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BHCKTPOHH])IG yCTpOﬁCTBa Ha ONICPAUOHHBIX YCUJIUTECIAX

eab padoThl
N3yyenue npuHiuna padoThl ONEPAIMOHHBIX YCHJIMTENIEH W HCCleTOBaHUE
XapaKTEpUCTUK  YCTPOMCTB  HAa WX  OCHOBE:  HMHBEPTUPYIOLIETO U
HEMHBEPTUPYIOLIETO YCHINUTENEH, UHTerpaTopa, AuddepeHnnaropa, CymMmaropa,
TEHEPaTOPOB HAIIPSKEHUS.

Teopernueckue cBeIeHUA

Ha3zna4yeHnue u ycjioBHOe 0003Ha4YeHue OY

Onepayuonnsiii ycunumens (OY) — 370 mManorabapuTHbI (B MHTETPaIbHOM
rcnoJineHuu oteduecTBeHHbIX cepuid K140, K544, K553, KP1040Y 1, KP1435 u nap.
u umnoptHeix cepuit AD8041, OP275, LM339 u np.) MHOrOKacKagHbIA yCH-
JIUTENb MOCTOSHHOIO TOKAa C HEMOCPEACTBEHHBIMHU CBSI3IMH MEXIY KacKajgamu U
00abIINM KO3 (GUIIMEHTOM YCUIICHHUS.

OnepauMOHHBIE ~ YCWJIWTENW  MPEIHA3HAYEHbl  KaK Il YCUJICHHUS
AIEKTPUYECKUX CUTHAJIOB, TAK W JJIsl OCYLIECTBIICHUS PAa3JIMYHBIX ONEpalNil HAJl
CUTHAJIaMU: CJIO’)K€HUE, BBIUMTAHUE, WHTETPUPOBAHUE, JIOTapu(dMHUpPOBAHUE U JIP.
Kpome »TOro, omepanMoOHHBIE  YCWIHTEIA  4YacTO  MCIHOJB3YIOT  IpHU
KOHCTPYUPOBAaHUU KOMITAPATOPOB, T'€HEPATOPOB TapPMOHUYECKUX KOJIEOAaHUU U
CUTHAJIOB Pa3IMYHOU (pOpMBbI, U30MPATENbHBIX YCUIIUTENEH U JPYTUX YCTPOMCTB.
Takue ycunuTenn HUMEIOT CUMMETPUYHBIM AuddepeHInaIbHblii BHICOKOOMHBIN
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BXO/JI, BBICOKUM KOY(PPUIMEHT YCUICHHS, HHI3KOOMHBII (CpaBHUTEIBHO MOIIHBIN)
BBIXO/l U CKOHCTPYMUPOBAHBI TAKMM 00pa30M, YTO K HUM MOTYT OBITh MOJKJIFOUEHbI
pa3InyHble KOPPEKTUPYIOIINE LIETIH U eI 0OPATHOM CBSI3H.

OyHkMoHaNIbHAsE cxeMa tunoBoro OV mpeacraBieHa Ha puc. 1, a, a ero
yClIOBHOE 00o3HadeHue — Ha puc 1, 6. Bxonnoit nuddepennmansubii kackag OV,
OOBIYHO peanu3yeMblii Ha TMOJIEBBIX TPAH3UCTOpaX, OOECIEYMBAET BBICOKOE
BXOJIHO€ COINPOTUBIICHHE. BBIXOAHBIM KacKaJoM SIBISIETCA  JIBYXTaKTHbBIN



YCWINTEIb MOIIHOCTA C HHU3KHM BBIXOJHBIM CONPOTUBIECHUEM (3MUTTEPHBIN
MOBTOPUTENb, pabOTaIONIUNA B pexuMe ycuieHus B wim AB). B HacTosmiee Bpems
OV mpoekTUpyIoT 1o JBYXKACKaIHON CXEME.

