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JIaGoparopHas paboTa
«HccaenoBanue aHAJIOrOBBIX YCTPOMCTB HA 0a3e onepanHOHHbIX
yeuauredeii B cpexe Multisimy

Llens paGotel: MccrienoBaHue OneparioOHHBIX YCUIIUTENEH B KaueCTBE HMHBEPTUPYIOIMX
CYMMAaToOpOB, HHTEIrpaTopoB, AUQPPEpPEHIIMATOPOB U HM3OUPATENbHBIX YCUJIHUTENIEH B cCpene
Multisim. Onpeznenenue ux napaMeTpoB U XapaKTEPUCTUK € ITOMOIIBI0 boze-miuorTepa.

[Tocne BbINONHEHUS J1AOOPATOPHON pabOThI CTYAEHTHI OyAYT 3HATH!

1. xapakrepuCTMKM M TapaMeTpbl aHAJOTOBBIX YCTPOHCTB Ha 0a3e omeparuoHHOIO

YCHJIUTEINSI C PA3INYHBIMU LEMSMHA OTPULIATENILHOW 00OPAaTHOM CBS3H.
2. METOAMKY HCCIIEOBAHUS aHAIOTOBBIX YCTPOMCTB ¢ MOMOIIBIO YaCTOTHOTO aHAJIM3aTopa.
3. CXeMOTEeXHUKy IOCTPOEHUS aHAJIOTOBBIX YCTPONUCTB Ha 0a3e onepaluoHHOIO YCHIINTENS

C Pa3IMYHBIMU LIETISIMA OTPUIIATENIBHON OOpaTHOM CBS3H.

1.TeopeTnyeckoe BBe/IeHUE

Onepanmonusbiit ycunutenb (OY) — 3To TUHEHHBIM TpeoOpazoBaTeb,
mudepeHIIUATBHBIA YCUITUTENh TOCTOSTHHOTO TOKA ¢ OY€HB O0IBIIIMM KOI(PDUITHUEHTOM
YCUJICHU S, TPeHA3HAYCHHBIN 151 paOOTHI € «TTYOOKOH» OTpHUIIATeIbHOM 00paTHOM CBS3BIO
(O0C) puc.1.

AKTUBHBIN QUIBTP - KOMIUIEKCHOE YCTPONCTBO, cocTosee 3 OY U BHEIHHUX JIEMEHTOB,
o0Opasyrommx 1enb 00paTHOW CBS3H, MPEIHA3HAYCHO JIJIS1 BBHITIOTHEHHS HEKOTOPHIX
MaTeMaTUUYECKUX OIepaIuii Ha/l aHaJIOTOBBIMHU AJIEKTPUYECKUMHU BeTMYNHAMU (KaK, HaIpuMep,
CYMMHPOBaHHE, UHTETpUpoBaHue, quddepeHIInpoBaHNEe, yMHOKEHHUE Ha TOCTOSHHbIE
K03 (ppUIIUEeHTHI U 1Ip.).

CoOcCTBEHHO OTIepaIIMOHHBIA YCUITUTEh 0€3 IIeNnn 00paTHOM CBs3H HE TpUMEHs0T. OY
UCITOJIB3YIOT TaKoKe B KAUECTBE MPEIM3MOHHBIX YCHIIUTENEH, aKTHB HBIX (DHIIBTPOB,
MOBTOPUTENICH HANPSHKEHU S, KOMIIApAaTOPOB, HA UX OCHOBE CTPOSTCS M30MpaTeIbHbIE U
MOJIOCOBBIC YCUIIUTEINN, TEHEPATOPHI CHHYCOUIANIbHBIX CUTHAJIOB, TEHEPATOPHI CUTHAJIOB

pa3nuuHoOi (OPMBI CUTHAIOB, PETYIATOPHI U CTAOUIN3aTOPHI HAIPSDKEHUS U T 1.


http://bse.sci-lib.com/article083233.html

Usx K

L

Puc.1. Ctpykrypnas cxema OY ¢ OOC

OrnepaniuoOHHBIN YCUIUTENIb OCHOBHOM JIEMEHT 3JIEKTPOHHBIX YCTpoicTB. OO03HaYeHU s

OV Ha cxeMax, MmokKa3zaHbl Ha pUC.2 .

Puc.2. O6o3uauenus OY

OnepanimoOHHBIA YCHIIUTEb UMEET TPU OCHOBHBIX BHIBOJIA: IBA HA BXOJI€ U OJMH Ha BBHIXO/IE.
Bxonp! : uHBepTHpYIOIMI (0003HAYAETCS «-« UITH KPY>KOK) ¥ HEMHBEPTUPYIOIIM I

(0o603Hauaercs «+»).

