseneHHoi B pazgene 2.2.3. Comporusienne Ry = 2,4 kOm
NOJKIIIOUaTh nepeMblukoid. Ilpu m3mepeHun BbIXOAHBIX HamnpskeHud OY HeoOxoaumo
CIICZINTD 332 NCKAKCHUSMHU BBIXOJHOTO HampspkeHus ocimunorpagom C1-55.

6.4. UccienoBanue MacluTa0HbIX YCUJIMTEJICH.

Yeunurenu cobuparorcs Ha Mukpocxeme DAL, Jlj11 HEMHBEPTUPYIOLIETO yCHIIUTENS
(puc. 6, a) ompexaenseTcs MaKCUMalbHOE BBIXOAHOE HampspkeHUE Uppx max , U 3TOTO C
reneparopa ['3-109 Ha BX0j ycuauTens NoJaeTcss CHHYCOUIATbHOE HAIPSKEHUE YacTOTOU
500 I'm. [ImaBHO W3MEHsIST aMIUIUTYy BXOJHOTO HANPSKEHHS, CIEISIT 32 HWCKaKCHHSIMU
(GopMBI BBIXOJHOTO HANpPsDKEHUS MO 3KpaHy ocuwmiorpadpa C1-55, moakmodeHHOTo K
BBIXOJly YCHJUTENS. AMIUIMTY/Ia MaKCHMAaJIbHOTO HEHCKXCHHOTO HANpsKEHHUS pPaBHA
MaKCHMaJIbHOMY BBIXOJTHOMY HaIpspKEHUIO Uppix max -

AMIUIUTYTHO-9aCTOTHAs XapaKTEpPUCTUKAa CHUMAETCS JJs JBYX, MPEABAPUTEIHHO
paccunTaHHbIX, K03(pduimenToB ycmienus B nuamnazoHe dactorT oT 20 I'm mo 200 xI'm.
Koaddunuent ycusienus BoipaxkaTh B neruoenax (nb)

Ky =20 19 (Uggix / Ugy)-

BxoaHOoe cONMpoTHBICHHE HEMHBEPTUPYIOLIETO YCHWINTENS Rpx oc ONMpenenuTs Ha

gactote 1 k't mo ¢popmyie
Rexoc= Rig Upuix 2 /(UBLIXl - UBLIXZ)a

rne Uppx 1 - BBIXOJHOE HANpsOKEHHE YCHIIMTEINS MPH IM0jade BXOIHOTO HAIpPSKEHUS
HETMOCPEJICTBEHHO Ha BXOJ ycuiutess, a Upyx 2 - IPH M0/1a4ue HAMPSHKEHUS Yepe3 pe3ucTop
Rig = 100 kOm. B ycunurene ucnons3oBath Rsu Ry, Ugpx; = 1B.

CpaBHHUTH TONy4eHHOE 3HAYeHHE Rpx oc € MACMOPTHBIM 3HAYCHHEM BXOIHOTO

conpotuBiieHus Rgy =2 MOwm.

N
ps.
ﬁ\ BBIX 13 ¢ = e ﬁ
0 T 27 ! !

<—>

U

/
UBX

Puc. 16. Bpemennsle nuarpamMmbl HAPSHKEHAN IPU onIpeieTieHnH (Pa30BOT0 CABUTA

Jns mHBepTHpylomero ycwmmtens (puc. 6, 6) mns 3amaHHbix R; m R, paccunrath
kodpdunuent ycunenuss Ku. DxcnepumenTansHo onpenenuts kodpounuent Ku u dasy
BBIXOJIHOTO HanpspKeHUs! Uy x OTHOCUTENBHO BXOAHOTO HanpsikeHus: Ugy = 1B vactoroii 1
kl'n. @a3a BBIXOJHOIO  HANpPSIKEHUS  OTHOCUTENIIBHO  BXOJHOIO  OIpeAeisercs
ocumuiorpadom C1-55, nnst aToro BxomHo# curaan nogaercst Ha Bxoa “Y1”, a BBIXOTHOM -
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Ha Bxox “Y2” ocmwmiorpada. Yron (asoBOro cuBura (p ONpenessercs U3 BBIPaXKeHHS,
MPUBEIECHHOTO Ha puc. 16.