OnepallMOHHBIA yCWJIMTEIh HMMEET JBa BXOJa: HWHBepTUpyromuid (M) u
HeuHBepTupywmui (H). VX Ha3BaHuE CBA3aHO C TE€M, YTO B IEPBOM Ciyyae
BBIXO/IHOE HANpPsDKEHUE HAXOAWTCS B MPOTHBO(Aa3e ¢ BXOAHBIM, a BO BTOPOM
cirydae — B (¢asze ¢ BXOAHBIM HampspkeHueM. Jlms murtanus OY  00BIYHO
UCIIOJIB3YIOT JIBa PA3HOMOJSPHBIX HCTOYHWKA mutanus +U, u —U, unum onun
OUMOJNSPHBIA HCTOYHUK, @ €r0 CPEIHIOI TOYKY COCIUHSIOT C OOIIel HIMHOM
(3a3eMJIIOT), OTHOCUTENBHO KOTOpOH u3Mepsitorca Hanpsbkenus +Up, m —U,
paBubie £3B...£15B. /lng nonydyeHus HyX HBIX CBOWCTB K JOIOJHUTEIbHBIM

BBIBOJaM oy IIOAKJIFOYAIOT 3BCHBA O6paTHOI>JI CBJ3H.

XapakrepucTuku 1 napamerpsl QY

be3 oOparabix cBsazer OY He mnpuMmeHserca u3-3a €ro  OOJBIIOTO
kodpdunmenta ycunenust (st uaeanbHoro OY Ky = ) Ry = ) Rgx = 0 1
OECKOHEYHasl TMO0JIOCAa YacTOT YCHJIMBAEMOTO CHUTHaJa), BCJEACTBHE YEro J1axe
HE3HAUUTEJIbHAS ACUMMETPHUS TUIed BXOAHOTO AU(PGEepEHIINATBHOTO YCHIUTENS
WM BeCbMa Majio€ BXOJHOE HAmpsDKEHUE MOTYT NMPUBECTH K HachimieHuio OY
(popmupoBanuto Ha Bbixone OV HampsbkeHus, OJHM3KOrO IO YPOBHIO K
HaIpPsHKEHUIO MMUTAHUS ) M €r0 HECTIOCOOHOCTH 00padaThiBaTh BXOIHBIC CUTHAJIBI.

[TonkmrounB 3BeHO oTpularesbHOM o0paTHOU cBs3u (OOC), cocrosiee u3
JBYX PE3UCTOPOB (nenurens), Hanpumep, Roc ® 200 kOM u Ry = 5 kOM mMexnay
BBIXOJIOM M MHBEPTHUPYIOIIUM BXOJOM U COEAMHUB BX0a H c oOmieit ToOukou, mo-
Jy4uM  UHBEPTUPYIOIIMK  ycwiurenb (puc. 2, a) ¢  (UKCUPOBAHHBIM
K0O((GHUIUEHTOM YCHIICHHS, aMIUTUTYIHAs XapaKTEPUCTHKA KOTOPOTrO Ugyy = f(Ug)
n3o0pakeHa Ha puc. 2, 6, Ha koTopou HampspkeHrne cMemeHuS U., = Ugo/Kyoc
(mpH Ugyy = 0) ecTh mpuBeaeHHBIN K Bxoay OV apeitd Hynst Ugo ipu Uy = 0 oT
BCEX JIECTAOMIM3UPYIOMUX (HaKTOPOB.
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Puc. 2

Cxema HEMHBEPTUPYIOLIETO YCUJIUTENS U €ro aMIUIMTYJIHAsl XapaKTEePUCTUKA
MPEJICTABIICHBI HA PUC. 2, 8, 2.



OcuoBuabiMu nnapametrpamu OV ¢ OOC sBnsitoTest:
e ko3 durueHT yeriueHus HanpsokeHUS Ky o = AUgyy AUgy, THE AUg — PA3HOCTD

MOTCHIINAJIOB MEXIy BXOJHBIMH BBIBOJIAMH, W HE 3aBUCUT OT Kod(dduimeHra
yeusnenus: camoro OV (Ky = 10°...10°). Jina uaseptupyromero OV ¢ OOC Ky,
PHOJIFKEHHO OIPEACIIASTCS OTHOIICHHEM CONPOTHBIICHUH PEe3UCTOPOB Ry U R
3eHa OOC 1o HanpspkeHwuro, T. €. Ky~ —Rod/R.

KoabduimenT ycuacHUS HEHHBEPTHPYIOIIEro YCHWIHTEIs (CM. puc. 2, 6)

Kuoc ®Roc /Ry +1.