1.1 TapameTpsr OY

[Tapametpsr OY MOXKHO BapbUPOBATh MPH TOMOIIM OOPATHBIX CBS3€H, TOCTPOUB HA UX
OCHOBE YCHJIUTEIHU C 3aJJaHHBIMU 3HaYeHUSIMU KO3(pPUITMEHTa YCUIIEHHUs], BXOJHOTO U
BBIXOJHOTO compotuBiieHni. OTpurnarenbHas oopatHas cBs3b (OOC) obecrieunBaer
YCTOHYMBOCTB YCTPOMCTB, MojaeTcs oHa ¢ Beixoja OY Ha nHBepTUpyronmii Bxox puc.l. Jlis
CHUKeHU aperda HyIsl, YCTOHYMBOCTH apaMeTPOB U YBEIMYEHUsSI TMHEHHOI0 ydacTKa
nepenaTouHoi xapakrepuctuku OV, ero B OCHOBHOM IPUMEHSIOT C «TJTYOOKOM»
oTpuLaTeIbHON 00paTHOI cBs13bI0. C moMOIIBI0 1000pa ITyOuHBI OOPaTHOMN CBSI3H MOXHO

pCaIin30BaTh aHAJIOTOBBIC YCTPOﬁCTBa C mapaMeTpaMi B IIMPOKOM AW AIIa30HC,
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BOCIIPOM3BEJCHUE YaCTOTHBIX XaPAKTEPUCTUK C 33JJaHHBIMHU CBOMCTBAMU, HE3aBUCUM OCTh
YCTPOWCTBA OT HATPY3KH, COBMEUICHHE YCUIIUTEIBHBIX CBOWCTB C (QUIBTPYIOIMMHU B IPEAEIax
1ojockl nponyckanus. OV gaet BO3MOKHOCTb UCIIOJIBb30BATh PE3UCTOPBI U KOHJIEHCATOPbI
HeOOJIbIIMX HOMUHAJIOB JJa)K€ Ha OYEHb HU3KUX YaCTOTAX.

OcHoBHOM mapameTp 100010 yeunurens - kodpduureHT ycuiaenus. Koaddunuent

yersieHus OY yMeHbIIAeTcsl MPOMOPIHOHATIBHO IITyOMHE 0OpaTHOM CBSI3U:

Koc=—"—"-—
1+ K
Koc— KO3(pPUIIUEHT yCUIIEHHUSI C y4ETOM OTPULIATEIbHOM 0OpaTHOM CBsI3H;
S unu y — koapuimeHT nepenayn oOpaTHOM CBSI3H;
K - xoappunuent ycunenus OVY.
[Ipoananusupyem dopmymy (1):
ecnn |BK[(L, 10 Koo = K

eciu ‘é[_{‘))l, T0 Koc =— - «@nybokas» OOC

= |+

[pu «@imy0oKOi» OTpULIATENEHOM 0OpaTHOMN CBsI3U KOI(DPUIIMEHT yCUIICHHS HE 3aBUCHT OT

Ko3(ppuIIMeHTa yCUIEHUS ONEepalMOHHOIO YCUIIUTES, & 3aBUCUT TOJIBKO OT COOTHOILCHUS

. 1
rmapaMeTpoB 3BeHa 00paTHOM CBSI3U Koc = — .

WneanpHblii onepaliuoOHHBIA YCUIUTEIh UMEET apaMeTphl:
HEONpPeeJIEHHO 00bIoN TuddepeHnanbHbIi Kod(dUuIueHT ycunenus K—oo;
BXOJIHOE CONPOTUBIIEHUE Rpx —>00;
BBIXOJJHOE COMPOTHBJICHHE Rerx—0;
IMOJIHOCTBIO CUMMCTPHUYUCH

UMeEeT HEOTPAaHMYCHHYIO TI0JIOCY TIPOITYCKAH UL
1.2 XapakTepucTuKM ycujauTeJiei

BaxxHO# XapakTepuCTUKONW YCHIUTENCH U aKTUBHBIX (DUIIBTPOB, SBJISIOTCS aMILTUTYIHO -
gacToTHas xapakrepuctrka (AYX), mpencTaBisromas co0oi 3aBUCUMOCTh Kod(uinenTa
yeunenus ot yactotel K =F(f).

Tak kak 3BeHO 00paTHOI CBs3U, 0Opa3oBaHo BKIOYEHHBIMU R 1 C s1emMeHTaMu, To MeXIy
BXOJHBIM U BBIXOJHBIM HANPSHKEHUSIMUA BO3HUKHET CIABUT (pa3. DTy 3aBUCHUMOCTH OTp aXKaeT

dazo-uactoTHas xapakrepuctuka OUX ¢ = F(f )



Jlorapudmudeckie amMrIMTyaHO- U (pazo-uyactoTHbie XapakrepucTtuku (JIAUX) u (JIOUX)
SBIISTIOTCSL YIOOHBIM CPEJICTBOM aHANIM3a YCTOMYUBOCTH JTUHEWHBIX CHCTEM M CITYXKAT JIJIs
pacyeTa KOppEeKTUPYIOLMX LEneu.