CobOpaTh cymMMarTop Mo cxeMme, NMpUBEIEHHOW Ha puc. 8, a. B kauecTBe BXOIHBIX
HAMPsDKCHW WCIONIb30BaTh MajeHusi HampspkeHus Ha nuomax VD3 m VD4. CoenuHUTH
NepeMbIYKaMU BXOJbl CyMMAaTOpa C aHOJAaMHU JIUOJOB. V3MepUTh BXOJHBIE U BBIXOJHOE
HampspDKeHUst cymmartopa. PaccuuTaTh BBIXOJHOE HANpPsDKEHHME IS JIaHHBIX 3HAYECHMM
PE3UCTOPOB M CPABHUTH IOJIYYCHHOE 3HAYEHHWE C HW3MEPEHHBIM BOJbTMEeTpoM B7-35.
OnpeneauTs OTHOCUTENBHYIO TOTPEIIHOCT CYMMHUPOBAHUS HANIPSKEHUI.

CoOpatp BBIYHTAIONIEE YCTPOMCTBO MO CXeMe, IpuBeAeHHON Ha puc. 8, 6. [lomate
Ha Bxonbl 1 u 2 Hanpsikenue ¢ nuoaoB VD3 u VDA4. M3MepuTh BBIXOIHOE HANPSIKEHUE U
CpaBHUTH C pacueTHbIM. Ha 00a BXoja mojgaTh OAHO W TOXKE HANpsKEHUE, HU3MEPUTH
BXOJIHOE M BBIXOJHOE HamnpsokeHusd. OnpenennTbs OTHOCUTENbHYIO IOIPEUIHOCTH
BBIYUTAIOLErO YCTPOMUCTBA.

6.5. HccaenoBanue mnpeodpasoBaTesisi Hanpsokenue - Tok. CoOparp Ha
onepaunoHHoM ycunurene DAL cxemy npeoOpaszoBarens, u3o0paxeHHyio Ha puc. 9, 6. B
KauecTBE BXOJHOTO HANpsKEHUs MCIIONb30BaTh IaJeHUE HampsbkeHus Ha auone VD4,
Paccumnrars BBIXOJHON TOK (TOK Harpy3ku) mo (opmyiie, MPUBEIACHHOW B MOAIYHKTE 2.5.
(R2 = R; = 10 xOm;. Rs = Rg = 1,6 kOm). CHATh 3aBUCHMOCTh TOKa OT COMPOTHBIICHUS

Harpy3ku Ry. Tox uzmepsars npubopom B7-35. Ry mensts auckpetHo ot 0 10 2,4 kOwm.

6.6. ®a3ocaBuramue ycrpoiicra. Paccuntars U onpeieauTh 3KCIEPUMEHTATBHO
K03 puIHMeHT nepeaaund u yroia (asosoro casura nudpdepenuupyromeir RC - nenum ms
gactotel f = 1 x T'm (R = 10 kxOm, C = 0,05 mx®). V3mepeHuss npoBOAWTH IPH
BKJIIOYCHHOM HWCTOYHHMKE NHUTaHMsA. B KkadecTBe MCTOYHMKAa CHUTHajJa MCIOIb30BATh
rereparop ['3-109. CpaBHUTH TOTy4YCHHBIE NAaHHBIE C PACCUYMTAHHBIMU 3HA4YeHUsAMU. Jyis
4acTOThl BXOAHOro curHaga 1 k[’ cHATH 3aBUCHMOCTH aMIUTUTYIbI U (Da3bl BBIXOJHOTO
HanpsDKeHHst 0T conpoTuBieHus R mpu ero uamenennu ot 150 Om 1o 10 kOwm.