MaxkcumalibHOE 3HAYCHHE HANPSHKCHUS, P KOTOPOM HEJIMHEHHBIC NCKAKCHUS
nperebpexnTenbHO Mabl, U g,y max = KyUg = (0,8..0,9)U,, T. e. MeHbIIIE

Hanpsbkenus nutanus U, Ha 0,5 ...3 B B 3aBucuMocTH OT ypoBHA U,;

® BXOJIHO€ COMPOTHUBIICHUE JIJI1 PA3HOCTHOIO CUTHAaNa MexXay Bxojgamu OV Ha
HU3KOH gacToTe Ry ~ 10%...107 Om;

® BEIXOJIHOE compoTHBiIeHUE Ry, < 100 Om;

e BXOJHOE HampspkeHue cmerieHus Hynas Ug, (eIUMHUIBI MUJITABOJBT) —
nuddepeHnranbHOe HaNpsHKEHUE, KOTOPOE HYXKHO MPUIIOKHUTH MEXY BXOJaMHU
OV, 4T00BI €ro BBHIXOJHOE HAIPSHKCHHE B OTCYTCTBHE BXOJHBIX CHUTHAJIOB CTAaJIO
pPaBHO HYJIIO;

e yactora cpe3sa f,, coorBercTBytOMIast criany AUX OV Ha 3 1b;

® JacTOTa CAMHUYHOTO ycuiieHHs fi (JIOCTUraeT CoOTeH Merarepir), T. €. 4acToTa,
npu kotopoit Ky = 1;

® CKOPOCTb HapacTaHWs BBIXOAHOTO HampsbkeHus (V =~ 1...100 B/mkc) mpwu
nmojave CTYNEHYATOTO HANpsDKEHUS Ha BXOJ M KOPOTKOM 3aMBbIKaHHMH BBIXOJIa Ha
VHBEPTUPYIOIIUN BXO;

® BpEMsI YCTAHOBJIEHUS BBIXOAHOTO HanpspkeHus (ty., = 0,05...2 mxc) ot 0,1 no
0,9 cBOEro yCTaHOBUBIIETOCS 3HAYCHMUSI.

OnnuM u3 BaxHBIX J0CTOMHCTB OV sBisiercss monaamieHue (ociablieHue)
cuH(pa3HOTO CUTHANA Ug.cp = (Ugi + Ug2)/2, COOTBETCTBYIOIIETO PABHBIM IIO
3HAUYCHUIO W OJWHAKOBHIM IO 3HAKY HAMPsHKEHUSM, TMPHUJIOKEHHBIM K 000uM
BxoaaM. Koaddurnmerrom ocnabiaeHus cuH(pa3sHOro CUrHana

Koc_cd, = ZOIQ(Ku.oc/chb) =60...120 b,
rae Kuoc — KOOQQUIUEHT YCWICHUS HANpsHKEHUS Ugy.cp, TTPUIOKEHHOTO MEXITY
BXOJHBIMU BbIBOJaMU OV, T. €. pa3HOCTHOTO HANPSKEHUSA AU = Ugy1 — Ugro; Ko =
Ussix-cgpUsx-cp — KOOPPHUIUCHT YCUITCHUSI HAPSIKCHUS Ugy.cp, TPUIIOKEHHOTO MEXKITY
obmei muHOM M KaxapM BxoxoM OVY. Uem Oomnbiie Kyccp, TEM MEHBIIYIO
Pa3HOCTh BXOJHBIX CHTHAJIOB CMOXeT pa3auuuth OY Ha ¢oHe OO0JIbIIOro
cuH(pa3HOTO HAMPSHKEHUS.



dopMupoBaHue HanpspKeHUs Ha Bbixoe OY B OTCYTCTBHE BXOHBIX CUTHAJIOB
(opetigh nynst) 00yCAOBIECHO HEMOTHON MICHTUYHOCTHIO HAMPSHKEHUH SMHUTTEPHBIX
NEPEeXOJI0B  TPAaH3UCTOPOB  BXOAHOTO  IU(MdEpeHINATEHOTO  YCHIIMTEI,
U3MCHEHHEM TeMIIepaTyphl OKpYXAloIel cpeapl, MapaMeTpoB HCTOYHUKOB
MUTaHUs, CTAPCHUEM aKTHBHBIX DJICMEHTOB CXEMbl M T. 1. BBeleHHEM BHENIHHX
nerned  koppekuuu  (O0aTaHCHPOBKH),  MOAKIIOYAEMBIX K  CIICIHAIBHO
MPEAYCMOTPEHHBIM 11 3TOW T1emu BhiBojgaM OV, MOXXHO KOMIIGHCHPOBATh
MOTPENTHOCTH, OOYCJIOBJICHHBIE JCHCTBHEM BCEX IIEPEUYMCIICHHBIX  BBIIIE
JeCTaOMIM3UPYIONTNX (PAKTOPOB, MPUBOIAIINX K Aperdy HyIIs.