AMILUTUTY/THO-9aCTOTHBIE XapaKTEPUCTUKN CTPOATCS B Jorapudmuyeckom maciarade. Ilo ocu
OpAMHAT OTKJIAIBIBAIOT KOA(MPUIIMECHT YCHIICHUS, BRIPAXKEHHOE B JAeIInOeNaX, o 0Ch abCIuce
OTKJIJIbIBAIOT YaCTOTY WJIM OTHOLICHUE YaCTOT CUTHAJIOB, B JIOTAPH(MHUUECKOM MacIrade.
Jlorapudmuueckuii Macirad yao0eH sl Tpaduyeckoro mpeacTaBlIeHUs YaCTOTHBIX
XapaKTePUCTHK.

* 1b — nenuGena - ciennanpHas eIMHUIA, ONIpeeNsieMasi OTHOLICHUEM aMILIUTY/ IBYX

CUTHAJIOB. K(nb) = 20IgK
* HurtepBan yactoT, oinyatonmxcs B 10 pa3 Ha3pIBAIOT JIEKaI0M.

201g10 = 20 nb maxmon xapakrepuctuku +20 nb/mex

Peanbubiiit OV umeer: koddduument yeunenus K ot 10° mo 10°, wactory enuundnoro
yeunenus fey (4acTora mpu kotopoit kodddunnent ycunenus OV pasen equnuie K=1) 00bI9HO
coctapiaseT 0,5 — 10 MI'm.
3Has 4acTOTy €IMUHUYHOTO yeuleHUs fex v koadunment ycunenus peanbHoro OY MOXKHO JIETKO

OTIPENENIUTh YaCTOTY Cpe3a MO0 aMILTUTYAHO-4acTOTHOU Xapakrepuctuke uian JIAUX puc 3.

lgf e

Puc. 3. JIAUX OY

Ha Bepxuux yactorax OV, HaunHas ¢ yactoThl cpe3a fe (Touka mznoma JJAUX OV),
KOO(DUITMEHT YCUJICHUSI CHMIXKAETCS M3-3a MHEPIIMOHHOCTH, M CKOPOCTh ciafga AUX

cocraBisieT -20 nb/aek 10 4acTOTHl EAMHUYHOTO YCUJICHUS, pUC 3.



1.3 OcHoBHbIEe cXeMbl BKJIIOYEHHsl Ole PAIIMOHHBIX YCUJIUTE el

1.3.1 HeunHBepTHUpPYIOUMA YCHINTEJIb.

R>
R, K uoc 2 , ipu KU —> 0 K yoc =
| 1+ p5-K
= oo - 'B !
I'131:[5 — Rl K l+&
[ «— Ri+R2’ o R1

R
Ry h
[.'1 = 00 &
[-'ma

—

Koosgppuyuenm ycunenus: Kuoc = - R2/R1
3HaK MUHYC YKa3bIBaeT HA TO, YTO BXOJHOE U BBIXOJHOE HANPSDKEHUSI HAXOJIATCS B

npotuBodase.

1.3.3 [udpdepenunanbuoe Briawdenne OY

R>
R,
h C; > oo -
. ETB]I[E
[' 2
R



[Tpu muddepennnansHom BrIroueHUH OY BXOJHBIE HANPSHKEHUS TOIAI0TCS Ha 00a

BX0J1a uepe3 pe3uctopsl R1 u R3. [Ipu 3TOM paBeHCTBO MOTEHIIMAIOB HA BXO/IaX COXPAHSETCS.

U -U
¢—= |;J.BIX 1R1+U1
1+R2
U2
+=—R
Y "R R,

U3 sToro cnenyer

[R +R]-R R
UBbIX= 2 l—H_Ul —=.
[R3+R4]'R1 Rl

Ipu paBenctBe R1=R3, R2=R4 cnenyer:

U R
BbIX 2 2
_ , .
K, = (U U ) rac B CKOOKax PA3HOCTDb HAIIPSKCHUU C YUICTOM 3HAKa
\4 U R 1 2
BX 1

CXeMBI, BBIITOJIHAOINM C MATCMATUYCCKHUC OIICpallnn

1.3.4 Cymmatop

CYMMaTop Ha ocHOBe OV ¢ 4acTOTHO HE3aBHMCHUMBIMHM dJIEMEHTaMH.

HanpspkeHue Ha BBIXOJIE YCHIIMTEIIBHOM CXeMbl PaBHO HANPSDKEHUSIM Ha BXOTHBIX
DIIEMEHTAaX C BECOBBIMHU KOd(hpUIIEHTaMu, paBHBIMU KOO(PPUITUEHTY YCUIICHHUS IS

paccMaTpuBacMOIro Bxozaa:

ROC ROC

R,

ROC

U, =U,- +U,-

BBIX

+U, -

1 2

Hcnonp3oBaHue PCAKTUBHBIX 3JICMCHTOB IMO3BOJIACT PCAJIN30BATh AHAJIOTOBBIC OIICpallun

mudepeHIpPOBaHUSI M HHTETPUPOBAHUSL.
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135 Jud ¢ epenuuartop.