CoOpatb (azocauraroiiee ycTpoicTBo Ha onepanuoHHoM ycunutene DAL (puc. 10,
0). Hdns gactorel BxomHoro curHama 1 k[’ CHATH 3aBHCHMOCTH aMIUTUTYABI U (hasbl
BBIXOJJHOTO HAIIPSDKEHHS OT CONMPOTHBICHUS R, 3HaUEHHS KOTOPOTO MEHSTh TUCKpeTHO (5 -

7 ToueK, UCTIONB3ys pe3ucTopbl Ry, Ry, Rg).
6.7. Wurerpupywommue ycrpoiicrBa. I[lomate c reHeparopa ['5-54 Ha
unterpupyromyo  RC-mens  (puc.11l,a) npsAMOYrojbHBIE HMMITYJbChI  HANPSHKCHUS

amumtyaoi 4 B, mmutenbHOCTRIO mMMyIbea t,; = 1 mc, u nepuonom nosropenus T =100
Mc. B akcniepumenTte ucnoisib3oBath eMeHThl R3 = 10 kOMm, C = 0,05 mx®. 3apucoBath
OCIIJIJIOTPAMMBbl BXOJHOTO ¥ BBIXOJHOTO HANpPSDKEHUU. PaccuMtaTth OTHOCHUTEIBHYIO
MOTPEIIHOCTh UHTETPUPOBAHHUS.

CobOpats Ha omeparmonHoM ycwiurene DAZ2 wuHTErpatop, cxema KOTOPOTO
npuBegena Ha puc 12, a. Tlomate ¢ reneparopa ['5-54 npsMOyroiibHbIE WMITYJIBCHI C
napaMeTpamu, TMpUBEAEeHHbIMH BbIlme. CHATH BpPEMEHHBIC JUAarpaMMbl BXOJIHOTO U
BBIXOJHOT'O HAMPSDKCHHUI U CPABHUTH WX C TUarpammamu Juist maccuBHor RC - menw.

[Tomate Ha BXOn mHTerparopa ¢ reneparopa I'3 - 109 nanpsoxkenue 0,5B. CHsTh
aAMIUTHTYHO-9aCTOTHYIO XapaKTepUCTUKy uHTerparopa. Ompeaenuts (azy Ugyx  mOpu
yacToTe BXoxHoro curnaina 1 xI'm.

6.8. JleTeKTOpBI JIEKTPHYECKUX CUTHAJIOB.

Jns  ogHOMOTYNEPUOJHOTO U JABYXIOIYNEPUOJHOTO  JETEKTOPOB  CpEeHE-
BBINPSMIICHHBIX HampspkeHudd (puc. 13) cHATh BpeMeHHbIe auarpaMMbl Upx u Uppx Tipu
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amumatyae BxomHoro HampspkeHus 1,0 B wacroroit 200 I'm. M3mepenuss mpoBoauTh
ocumiiorpagom.

6.8.1. Ha ocHOBe HNBYXIOJIyEepHOTHOTO AeTeKTopa U Mukpoammepmerpa M2001 c
npenenom m3Mmepenuss 200 MKA paccuMTaTh BOJIBTMETP JCHCTBYIOLIETO 3HAYCHUS C
npeaenom mmepennss 1 B (Puc. 17). CoOpaTh BOJIBTMETP U CPaBHHTH €T0 IMOKA3aHHS C
nokazaHusMu nugposoro mpudopa B7-35. Onpenenuts NOrpenIHOCTs H3MEPEHUSI.