DOYyHKIMOHAJbHBIE y3JbI HA 0CHOBe OY

Ha ocnoBe OV cTposiT PyHKIIMOHAJIBHBIE Y3JIbl JJIs1 BBIMOJHEHUS PA3TUYHBIX
MaTeMaTU4eCcKux onepanuii (puc. 3): nosmopumenv (a), BBIXOJHOW CHUTHAI
KOTOPOT'O TMPAKTHYECKH PaBEH BXOJHOMY, urmezpamop (0), BBIXOJHOW CHUTHA
KOTOPOT0 MPONOPLUUOHATIEH MHTErpajly MO BPEMEHU OT €ro BXOJHOIO CHUTHANA,
oughgpepenyuamop  (6), BBIXOJHOM CHUTHAJ  KOTOPOTO  IMPOIOPIIMOHAICH
NPOM3BOJHOW OT €ro BXOJIHOTO CHUTHAaNa, uzbupamenvuviii ycuiumeisb (2),
YCUJIMBAIOIIMNA BXOJHOW CHTHAI B Y3KOW TOJOCe dYacToT, cymmamop (0),
BBIXOJTHOE HAIpPSHKEHUE KOTOPOTO PaBHO HWHBEPTUPOBAHHOW CYMME BXOJHBIX
HaNpsHKEHUU, U Ap.

[TapameTpbl KOMIIOHEHTOB CXEMbl ONPEACISIIOT M3 YCIOBHUS IOJTYYEHHS
MIPUEMJIEMOM TOYHOCTH BBINIOJHEHUs onepauuid. Hampumep, st yMeHbIIEHUS
OIMMOKA WHTETPUPOBAHUS W BIMSHHS BXOJHOTO TOKA M HAMPSOKCHUS] CMEIICHUS
napaienbHo KoHAeHcaTtopy C wuHTerparopa (cM. puc. 3, 6) TOAKIIOYAIOT
PE3UCTOP, CONMPOTUBIICHUE KOTOPOTO 3HAYUTEIILHO OOJIBIIIE COMMPOTUBIICHHS Rj.
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C Toit e 1enbto B guddepeHuuarope nociaegoBaTeabHO ¢ KoHaeHcaTtopom C
(cM. puc. 3, 8) BKIIOYAIOT pe3uctop. Kpome Toro, mpu MoaennpoBaHny MPOIECCOB
UHTErpUpOBaHusl M JU(PepeHIrpOBaHNS BXOJHBIX CUTHAIOB (MMITYJIBCOB),
ucxons u3 cBoictB OY U CKOPOCTH U3MEHEHUS BXOJIHBIX UMITYJIbCOB, OMPEAEISIOT
JOMYCTUMYI0 MAKCUMAaJIbHYIO JUIMTEIBHOCTh BXOJHOTIO CUTHAJA JJIsl MHTErpaTopa
¥ MUHUMAaJbHYIO 11 quddepennuaropa.

Juamna3oH WHTETPUPOBAHUSI PEAJTBHOTO MHTErpaTopa OTPAHUYEH CHU3Y
4acTOTOW curHana @, = 1/RC(K, + 1), a cBepxy yacroroir @, = (Ky + 1)/, THE
oy — TNocTosHHass BpemeHu OVY, a [I0nycTHMOE MaKCUMalbHOE BpeMs
uHTerpupoBaus {,max << 7 = RC. Ilpm 3TOM B HWHTErpatope IOJDKHBI OBITH
BBEJICHbl  BHEIIHHE IIETIH MPUHYIUTEIBHOTO €r0 OOHYJICHHMs], TaK KaK BBIXOJIHOE

HAIIPsKCHUEC MHTCTPAaTOpa paBHO

t

Ugex = Ugr 0 +Cij.icdt = U0 —C— ?dt,

oc oc g ™
rae Ugo — 3HaUeHHE HANpsOHKEHUS Ha 3aKMMaX KOHAEHCATOpa B MOMEHT Hayalia
HOBOW BOJIHBI HIHTETPUPOBAHUS IEPUOINIECKOTO CUTHAIIA.