U —] Ii‘h‘l”:’i*:“:1 .
r

ebix I ‘R= dU
dt

T.€. BBIXOJHOE HalpsbKEHUE sIBIsIeTCsl TU(pepeHInaToM BXOIHOIO HAIPSHKEHUS C

BecOBBIM Koddpurinentom RC.

1.3.6 HurerpaTop

C
N
b 40 o oo b

—

B cnydae, koraa kK MHBEPTUPYIOLIEMY BXOAY MOIKIIOYEH PE3UCTOP, a B LIEMb 00paTHON

OTpHHaTeHBHOﬁ CBsA3U YCTAHOBJICH KOHACHCATOP, CXEMa C OIICpallMOHHBIM YCUIIUTCICM

BBITITIOJIHACT (byHKI_[I/IIO HHTCTparTropa:

U

6blX

=—j| dt———j 1dt——— U, dt,

T.C. BBIXOAHOC HAIIPsKCHUC ABJIACTCA UHTCTPAJIOM OT BXOJAHOI'O HAITPSKCHU L.

Ilpumep. Ecnm Ha BXOJTHOM PE3UCTOpE HAMpsDKEHUE n3MEeHHUTh ckaukoM oT 0 1o Uo, To Ha
i Ut
Bbixozie OY Hanpsukenue 6yner usmensTses no sakony U, =——|U dt = RC’ T.€. pacTu

6blX RC

IPONOPLIMOHAIBHO BpEMEHHU. DTO COOTBETCTBYET Cllydaro 3apsaku KoHjaeHcaTopa C

noctosstHHbIM TokoM  11=U1/R.
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1.3.7 W30upaTeibHBI YCHIUTEb.

KBa3upe3oHaHCHAs 4acTOTa OMPEeIseTcs Mo Gopmysie:

1
o 27 RiR:C:C;

R:Co , ecimu C1=C2, Tora K pa = Rz

Koappunuent yeunenus Kpp=————
Ri(C1+C2) 2R:

2. MeToanueckue ykazanus mo pagore B cpeae Multisim

Coopxka cxemsl B cpeae Multisim. Ha puc.4 oqun pabodee okHo B cpeae Multisim. Tlanens

HHTPYMCHTOB, PACIIOJIaracTcs ClipaBa.

[ Ciruit - Multisim - [Greuit1)

[P) Fle Edt View Place MCU Simuate Transfer Took Reports Options Wndow Heb =%
e ek BRQQq FEEFIW- B O k[ —nUew- +? T |
v BB HaEOemY S| F WS P ulme
Desgn Toobox X T
ODg ad
9 Circuitl
B Circuitt

S L SRR R RN

Herrchy [ vty rojctvew | | B oreuts )

Puc.4. Pabouee okHo B cpene Multisim u maHen s HHCTPYMEHTOB
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Ha pabodeM nosie He0OX0IMMO Pa3MECTUTh AIEMEHTHI CXeMbI. J1JIst 3TOro Ha BEpXHEH
naHeJd HHCTPYMEHTOB ciieBa HaxkMEM kHomKy «Place Basicy puc. 5. Ha Heit uzoopaxén
pesucrop. O6o3HaueHne pe3rucTopoB Ha cxeme B Multisim otinuuaercs ot mpunstoro FOCTowm.
[MosBuTcs okHo «Select a Componenty, roe u3 crucka «Family» Hamo BeIOpaTh «Resistory puc. 5.
Iox crpoxoit «Componenty mosBITCS HOMHHAIBHBIC 3HAUYSCHUS COMIPOTUBIICHU, BHIOPATh
HY)KHOE Ha)KaTHEM JICBON KHOIIKMA MBIIIM HJIU YK€ HETTOCPEICTBEHHBIM BBEJICHHEM B Tpady
«Componenty HeoOX0MMOro 3HaYEeHHUS C KIIaBHATYPHI.

B mosne «Symboly» mMoxHO yBHIETH, Kak OyIeT BBITISACTh BHIOPAHHBIH 3JIEMEHT Ha
pabouem moe. [Tocne BbIOOpa HOMUHATBHOTO 3HAUYEHU s, HaXKaTh KHONIKY «OK» 1, TOMECTHTH
AJIEMEHT Ha I0JIe CXeMbI Ha)KaTHEM JICBOW KHOIKM MBIIH. Jlanee MOXXHO TPOI0JIKaTh
pa3MelneHre HeoOX0IMMbIX 3JIEMEHTOB WIIH HaxaTh KHOTIKY «Cl0Se», 4To0bI 3aKphITh OKHO

«Select a Componenty.

