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l. HEJb U COAEP)KAHUE PABOTbI
Lenb paboThI - U3ydYeHHE CBOMCTB OCHOBHOT'O YCHJIMTEIHHOTO 3JIEMEHTa aHallo-
TOBOI CXEMOTEXHUKH - OMEPAIMOHHOTO YCUJIIUTENS U COCTOUT B O3HAKOMJICHUM C Xa-
pPaKTEpUCTUKAMU, TapaMeTpaMy U CXEMaMH BKIIFOUEHUSI ONIEPAIMOHHBIX YCUITUTEIICH.

2. KPATKHUE CBEJIEHUSA N3 TEOPUHA

OnepaunonnbiM ycunutesneMm (OY) - Ha3bIBalOT YCUJIUTEIh MOCTOSIHHOTO TOKA,
umerouil nuddepeHanbHblii BXoA W OOUIH BBIXOJ, C OOJBIINM KO3()PHUIHEHTOM
YCHUJIEHUSI, BLICOKUM BXOJHBIM U HU3KUM BBIXOJHBIM COITPOTUBIICHUEM.

Bnepseie OY npumensiics B aHanoroBbix OBM 1j1st BBINOJIHEHUST TAKUX MaTeMa-
TUYECKUX OIEpaluid, KaK CYMMHpPOBAHUE, BBIUUTAHUE, WHTETPUPOBAHUE U IOITOMY
JaHHAs cXeMa MOJIy4YuJia Ha3BaHUE ONEPAMOHHOIO YCUIIUTETS.

B Hacrosmee Bpemst OY, U3roTOBIEHHBIE IO UHTETPAIBHON TEXHOJIOTUU, SIBIIS-
I0OTCSI YHUBEPCAJIbHBIMU U MAacCOBBIMU DJEMEHTaMHU, a Ojarojaps pa3HoOOpa3HbIM
BHEIIIHUM OOpaTHBIM CBS3SIM TO3BOJISIIOT CO3/IaBaTh YCTPOMCTBA CaMOTO Pa3IMYHOTO
(GYHKIMOHATBLHOTO Ha3HaueHHs (YCWIMTENIH, CyMMaTOpbl, KOMIApaTophl, (UIILTPHI,
muddepeHaTopbl, HHTETpaTophl U T. 1.).

Bxoanoii kackag OV BeinonHsietrcs B Buae auddepeninuanbaoro ycumurens (AY).
JY umeet nBa Bxona. Bxon (U,-), HanpshKeHHE HA KOTOPOM CABUHYTO 10 (aze Ha 180
rpaa. (IpoTUBO(A3HO) OTHOCUTEIBHO BBIXOJHOTO HAIpPSKEHUS Ha3bIBalOT WHBEPTH-
pYIOIUM U 0003HAYAIOT KPYXKKOM WK 3HaKoM “-“. Bropoi Bxoj (U,.) - HEHHBEPTH-
pYIOLIMM, T.K. HampsoKeHUE Ha HEM M BBIXOJHOE coBManaroT no (aze. OY o00bUHO
HMMEET JIBYXIIOJSIPHOE MUTaHUE, a BBIBOABI K KOTOPHIM OHO MOKIIIOYAETCS 0003HAYCHBI
U,n- ¥ Uy, Kpome Toro OY MokeT uMeTh BCIIOMOTaTeIbHbIE BBIBOJIBI JIJIs1 TTOAKITIOUE-
HUS DJIEMEHTOB YAaCTOTHOW KOPPEKIIMU M OAJIAaHCUPOBKHU BBIXOAHOTO Hampspkenus. OY
curTaeTcsi cOamaHCUPOBaHHBIM Korja BeimoHseTcs ycnoBue: Uy,,=0, koraa Uy =0.
Bxoansie (U, U,y-) 1 BeixogHoe (U, ) HanpsokeHuss OY cBS3aHbl COOTHOIICHUEM:

UBBIX = I'<oy (UBx+ - UBX') ) (l)

riae K,y - K03 puimenT ycuieHus onepaioHHOT0 YCUIUTETIS.
5 6

B cBs3u ¢ tem, uto K, nocratouno Bemuk (10° — 10°), cxembl Ha OY pabotatoT B Jiu-
HEIHOM PEKUME TOJILKO TIpU BBeJIeHNH OoTpuliatenbHoi oOpatHoit cBszu (OOC). [Ipu ot-
CYTCTBUM OTpPULIATEIbHOM OOpaTHOW CBSI3W WM TPU BBEACHUM TOJOKUTEIBHON
oOpaTtHO#l cBsizu cxembl Ha OY 005a7at0T HEIMHEHHBIMU CBOMCTBAMHU M BBITIOJNHSIIOT
(bYHKIIMHM KOMITapaTOPOB (YCTPOMCTB CpaBHEHMsI CUTHAIIOB Ha BXoAax Uy, Uy-), TeHepa-
TOPOB CUTHAJIOB Pa3IMYHON POPMBI U T. .



B cBs3u ¢ aTEM niepenarounsie xapakrepuctuku (U,, = T (U,,)) mus uueansHOTO
OV umerot cneayromuii Buj (puc.l ).
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Puc.l . TlepenaTounsie xapakrepuctuku OY

[TapameTpsl OY MOXHO pa3eiauTh Ha CIEAYIOIIUE TPYIIIHL.

Bxoouwie napamempoi, onpedensiemvle ceoticmeamis 6X00H020 OudphepeHyuantbHo2o Kac-
Kaoa:

- Harpspkenue cMmertenus Hynst U, 3HaueHne KOTOPOro ONpEeNsieTCs] HEUIEHTUIHO-
cThto HanpsbkeHui Ug,y TpaH3UCTOPOB BXOAHOTO AU(depeHIIHaIbHOrO Kackaia, u €ro TeM-
nepatypsblil apeiid AUcM/AT;

- BXOJHOI TOK MHBepupymomero |, u HemHsepTupylomero Bxoga |y, a Taxke
CpelHU |y op U PA3HOCTHBIN |y sy BXOJTHOM TOK (TOK 0a3 TPAH3UCTOPOB B PEKUME MTOKOS
BXOJHOTO AuddepeHIuaibHOro Kackaa) u TeMIepaTypHblid apeiid pa3HOCTHOIO BXOJI-
HOTO TOKA A |y pass /AT

- MakcuMalibHOe BXOjHOe AupdepeHInanbHoe Uy g, max U1 CHHGA3HOE U py.cc. vax
HaMpPsOKEHUS;

- BXoJHOe aupdepeHInalIbHOe COMPOTUBIEHUE Ry oy, T. €. COMPOTUBICHUE MEXIY
Bxogamu OV nst manmoro nuddepeHnraibHOr0 BXOJHOTO CUTHANA, TIPH KOTOPOM CO-
XpaHsIeTCs INHEWHOCTh BBIXOTHOTO HATIPSKCHUS.

Ilepedamounvie napamempuol:

- KO3 PULMEHT ycuiieHHs Mo HanpsbkeHuto K, onpeensemMblii OTHOIIEHUEM H3MEHe-
HUS BBIXOJHOTO HAITPSDKEHUS K BBI3BABIIIEMY 3TO W3MEHEHHE MU depeHITHATEHOMY BXO/I-
Homy curHATY Koy= Upn/Us g

- kKoaddurmeHt ociadbnenus: cuHpazHoro curHana K. onpenensieMslii OTHOIIICHUEM
kod(purmenta ycuneHus auddepeHmaTbHoro curiana B cxeme Ha OY k Ko huimeHTy
yewsieHus: cugaszHoro curana Ko.= Ko/ Koy oc- 5

- TpaHn4Hast yactora f, — yacrora Ha KOTOpPOI KOI(PUIMEHT YCHIICHHST YMEHBIIIACTCS B
(1/2)"? pa3 10 OTHOLIICHNIO K MAKCHMAIBHOMY 3HAYCHIIO KOO(D(HLIICHTY YCIICHHS. JTa dac-



TOTa COOTBETCTBYET YMEHBIIICHNIO K03 duIienTa ycunenust Ha —31b, ipu 3amanne Kodhdu-
IIUEHTA YCUJICHUS B JIOTapU(PMUISCKOM MacITaoe;

- yacrota euHUYHOTO yemnus f; 1. €. gacrora, mpu xoropoii Ky, = 1.