Ha npakTuke npu MHTErpUPOBAHMM BHIOMPAIOT MOCTOSHHYIO BPEMEHHU 3BEHA
obpatHoii cBsi3u 7= RC, no kpaitneir mepe, B 10...100 pa3 Gombliie IIUTETLHOCTH
BXOJIHOTO cuTHana, a npu auddepenumpoBanuu e€ BouiOupator B 10...100 pa3
MEHbIIIE JUIUTEILHOCTH HapacTaHus (poOHTa BXOAHOTO CHTHajla H, TeM OoJee,
CYILIECTBEHHO MEHBIIIE €r0 JUIUTEIbHOCTH.



I'eneparopsl Ha ocHOBe OY

Mynomueubpamop — penakCallMOHHBIM TeHepaTop, MPEJACTaBISIONIUNA COOOM
JIBYX3JIEMEHTHBIN YCUIIUTEIh ¢ EMKOCTHOM CBSI3bI0, BBIXOJ KOTOPOTO COEIUHEH C
BX0JIOM, (hOpMUPYS, TEM CaMbiM, 3aMKHYTYIO II€Tb MOJIOXKUTEIbHOW 00paTHOMN
cBsi3u. PasnmuyaroT nBa BHIAa MYJIBTUBUOPATOPOB: asmokolebamenvbHvle, HE
oOnamaronye  COCTOSHUSMH  YCTOWYMBOTO  paBHOBECHS, U odcoyuue
(omHOBHOpPATOPHI), O0JaNAIONIME OJAHUM COCTOSHUEM YCTOWYHMBOTO PaBHOBECHS,
IpU BBIXOJE M3 KOTOPOTO CHayaia MEepeXoAsT B JIPYyroe KBa3WyCTOMYHMBOE
COCTOSIHME, a 3aTeéM CaMOIIPOM3BOJILHO BO3BPAIllAIOTCA B IEPBOHAYAIBHOE
COCTOSIHUE.

MyabTUBHOpATOP MOXKHO cOOpaTh Ha omepanuoHHOM ycuiutene. B OV
Gmarogaps Gompmiomy kodpduimenty yewinenus (K, = 10° - 10° sexommoe
HANpsUKEHUE TPONOPLUUMOHAIIBHO BXOJAHOMY TOJIBKO MPH OYEHb MAJIbIX BXOJIHBIX
CUTHajax (€OUHUIBI MHJIU- W MHUKpOBOJIbT). Kak oTmeuanoch, Mmpu OOJBIIMX
BXOJIHBIX CHTHAJIaX HANpPSOHKCHUE Ug,e MOXKET MMeTh ABa 3HaueHus U, m Ug,
(puc. 4, a).

BxonHble HanpsKEHUS Ugy, IPU KOTOPBIX PA3HOCTD Ugy — Uoe = 0,

U= &)le:ﬂue_bzx; UZZU;)ZXL:W;)I.X!

Ri+Ry Ri+R>
rae U, — Hanpspbkenue obpatHoit cBssu; S=Ri/(Ri+R2) — xoaddurment

oOpatHoli cBsi3u (puc. 4, 6, 6).
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Puc. 4

B cxeme aBTOKONIEOATEIEHOTO MYIBTUBHUOpaTOpa (puc. 4, 6) BOSHUKAET PEKUM
CaMOBO30YXKIEHUs 3a CUET BTOPOM oOpaTHO cBs3u yepe3 R3C-3BeHO.
[Ipeanonoxum, yto B MOMEHT t1 (puc. 4, 8) HanpsKEHUE Ugy, WU3MEHUIIOCH

ckaukoM ¢ Ug, 10 U,,.. Konnencarop C HauMHAeT Iepe3apsKaTbCs TOKOM,
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poTeKaroluM depe3 pesuctop Rz nmoa neiicteuem U IpUYEM HaIpsKEHUE Ha

KOHACHCATOPEC Uc U3MCHACTCA 110 3KCIIOHCHIHAJIbHOMY 3aKOHY, CTPEMIACH K U;;;DC'