% Circuit - Multisim - [Circuit] ] S s urr i
File Edit View Place MCU Simulate Transfer Tools Reports Options Window Help
DS DS & BE e Baa8g e B @B
_*@”ﬂ»b%ﬂ%@w!\r@ %I b uljm & O |
Design Toolbo™ - (5T T, e st e T e T e R R T :|.
[ |j | | # Selecta Component
&[4 Circuil | | Database: Component: Symbol (ANST)
e
Family:
.Select all families 4 § - . |
. BASIC_VIRTUAL ["| save unique component on placement Help
B RateD_viRTUAL SR
g rPACK <no type> v
“— SWITCH
Tolerance(%):
3E mansForRMER = =
3E NON_LINEAR _TRANSF =
§ RELAY Model manuf./ID:
CONNECTORS eneric/VIRTUAL RESISTANCE
W sockeTs
&# SCH_CAP_SYMS -
c— B RESISTOR Foon)nntmnuf./‘l’ype:
M | -
CAPACITOR Ti IPC-2221A/2222 f RES1300-700X250 (3
-] IPC-2221A/2222 [ RES1400-800X250 ==
ouGToR 1PC-2221A/2222 / RES1500-300X250 -
-I(-CAP_ELECFROLI'T ST
1y Hyperlink:
—m VARTARIF CAPACTTOFR
< 1 ] »
= _
5 Components: 1 Searching: 2k .
. o

Puc.5. Beibop pesuctopa

AHAJIOTUYHO PACOJOKHTh B II0JIe KOHAeHcaTopbl. Tonbko B criucke «Familyy

BBIOMpaeTcs KoHaeHcaTop «Capacitor» puc.6.
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# Circuitl - Multisim - [Circuit1 *] - - - 3
File Edit View Plce MCU Simulaste Transfer Tools Reports Options Window Help
o sesR $ 2aoc Baaeq |[(zmsd>@-@Y

2 @ Oy |—In Ust

‘#@%-}gbgﬁﬁgﬂ@'@ms:!Y@'g‘EﬂI‘ Hp”‘ie =(=t== 0 &
|l ! )
Design Toolbox —J-ﬂ“'i ..... e T v e e ] R Y R e B =
- T B T g
I | % Select a Component (=8 =%
Bk
Database: Component: Symbol (ANST)
Master Database ~| 160 F | e
e iy [ Gose |
-
Family: 16n Detail Report
1601
el —
I e =
. BASIC_VIRTUAL 160 [~ save unique component on placement
B8 rateD_viRTUAL oot e
$vERrRPACK <no type> ¥
=== SWITCH
Tolerance(%):
BE mANSFORMER 5 =
13€ NON_LINEAR _TRANSF| =
g RELAY Model manuf. /ID:
CONNECTORS Generic/VIRTUAL_CAPACITANCE
Bl sockeTs
& SCH_CAP_SYMS
B RESISTOR Footprint manuf./Type:
b ,
‘~ —i= CAPACITOR = IPC-2221A/2222 | CAPPA 1600-1000X450 ‘7‘
- INDUCTOR IPC-2221A/2222 [ CAPPA1600-1000X600 e
IPC-2221A/2222 j CAPPA1700-1100X800 -
P —— e e A e e
- Hyperlink:
M vartari F capacTTOR
i [ ] > -
ity -
=1 |Components: 6 Searching: 16 E
& y

Puc.6. Bei6op koHaeHCcaTopa

Pa3Mem€nHble Ha 1oJie 37eMeHThl He00X0JMMO COeTMHUTh TPOBOAAMHU. J{J1s1 9TOr0 HaBOAUTCS
Kypcop Ha KJI€MMY-BBIBOJ OJJHOTO M3 AJIEMEHTOB, HAXKaTh JIEBYIO KHOIIKY MbIIM. [losBuTCA
poBOJ, 0003HAUEHHBIH MYHKTHPOM, MTOABECTH ITPOBOJ K KJIEMME BTOPOI'O 3J€MEHTa U CHOBA
Ha)KaTh JICBOM KHOIIKOM MBIIIM U COCIMHUTH 3JIEMEHTHI. [IpoBOY Tak ke MOKHO NMPHUAABaTh

IMPpOMCIKYTOYHBIC I/I3I‘I/I6BI, 0003HaYass UX KIMKOM MBI H ABUTas IO CTPECIIKE pI/IC7

" Circuit] - Multisim - [Circuit] *]

Y File Edit View Place MCU Simulste Transfer Tools Reports QOptions Window Help
DESRSR & BROC Beaeeq |(tE>@-Boi-

“-#—-W%‘:Kj}bﬁﬂ@v@Mls:!\l’@-‘g‘?a_r‘
Design Toolbox x|

T DE oo
=1 Circuitl

Puc.7. CoenuHeHue 2j1eMEHTOB
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[TomectuTh Ha pabouee mosie OY. JIjist 5TOr0 BHIOpATh HAa BEPXHEHW MaHeIn HHCTPYMEHTOB
«Analog» puc. 8. B criucke «Family» BeiOpats anement «Analog_Virtualy. B crincke
«Componenty - anement «OPAMP_3T_VIRTUAL» puc.9. Pasmectuts OV Ha pabouem mode.

@ Circuitl - Multisim - [Circuit1] . .