Buixoousie napamempni, onpedensiemvie cgoticmseamu 8bix00H020 Kackaoa OY:

- BBIXOJTHOE COTIPOTUBIICHUE Ry ;

- MAKCUMAJIbHBIA BBIXOJHOUN TOK |y vax, H3MEPSIEMBIN TIPH MAKCUMATIbHOM BBIXOJHOM
HaMNPsHKEHUH, WM MUHUMAIIBHOE COMPOTUBIICHUE HATPY3KU Ry vy

- MaKCUMaJIbHOE BBIXOJHOE HANpspDKEHUE B JUAna3oHe JMHEHHOro ycuieHus. s
oompimHcTBa THIIOB OY Bemmunna U, v = ( E;, — 1,5) B.

Ilepexoonvie napamvempeoi:

- CKOPOCTb HapacTaHUs BBIXOHOTO HAMPSLKEHUS V5 — MAKCUMAIIbHAsT CKOPOCTh U3-
MEHEHHS BO BpeMEHM HanpsbkeHus Ha Bbixoze OY (B/Mkc) npu nojgave Ha BX0J OOJIBILIOTO
CUTHAJIA;

- BPEMsI YCTAHOBJICHUSI BBIXOJHOTO HampsiKeHHs t,., BpeMs 32 KOTOPOE BBIXOJHOE
HaIpsiKEHUE IOCTUTaeT CBOE CTAllMOHAPHOE 3HAYEHHE C 3a/IaHHON TOYHOCTHIO.

llapamempol yenu numarusi:

- HanpspKeHue nmurtanus + Ej;

- TOTpeOJIIeMBbIi TOK | ;.

- moTpebisieMasi MOIIHOCTh. MOIIHOCTH (0€3 Harpy3ku) moTpediisieMasi OneparoH-
HBIM YCUJIUTEIIEM.

Baxnoit xapakrepuctukoit OY siBisieTcs ero aMrumMtyaHas (eperatoyHasi) Xxapak-
tepuctuka (puc.1). KpuBast 1 cOOTBETCTBYET BBIXOJAHOMY HAIPSDKEHHUIO MPH BXOJIHOM
HaIpsSHKEHUU Ha MHBEPTHUPYIOIIEM BXOJI€ U HYJEBOM HANPSHKEHUM HAa HEUHBEPTUPYIO-
mieM Bxojie, T.€. Uy =F(Ug-)|usxi—0. KpuBas 2 - U= f(Upyi)|usx-=o0. T10 amrumaTyaHoi#M
xapakTepuctuke MoxHO onpeaenuTb Ko =Up /Uy, 1 U, - HampsikeHHe CMEILeHUs -
ATO MOCTOSIHHOE HAIpsSKEHHE Ha BXOJE MPU KOTOPOM BBIXOJHOE HAMNPSKEHUE PABHO
Hymo, T.e. OY - cb6amancupoBaH, U, - HampspKeHHE CABUTA - 3TO MOCTOSHHOE Ha-
npsbkenne Ha Bxoje, korma Ug-= U, =0. TunoBsie 3HaUCHUS: Koy=104+107 P Uy =
5...20 MB.

[Ipu ympoimenHom aHanuze cxem, cojepxanux OV, yno0HO MOiIb30BaThCS MOHS-
tieM "upeansHoro OV", mia kotoporo: Koy=o00; Ry =0 Ry =0 0M; Ugy=0
npu U,- = U, =0 1.e. OV cOanancupoBan; Af -nuamnasoH yCHIMBaeMbIX 4acTOT =,
|« - BxoaHo# TOoK OA.

PeanbHo naeansHbix OY He cymectByer. OnHako mapaMmeTpsl peaibHbix OV,
TOYKH 3PEHUS TIOTPEITHOCTEN CO3/1aBaeMbIX UMHU, OJTM3KH K HI€ATbHBIM. JTO MO3BOJISET
HCIIOJB30BaTh MOHATHE UaeanbHOro OV, 4To CyIIeCTBEHHO YIPOIIAET aHAIU3 CXEM, CO-
nepxamux OY. O0bpryHO B ycTpoiicTBax coaepxammx OY OH HUCMOIb3YyETCs HE CaMo-
CTOSITEIBHO, a C DJIEMEHTaMH BHEITHEH OOpaTHOW CBSI3U, KOTOPBIC IICIIMKOM
ONPENEIIAIOT €ro NMepelaTOYHyI0 U YaCTOTHYIO XapaKTePUCTHUKY.