JloGaBOYHBII pe3ucTop Ry
R, paccuuThIBaeTCs 1Mo hopmyIie
O—— JHerekTop U
R RL[:RI/IM —— 1|, e
U, M2001 ke Ug,
Ruym - COIPOTHBICHHE H3MEPUTEIHLHOTO
© . mexanm3zma M2001; U - peiicTByromee 3Ha4YCHUE

Puc. 17. Cxema BOIbTMETDA U3MEPSEMOT0 HAaIpsDKeHHS; Ki - KOA(UIHEHT

dopmer; Uep = In Ry - HOMEHANIBHOE cpenHee
3HAYEHUE HANPSKEHUs HAa U3MEPUTENbHOM npubope npu ly - HOMMHAIBHOM CPEHEM TOKE
yepe3 mpudop.
6.8.2. Cobpatb nuxoswiti demexmop, n300paxeHHblil Ha puc. 15. CHATh 3aBUCUMOCTH
Upuix = f (Upx) mpu m3MEHEHMH aMIUTATYIBI BXOJHOTO CHHYCOHIABHOTO HarpsokeHus ot O
10 5 B gacroroit 1 k', BxogHoe 1 BRIXOHOE HANIPSDKEHUS H3MEPSITH BOJIbTMeTpoM B7-35
1 HabmoaTh ocuuiuiorpadom.
Ilomate Ha BXOA AeTekTOpa ¢ reHeparopa [95-54 npsAMOYrojibHbIE HMITYJIBCHI

MOJIOKUTENBHOM TMOJSPHOCTH aMIuuTynod 2 B wu pourensHOCThIO Ty = 1 Mc. CHATb
OCLIMJUIOIPaMMBbI HaPSKEHUH.

Paccuutarh u coOpaTh MMITyJIbCHBI BOJBTMETP HA OCHOBE MUKOBOIO JIETEKTOpa U
mukpoamnepmerpa M2001. DxcriepuMeHTaIbHO ONPENeIUTh €ro Xxapakrepuctuku. [logats
Ha BXOJ| HMMIIYJIbCHOI'O BOJIBTMETPA OJMHOYHBIE HMITYJIbCHl M OOBSCHUTH IOIYYEHHBIE
pE3yJIbTATHI.

7. COOEP>XXAHUE OTHETA

7.1. Ha3Banue u 11emb pabOTHI.

7.2. CxeMbl U1 OTIpeNIeIeHUs TapaMeTpoB U xapakrepucTuk OV, mpuHIUNHaIbHbIC
CXEMBI yCUJIUTENCH, HHTErpaTOpPOB, JETEKTOPOB, (ha30CABUTAIOIINX YCTPOICTB.

7.3. DKCIIepUMEHTAIbHO N3MEPEHHBIE MapaMeTpsl U Xapakrepuctuku OVY.

7.4. T'padpuku aMIIUTYAHO-4ACTOTHBIX U (pa30-4acTOTHBIX XapaKTEPHCTUK
MacIITaOHbBIX yCUITUTENEH.

7.5. PacueT BBIXOJAHBIX HAPSDKEHU CyMMaTopa, BBIYMTAOIIETO YCTPOUCTBA, pacyeT
BBIXOJIHOTO TOKa MPeo0pa30BaTeIsl HAPSHKEHUE - TOK.

7.6. DOKCIEpUMEHTAJIbHO  MOJY4YEHHBIE  XAapAaKTEPUCTUKU  (Pa30CABHTaIOLINX
YCTPOWCTB, MPECTaBIEHHbIE TPA(UIECKH.

7.7. T'paduku aMIIUTYAHO-4ACTOTHBIX U (pa30-4acTOTHBIX XapaKTEPHCTUK
MHTETPUPYIOIINX YCTPOUCTB, OCLUIIOIPAMMBI HAIIPSIKEHU.

7.8. PacueTHble U SKCHIEpUMEHTANIbHBIE JJAHHBIE UCCIIEIOBAHUS JETEKTOPOB.
7.9. AHanu3 noyry4YeHHBIX Pe3ybTaTOB, OCHOBHBIE BHIBOJIBI IO paboTe.
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