File Edit View Plce MCU Simulate Transfer Tools Reports Options
DB RER & BEBD

Baaaq

_L#W‘DF'K®£’>%&%@Ams:!\f‘.@.glguri

Puc.8. OY na nmaunenxu Multisim

% Select a Component LM
Database: Component: Symbol (ANSI
= r e ) -
Master Database S ANROPAMP 3T VIRTUAL) |
| Close
Group: COMPARATOR_VIRTUAL [
T Analog Sl OPAMP_3T_VIRTUAL :D— ‘
Family: OPAMP_ST_VIRTUAL | | Detail Report
.Se|ect all families | | View Model...
B ~naL0G_VIRTUAL
t> QAN Funcﬁqn: X
£> OPAMP_NORTON Simplified, 3-Terminal Op-amp
{5 comparaTOR
IBF WIDEBAND_AMPS
B SPECIAL_FUNCTION

Model manuf. /ID:

s viebtal ... ]
IIT/IDEAL _5

Footprint manuf. /Type:

Hyperlink:

Components: 3 Searching:

Puc.9. Beibop OY

CoeauHsIoTCS BCe pa3MeIIEHHBIE JIEMEHTHI 1o cxeme. CxeMy HeoOX0IuMo 3a3eMiIuTh. Jliis
ATOTO Ha MaHeIN NHCTPYMEHTOB BhIOMpaetcs «Place Source». B cricke «Family»
OTKPBIBIIIETOCS OKHA BHIOMPAIOT THI AsieMeHTa «Power Soucesy, B ciucke «Component» -
snemeHT 3eMist «GNDy.
JI71st moAKITIOYEeHH Sl YaCTOTHOTO aHaIu3aTopa BEIOMpAETCs Ha MPaBON HHCTPYMEHTAIIbH O
nanenu «Bode Plottery puc.4, u pa3meriaercst Ha pabodyeM MoJie HAKaTHEM JICBON KHOIIKA
MbIH. [IpuGopsl MoaCOSAMHSIOTCS K CXeMe, KaK MOoKa3aHo Ha puc.?.

3anyctuth cxeMy Haxatuem «Simulation switchy puc.10.
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delp

=8|

]

-

b | m ® S=(=%== @ &

Puc.10. «Simulation switch» BxmtoueHne cxemsl

2.1 Hactpoiika napaMeTpoB npudéopoB

[lepen 3amyckoM cxeMbl IPOBOJUTCS HACTPOIKA MapaMeTpoB reHeparopa, OY u macCUBHBIX
3JIEMEHTOB.

Hacrpoiika reneparopa: JIeBOM KHOIIKOW MBIIIM IIEJIKHYTh HareHeparop. [lossisercsa okHo,
B KOTOPOM YCTaHOBHTH 4yacToTy («Frequency») pasuou 1k 't (1 kHz), ammutymy
(«Amplitude») — 1 mB.

Jlnst HacTpoliku mapameTpoB OV BBITIOTHSIOTCS aHAIOTUYHBIE ontepanini. O TKPhIBACTCS
OKHO, n300paxkéHHoe Ha puc.ll. YcranaBiauBarTcs He0OX0IMMbIE 3HAUCHHS TApaMETPOB
OV. Unity-Gain Bandwidth (FU) — gyactora emuauunoro ycunenus fe; ,Open Loop Gain —

ko3(pdunmrent ycunenus OV.

i OPAMP_3T_VIRTUAL @‘

I Label I DisplaijAﬁF[ Fault l Pins ] Variant l User Fields‘
Input Offset Voltage (VOS): [+ mv 2
Input Bias Current (IBS): E L .
Input Offset Current (10S): [0 na 2
Open Loop Gain (A): W kvjv 2
Unity-Gain Bandwidth (FU): fmi MHz =
Input Resistance (RI): ﬁ MQ A
Output Resistance (RO): 1757 Q =
Positive Voltage Swing (VSW+): f217 v =
Negative Voltage Swing (VSW-): -21]— v =

[ OK ] [ Cancel ] [ Info ] [ Help } .

Puc.11. Hactpoiika OY
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2.2 Cusitue JIAUX u JIOYUX ycunures ¢ nomoubio boae-miorrepa

Cusrs JIAUX u JIOUX ycunurens ¢ nomoupto boae-mnorrepa. [locine HaxaTus Ha HETo /1Ba
pasa JIeBOM KHOIIKOI MBIIIM, TTOSBUTCS YKpaH boxe-mnoTrepa, nmpencraienHoe Ha puc.13. s
castust JIAUX BeiOpats B onun «Mode» peskum «Magnitude». HactpouTs mkany uis
HauOoee yno0HOTro MpocMoTpa rpaduka. BBOIUTE mapaMeTphbl TOPU30HTATBHON U
BEPTUKAJIBHOM IIKaJ, KaK ykazaHo Ha puc. 12, (BHMMaHue! 1Kaia J0/DKHA OBITh

norapudmugeckas).

Ha »oxpane Bope-mioTTepa B JIEBOM BEPXHEM YIIIy €CTh CTPEJIKA-yKa3aTelb, KOTOPYIO
MOYKHO TIEPEMEIAThCS BI0Jb TOPU30HTAIBHON OCH C TIOMOIIBIO MBI, H OTMEYaTh

HeoOXoAMMbIe 3HaYeHust yacToThl f u koadumenta yeunenus K puc.12 (mpumep: f = 282,195

Ipa K=34,16dB).