B coctaBe OY comepKuTcsi OT HECKOIBKUX JECATKOB A0 COTHH HWHTETPAIBHBIX
TPaH3UCTOPOB, KOAPPHUIUEHTH! YCUIICHUS KOTOPBIX Maal0T C POCTOM YaCTOThI BXOIHBIX
curnajioB. [loaTroMy B 11e10M COOCTBEHHBIN (T.¢ 06€3 00OpaTHBIX CBs3eil) KodhPuIMeHT
ycuiieHust OY, coCTaBISIIONIMN Ha HU3KHX YaCTOTaX BEJIMYUHBI opsiaka 10°, pe3Ko ma-
naet ¢ poctoM yactoTel. BBegenne OOC cHmxkaet koapdunuent ycunenus OV, HO BbI-
PAaBHUBAET €ro aMIUIMTYAHO-YaCTOTHYIO xapakrepuctuky. bes OOC OV B cxemax
YCHIIUTENEH MPAKTUIECKH HE UCTIOIBb3YETCSl.

Cxema opranmsanuu OOC npu mojade curHanta Ha HEMHBEPTUPYIOLIUN BXOA
II0KAa3aHa Ha puc.2,a. Jlemurenp, COCTOAMMMN U3 PE3UCTOPOB Ry ,R,, MOJAONIUN YaCTh

BBIXOJTHOTO HampspkeHus Ha uHBepTupytonmi Bxon OV, cozgaer OOC. Koaddumment
ycuieHus, oxBaueHHOro nenbo OOC, cocTaBisieT
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Puc.2. Cxema OY ¢ OOC nipu nojiaue BXOJHOTO CUTHAJIA!
a) Ha HEMHBEPTUPYIOIINI BXOJ U 0) Ha UHBEPTUPYIOIINUNA BXO/

Ko, =K/ (1 -NK), (2)
rie  K-xoaddunment ycunenus 6€3 oOpaTHOU CBSI3H;
N-cTereHb 0OpaTHOM CBS3H, T. €. YaCTh HANPSDKCHHUS, MOJJaBAE€MOT0 OT BBIXOTHOM

IIETH BO BXOJIHYIO B MTPOTHBOGA3E C BXOIHBIM HAMPSHKCHUEM.
dopmyiny (2) MOKHO 3amucaTh Tak

e ®3)

ITpu K >> 1, uro xapakrepno ayist OV, BeipaxkeHue (3) npumer BUj



Koyl = 3 (4)

VYuuteiBas, 4to Ayt ceMbl Ha puc.2,a ( OY umeeT 04eHb BBICOKOE BXOJHOE CO-
MIPOTHUBJICHHE IT0 JIFOOOMY M3 BXOJIOB, HAMHOTO OoJiblee, yeM R, )

:L , (5)
Ry + R,
to npu R >>R, nomyunm
| Koy |; RN /Rl (6)
Konblm: U&’le/UKX

Cxema OY ¢ OOC npu nojjlaue CUTHaJIa Ha WHBEPTUPYIOIIUMN BXOJ IMOKa3aHa
Ha puc.2,0. Koappuuuent ycunennsa takoro OY BeruuciseTcs Takxke no gopmye (6).

3. OIMUCAHUE JJABOPATOPHOM YCTAHOBKH
Cxema y1abopaTOpHON YCTaHOBKHU (pHUC. 3) AJisl UCCIEAOBaHUS OCHOBHBIX Xapak-
tepuctuk OY mpuBeneHa B katanore 25 u umeet ooo3HaueHne OY1l.ewb. B kauectse
HCTOYHUKA BXOJHOTO CHTHAJIa HCIoJIb3yeTcst renepatop (function generator). Jlns us-
MepeHus: POPMbI U aMILTUTY Il HAMIPSIKEHUN K BXOJIHOM M BBIXOJIHOM LIETISAM YCUIIUTEIIS
MTOAKITIOYEH OCHIILIOrpad.