HaHpH)KeHI/Ie Uc €CTh BXOJHOC HAIIPSOKCHHUE Ug HHBCPTHUPYIOIICTO YCHIIMTEILI, U
KOrjga B MOMEHT [ OHO JOCTUTHET 3HAYCHUS Uz, BBIXOIHOC HAIIPSAKCHUC oy

ckaukoM m3MeHuTcs ¢ U, HaU,, . KoHmeHcaTop HaumHaeT nepe3apsKarhbes,

ctpemsich K U, , HO, focTUTHYB 3HaueHust U; k MomeHTy 13, oHO 3acTaBisier OY

MHBEPTHPOBATh BBIXOAHOEC Hanpsokenne Ha Ug,.. Jlamee mnpouecc Oymer

MOBTOPSATHCS.
['eHepaTopbl, OCHOBAaHHBIE Ha PACCMOTPEHHOM TMPHUHIIMUIE, HA3BIBAIOT
penaxkcayuonuvimu. Ilepron konebaHuii TAKOro MyJIbTUBHOpATOpa

T :2R3CIn(1+2R1/R2),

npudeM t,1 = t,o. Takol BuJ KoneOaHUil Ha3bIBAIOT MEAHOPOM.
[enepaTop uMNyJabCcoB TpeyroabHoii ¢opmbl. B cxeme (puc. 5, a) RC-

reHeparopa TpEYroJbHBIX HMIIYJIBCOB BXOIHBIM HAIIPSDKCHUEM U, TPHUITEPA,
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BBITIOJIHEHHOTO Ha OV 1, COyKUT HaNPsDKEHUE Ugy2, TTOTydaeMOE Ha HMHBEPTOPE —
uHTEerparope, coopannom Ha OY2.
[Tosichum paboTy mHTerpartopa. Tok ic, mpoxomsiiuii uyepe3 kouaeHcatop C,

, T Uc = Ugu2, TaK KakK MOTEHIMAT TOuku A (puc 5, a)

. du 2
aBeH Ic =—C —8%<
p C at

OnMu30K K Hymo. TOK cBs3M Mexay omepaunoHHbIMU ycmuteasimu OY1 u OY2

Ic =Ugux1/R. IIpounrTerpuposas ot 0 10 t u pa3genuB Ha —C 00e YacTU paBEHCTBA

-C du6blx2 ~ Ugpixl
dt
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1€ Ugyxo — HaMIpsDKEHUE Ha reHeparope mpu t = 0.

[Iycts B MOMeHT BpeMenu 1; (puc. 5, 6) ¢ Tpurrepa Ha Bxon OVY2 mongaHo

nanpsokenne U, . Tak kak U, =CONSt (a MHTErpai OT MOCTOSHHOTO 3HAYCHHUS

MPOTOPIIMOHANIEH BpeMEHHU 1), TO HANPSIKEHUE Ugyx2 U3MEHSAETCS TIO IPSIMOM JTMHUU
JI0 T€X MOp, MOKa B MOMEHT l; OHO He JnocTurHer 3HaueHus Uy, mpu KOTOpoOM
TPUITEP NEPEKIIOUUTCS, U Ha BXOJ UHTerpaTopa OyaeT noaano HanpspkeHue Ug,, .

C MoMeHTa ty KOHEHCATOp HAYHET Mepe3apsKaThCs U HAMPSHKEHUE Ha HEM OyleT
JIMHENHO BO3PaCTaTh 10 MOMEHTA 13, MOCJE YeTO MPOLECCH TOBTOPSIOTCS.
AMIUIUTYJIa TPEYTrOJbHOIO  HAMNPSDKEHUS  OMPEACNSIeTCS  HalpshKeHHEM
MEPEKIIIOYEHUsT TpUITEepa U  paBHA ‘U gb,xﬂ- R1/Ry. Tlepwoxm koneOaHwmid
T=4RCR/R;.
I'enepaTop cuHycouaaJbHbIX KoJebaHuil. Ha HU3KKUX W cpegHuX yacToTax

XOopomuM HCTOYHHKOM CHHYCOUOAJIBHBIX KOJICOAHUH C MaJIbIM YPOBHEM
HCKaXXCHUM MOXKET CIIYKUTb IrCHCPpaTOop 110 CXCMC MOCTa Buna.
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Puc. 6

Jns onmHakoBBIX 3HaUYeHUH R 1 C yactoTa KojiebaHui paBHa:

1

f = ——.
2nRC

Koadounuent ycuneHnuss HanpspkeHHsT Ha HEMHBepTupyroleMm Bxoae OV
JOJDKEH OBITh paBeH + 3, Tak Kak MOJOCOBON (DUIBTP B LEMU MOJOXKUTEIHHOU
0oOpaTHOM CBSI3M Ha LEHTPAIbHON YaCTOTE UMEET KOADPUIIMEHT Nepeiadn paBHbIN
1/3. Tlpu MeHbIIEM yCHICHUU KOJICOAHUS 3aTyXaloT, MPU OOJIBIIIEM — BBIXOJHON



cUrHaja OyAeT JoCTUraTh HachlleHUs. VIckakeHHe CHHYCOMIbI Mallo, IOKa
aMIUTUTYAa KojJeOaHWii He BBIXOJUT 3a Mpelenbl JUHEHHOro ydacTka
AMIUTUTYAHON XapaKTepUCTUKHU ycuiauTens. B cxeme Ha pHCyHKe 7 B KayecTBe
3IIEMEHTa OOpaTHON CBSI3M C MEPEMEHHBIM COMPOTHBICHHEM HCIIONb3YyeTCs mapa
nuonoB. [Ipu M3MEHEHUH YPOBHS BBIXOJHOTO HAMPSDKEHUS UX COMPOTHBIICHHE
U3MEHSAETCS U  TOJJEpKHUBAaeT KOAd(D(PHUIMEHT yCHIEHHUS Ha  YpOBHE,
COOTBETCTBYIOIIEM  ycloBUIO  Oamanca  ammutyn. ComnporuieHue R»
IpeIOTBpalaeT pa3phlB IEMH OTPHUIATEIHLHOW OOpaTHOW CBSI3U TMpPH TEPEXOJe
BBIXOJTHOTO HAMPSKEHUS Yepe3 HOJb.

YueOHbIE 3alaHUA U METOANIECCKHNE YKA3aHUA K UX BBIINOJHCHHUIO

3ananme 1. U3y4yeHne HHBEPTUPYIONIET0 M HEHHBEPTUPYIOLIET0 YCHINTEIeH

1. Cobeputre ycunurenu (Ha OV Im741h) ¢ xosddunmenramu ycuneHwus,
npe/CTaBICHHBIMY B Tabmuie 1 (HanpsokeHue curHana SMB).

2. U3mepbTe K03 PUIIMEHTHI YCUIICHHS ¢ TOMOIIBIO ociiuiorpada.

3. B oTueTe mpuBeAUTE CXEMbI M CKPHHIIIOTHI OCIIHUIOTPAMM, UILTIOCTPUPYIOIIHE
paboTy MOJy4EeHHOTO YCTPOUCTRA.

Ta0Omuma 1
Koaddumment Koaddumment
Bapuant YCHUIICHUS YCHUIICHUS
(pacueTHbIil) (M3MEpEeHHBIN)
1 1 -10 10
2 2 -9 20
3 3 -8 30
4 4 -7 40
5 5 -6 100
6 6 -5 200
7 7 -4 300
8 8 -3 400
9 9 =2 500
10 10 -1 600

3aganue 2. U3yuyeHue cyMmmMaTopa v BIYUTATEJISI

1 TlocTpoiiTe CcymMMaTOp U BIUUTATEb.



2 IlpoBemuTe C HCHOJIB30BAHUEM YCTPOMCTB apuU(METHUECKUE JEUCTBHUS,
yKa3aHHbIE B Ta0JIHLIE.
3 B oruere npuBenuTE CKPUHIIOTHI, WUIIOCTPUPYIOUIUE PaOOTy IMOJIYYEHHOIO

YCTPOWCTBA.
Ta0mura 2
Bapuant Apudmernueckue 1eHCTBUS
1 2+3+1 10 -3 10+1-8
2 3+5+3 12-5 12-5+14
3 4+1+2 6-3 10-5+6
4 S+1+2 8-7 9+5-3
5 6+2+1 9-5 8+4-6
6 1+2+3 8-4 7+6-4
7 2+2+4 7-1 6+5-3
8 6+3+2 6-4 9+5-3
9 5+2+1 11-8 5+8-4
10 4+3+1 13-5 15-10+5