< [laotTep boge-XEP1 - - £
F PeExIM oL

[ AMMAKMT YA ][ baza ] N

Mo ropuzoHTanA Mo BEpTMKENM

[ Log ][ MvH ] [ Log ][ .ﬂMH ] . L

F o1 GHz F 50 - N | M

11 om0 dB |

YrpasneHue i

[ JKpaH ][CoxpaHMTb][ ¥cT... ]

| 282.195 Hz 34.116 dB +@ Bx @ - +(@ Box @ -

e e e e N e e e e . . . . . .

Puc.12. JIAUX akruBHOTO (DMIIBTpa Ha dKpane boxae-miorTepa
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3. DKCHepuMEeHTAJIbHAS YaCTh

3.1 Ucnoab3yemble NpUGOPHI U yCTPOICTBA!

1. OHepaI_II/IOHHHﬁ YCUIIUTCIIb

Ul

OPAMP_3T_VIRTUAL

"R1
2. Pe3UCTOpHI —~VWv

Cl

=

3. KOHJEHcaTop

4. ocnumiorpad DkpaH ocruiorpaga
“# Ocumnnorpag-XSCl . .“ 4 o P
XSC1l
Ext Trig|
@
=
A B
& &
[ [
F] L +
Epema Kanan_A Kaxan_B
E % 183.055 ms 3,506 uv -699.786 mV Spay
S BHewHAs
PaseepTra KaHan A Kanan B CHHXPOHWZELMA
Wkana 10 ms/Div Iikana 5 mV/Div \Wicana 200 mV/Div Sanyo 5 Brew
sapepmkaX O vewenmne ¥ 0 cvewenme Y 0 Ypoerb g v
(cc)loje] © [daldE] © ™

5. boae-miorrep Dxpan bone-nnorrepa



18

¥ Mnotrep boge-XBP1 | &3
-
XBP1 r Pestim
ﬂ\ [ AMONMTYAA ][ Daza ]
Mo ropusaHTan Mo BEpTHKENA
ST o Cea) () (Cea) (e )
(T (T (T 2 F 1 GHz F 100 dB
11 mHz [ -50 dE
YrpagsneHqe
[ SkpaH ][CO!(DEHMTb][ YeTuaa ]
b
28,22 mHz +@ Bx () - +(@ Bex -

6. Bomsrmerp (DC)- nocrosiHHoOro HanpsokeHus, (AC)- epeMeHHOTO HaPsHKeHUS

U2
, -
0.000 N —
DC 10MOhm
7. TCHCpATOp NCPCMCHHBIX CUTHAJIOB OKpaH IreHeparopa
XFG1l 4 DyHKUMOHANLHLIN reHepar... =
PopMa cvrHana
L L ][ | [ |
+ =~ MapameTpbl carHana
QI QI Q YacToTa 1 kHz
OnuTtensHocTe | 50 Yo
AMNAMTYAS 1 mvp
CreweHne 0 v
+ (el ] _

4. TlopsinoK BBHINOJHEHHSI J1A00PATOPHOIi padoThI

4.1. UccneqoBaHue HHBEPTHPYIOLIETO YCHIIUTE IS

Cobpats cxeMy puc.3.1, UCIIONB3YsI ONEePAIMOHHBIN YCUITUTENb U3 OkHA «ANAY THII
OPAMP 3T VIRTUAL. YcTaHOBUTb MapamMeTphbl ONEPaLHOHHOTO YCHIIUTENS U1 3TOTO

JIBOMHBIM IIETYKOM JIEBOH MBITIIKOM Ha OY OTKPBITH €ro okHO u ycraHoBUTh FU=10 MI1.



Puc. 4.1 lHBepTUpYIONWMNA YCHIUTEIb

YcTaHOBHUTH TapaMeTphl AJIEMEHTOB 3BeHa 0OpaTtHoi cBsizu: R1=100 Om, R2- cornacHo
BApPHAHTY YKa3aHHOMY B IPUIIOKCHHUH 2.

Y CTaHOBUTH TapaMETPhl TEHEPATOPA IS 3TOTO KIMKHYTh JIEBOW MBILIIKOW Ha T€HEPATOP,
OTKPOETCSI OKHO C MapaMeTpaMH, YCTAHOBUTD IIPSAMOYTrOJIbHYIO (opMy curHama, yactory 1kl
3anosiHeHue 50%, ammuTyny curHana 1 mB, cmemenue 0.

OTKpBITB 3KpaH ociuiorpada TBOWHBIM IMICITYKOM JIEBON MBIIIKON U YCTaHOBUTH
pa3BepTKy ocuuiuiorpada: 0,5 mcex/nen, kanan A 5 mB/nen, kanan B 50 mB/nen.

YcranoBuTh napaMmerpsl boge-1mioTTepa Uit 3TOro KIMKHYTH JIEBOW MBIIIKON Ha
npubope 1 ycTaHOBUTH Auana3oH yacToT 1Ml - 10 MI', koagduueHT nepeaayu npeaesns no
BepTukanu «logy: +60 16, -20 1o.