4. MMOPAJOK BBIIIOJIHEHUS PABOTHBI
4.1. UccnenoBaHne HHBEPTUPYIOLIET0 YCUJINTES.

DOKCnepuMEeHTAIbHO onpenenuTs kKoddduiument ycuinenus (K,) mHBEpTHpYIOLIEro yCcu-
aurens, e K,=Ug /U,

N3mepenns K, nmpoBoauTe s CMHYyCOMIANBHOrO curHana Ha dacrore 100 I'ng
npu amruTyae BX. curHana 0.2 B. Pe3ynbrarel uccnenoBanuii 3anectd B TaOm. 1 st
MPUBEIEHHBIX B HeW 3HaueHui R3.

CpaBHUTD pe3yNbTaThl FKCIIEPUMEHTA C PACUETOM.

3apucoBaTh BPEMEHHBIE THAarpaMMbl BXOJHOTO M BBIXOJHOI'O CUTHAJIIOB UHBEPTH-
pytoriero ycuautens ais 3HaueHui conporusienns OOC (R3 =10 u 100KOwm).

JIst mosmydeHusl yCTOWYMBOM KapTUHBI Ha 3KpaHe ociuuniorpada SKCIEPUMEHT
MPOBOAMTH B PEXKUME BHYTPEHHEH CHHXPOHU3ALKU ocuusuiorpagda.
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Puc.3. Cxema mabopatopHOi yCTaHOBKHU.
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4.2. OnpeaesjieHue CKOPOCTH HAPACTAHUS BHIXOHOI0 HANIPS:KEHHUS NIPHU
UMITYJIbCHOM BO3/1€iiCTBHU

VY cTaHOBUTH CTENIEHh OOPATHOW CBS3M MPHU MOTydYeHUH KodPUIreHTa yCuieHus
nopsaka 20 (R3 = 20KOwm).



Ilopate Ha HMHBEPTUPYIOLIMM BXOJ OT TIE€HEpATOpa HUMIIYJIBC IPAMOYTOJIBHOU
dbopmel ¢ ammuutynoit 0,2 B. M3MepuTs IIUTENbHOCTh (PPOHTA MMITYJIbCA HA BBIXOJIE,
3apHUCOBATh OCUMIUIOTPAMMY, U3MEPUTH aMILIUTYAY BBIXOJHOTO UMITYJIbCA.

4.3. Caarb AYX ko3¢ Ppunuenra ycnjieHust

3aBucuMocTh Kodddurmenta ycuneHus oT 9acToThl Kp=Uy,/U,x B auamaszone
gactot (10...10°%) 'y ipy BXOZHOM rapMOHHYECKOM cHrHane ammutynoi Uy, =100 MB.

AYX cusare npu nomomu nactpymenta AC Frequency Analysis u3 riaaBHoro me-
Hio iporpammbl Analysis. 3anate HadaneHyto yactoTy 1 I'it (FSTART), KoHEeuHYyIO Yac-
toty 10 MI't (FSTOP), y3exn nis ananmu3a (Nodes for analysis — BeIxoJ1 oniepalinoHHOTO
YCHIIMTENSA). Y3l B CXeMe HEOOXOAMMO TMPEABOPUTEITHLHO O003HAYUTH MPH TTOMOIIH
MeHto Shematic options ormerus ommmro Show nodes.

5. COAEP KAHUE OTYETA

B ortuere npusecTu:

- YIPOILECHHYIO CXEMY YCTaHOBKH;

- Ta0J1. 1, B KOTOpO pacueTHbI KOAPPUIUEHT YCUIICHUS BBIUUCISAETCS 110 hopMyie
(6).

JlaHHbIE CXE€MBbI, HEOOXOIUMBIE I pacuera:

-OCLIMJIJIOTPAMMBI BBIXOHOTO HAIIPSKEHMS U BBIYMCIICHHYIO CKOPOCTh HAPACTAHUS BbI-
XOJIHOT'O HAIPsKEHUs, TOKa3bIBAIOIIYI0, HACKOJIBKO BO3PACTAET HANPSKEHUE HA BBIXO-
1€ CXEMBI 32 MUKPOCEKYHIY;

- AUX ycunurens.

BrIBOAIBI 11O pe3ynbTaTaM UCCIIETOBAHUM.
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