3aganue 3. U3yuenue auddepeHIHaIbLHOTO YCHIUTES

1 Tloctpoiite nuddepeHunanbHbli YCUITUTE.

2 IlomyunTe Ha BBIXOJE HAMpPSDKEHWE, COTIACHO NaHHBIM TaONHUIBl 3 MyTem
noadopa CONPOTUBIICHUH.

4 Pesynbrarsl 3aHecute B TaOmuily. [IpuBeauTe CKpUHILIOTHI, WILTIOCTPUPYIOIINE
paboTy MOJIyYEHHOTO YCTPONCTBA.




Tabmnuma 3

Bapuant | U, uB | Uy, MuB | Ry, Om | Ry, Om Usur, B

1 3 5 10

1 4 15
3 2 7 15
4 3 12 3
5 5 10 1
6 5 6 10
7 4 10 12
8 2 5 12
9 3 9 12
10 5 10 10

3aganue 4. U3yuyeHnue unTerparopa

1 Tloctpoiite uarerparop. Conporusienue R, = 10R;.

2 MUccnenyiite

dbopMy TEHEPUPYEMBIX CUTHAJIOB B 3aBUCHUMOCTH OT EMKOCTH
KoHJeHcaTopa B mpenenax 1HO — 1Mx®. IlpuBeaute CKpPUHIIOTHI PabOTHI

reHepaTopa. Caenaite BEIBOBI.

3 Tlonbepure 3HaueHne eMKOCTH C, COOTBETCTBYIONINE MPEIT0KECHHON YacTOTe
curnajia (tabmuia 4), obecneunBaromiee BbIMOIHEHHE YCAOBHS Uy = Ugyy.
PesynbpTaTel 3anecute B Tabnuiy 4. [IpuBeanuTe CKpUHIIIOTH OCIHIIIIOTPAMM.

| ©yHKuMOHaALHLIR reHepaTop-.

DopMa curHana

MapaMeTpel curHana

YacToTa 1 kHz
AnutensHocte 50 %o
AMnnMTYAA 10 mvp
CreweHne [v) v
©poHT/Cnaa

+ Ofuyii




Tabauna 4

Bapuant | f, x[y | C, n®
1 1

OO N O &~ W
OO N O &~ W

10 10

3aganue 5. U3yueHne pelakcallHOHHOTO reHepaTopa

1 TloctpoiiTe TeHepaTop MNPSMOYTOJbHBIX HMMIYJIBCOB C YacTOTOW TIE€HEepaluuu
COTJIAaCHO BapuaHTy (Tabmuia 5).
2 M3meppTe 4acTOTy reHepaly U CPaBHUTE €€ C TEOPETUUECKUM 3HAUEHUEM.

w

N3mepbTe Bpems criajianus PpoHTa MpsIMOYTOJILHOTO CUTHATIA.
4 B oryeTre MpUBEIUTE CKPUHIIOTHI, WILTIOCTPUPYIOMIUE PAOOTy MOJYYEHHOTO
YCTPOMCTBA.




Tabmnura 5

f, kly, f, kly, Bpems
Bapuanr | pacuemnoe | usmepennoe cnaoamus,
3Hauenue 3Hauenue t c
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10

3aganue 6. U3yuyeHue reHeparopa CHHYCOMIAIbHBIX KOJIeOaHUii

1 TloctpoiiTe reHepaTop CHHYCOMAAIBHBIX KOJEOAHUW C YAaCTOTOM TEeHEparuu
COITacHO BapuaHTy (Tabiuia 6) ¢ memoukoir Buna (pucynok) Ha OY Im741h.

2 H3meppTe 4acTOTy reHepaly U CPaBHUTE €€ C TEOPETUIECKIM 3HAUCHUEM.

3 B oruere mpuBenuTe CKPUHIIOTHI, WUTIOCTPUPYIOLUE PabOTy MOTYyYEHHOTO

YCTPOMCTBA.
Tabmuia 6
f, kly, f, kly,
Bapwuanr | pacuemnoe usMepeHHoe
3HAYeHue 3HAYeHue

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10




COJAEPKAHHUE OTYETA
1. HaumeHnoBanue u 11e16 pabOTHI.
2. DIIGKTpUYECKHUE CXEMBI Iernel, cOOpaHHbIX Ha paboyeM IoJie TPorpaMMHOM
cpenbr MS11.
3. Tabmuipl ¢ pacy€THBIMH B SKCTICPUMEHTATLHBIMU JTaHHBIMH.

4. I'padpuku 3aBUCUMOCTEH (110 YIPAKHEHUSIM).
5. OcmuIorpaMMbl BXOAHBIX U BBIXOJIHBIX CUTHAJIOB (110 YIPAKHEHUSIM).
6. BeiBoanI 110 pabdore.