Brrounts cxemy, cHatb JIAUX OV ¢ nomouwto bone niorrepa. Onpenenuts
MaKCUMAaJIbHBIM KO3(PPUIIMEHT YyCUIICHUS, 10 YPOBHIO 310 onpenesnnTh KOOPOUIUEHT yCUIICHUs
Ha HIKHEH M BEpXHEW 4acTOTe, MOJI0CY MPOITyCKaHUs (3TH MapaMeTpbl MOJKHO OIPECIIHTS,
nepeMenas yka3areiab BBIJICICHHBIM YEpHBIM MapkepoM Ha 3kpaHe boje-nimorrepa myHKT 5
«cnonp3yeMbie TPUOOPBI M YCTPOHCTBA») U MOKA3aHHE BOJIBTMETpaA. Pe3ynbraThl U3MepeHHid 1

Bua JIAUX ycunurens 3aHectu B Tabnuiy 3.1.

CHSATb U 3apUCOBATH OCHUJUIOIPAMMY BXOJHOIO U BBIXOJIHOTO HAIPSHKEHUH.
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Tabmuma 3.1
K K K Af U
Haspanue ycumtens e ° ! o Buna JIAUX
16 J16 16 I'ny B
WuBeptupytromuit
Hurerparop
JuddepennumaTtop
N3bupartenbHbIit

4.2 UiccaenoBaHue cymmaropa

CoOpats cxemy cymmaropa puc. 3.2. [lapamerpsr OV ycTaHOBUTH Kak B TyHKTE 4.1

+

Puc. 4.2 Cymmarop
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YcranoButs R1=R2= 100 Om, R3 cornacHo BapuaHTy B MIPUIIOKEHUH.
Onpenenuts kodpurnent nepenaun ycunutens npu E2=10mB, E1=0u E2=0mMB, £1=20
MB, n3Mepsis BBIXOJHOE HANpsHKEHUE ¢ TOMOIIBI0 BOJIBTMETpA. 3alucaTh pe3yabTaThl B TAOIUILY
4.2 B KOJIOHKY «KyC DKCIIEPHUMEHT.
Hanucatb opMyity U1t BBIXOJHOTO HaIPsDKEHM S, TPU IPOU3BOJIbHOM E1.
Paccunrath Teoperndeckuit Kyc u 3anucarb B Tabnuiy 4.2. CpaBHUTD SKCIIEPUMEHTATIBHBIN U
TeopeTnueckuit Kyc.
3anatecs E1 cornmacHo Bapuanty, £2=10 MB u CHATH MOKa3aHUs BOJIBTMETPA.
Paccuntarh Ugx 110 TOSTydeHHOM (OpMysie U CPaBHUTH C TOKa3aHUEM BOJIBTMETPA.

Cnenatb BbIBOJ. ONIpeieInTh KaKO CyMMaTOp MCCIIEA0BAIIN.

Tab6muua 4.2
Kyc Kyc
E2,MB El, MB UB},]X, MB
SKCIIEPUMEHT TEOPETUYECKUU
10 0
0 20
10

4.3  HccnaenoBaHue MHTErpaTopa

CoOpats cxemy mHTerpatopa puc. 4.3 u OV ycTaHOBUTH Kak B IyHKTE 4.1.

Puc.4.3 UaTerparop
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YcTaHOBUTH IapaMeTphl TEHEPATOPa: KIMKHYTh JIEBOM MBIIIKOW Ha IeHepaTop, MOSBUTCS
OKHO C IapaMeTpaMHM, yCTaHOBUTH NMPSMOYTOIbHYIO (OpMy CUTHaJa, yacToTy Skl 1, 3amosiHeHne
50%, amnnutyny curdana 1 mB, cmemenue 0.

YcranoButh eMKocTh KoHJIeHcaTopa C1=10 n®d, R2=10 MOwm, conpoTUBJICHHE
pesucropa R1 cornacHo BapuaHTy B IPUIJIOKEHHH.

Bxirounts cxemy.

OmnpenenuTh MaKCUMAIIBHBIH KOY(PPHUITNEHT YCUIIeHHs ¢ TOMOIBio bone-moTrepa, mo
YpOBHIO 3710 onpenenuTh Ko3(GPUIIMEHT yCUIeHHUs Ha HUKHEH 1 BepXHel 4acToTe, pacCUuTaTh
I10JIOCY IIPOITYCKaHUsl, BBIXOJIHOE HANPsDKEHNUE, T.€. MT0Ka3aHue BOJIBTMETpa. Pe3yabratel

u3mepenuit u Bua JIAUX 3anectu B Tabnuiy 4.1. CaenaTs BBIBO/I.

4.4 UccnenoBanue aud ¢ epeHIIUPYIOIETO YCHIUTE IS

CoOpats cxemy nuddepeniinaropa puc. 4.4, mapamerpsl OY ycTaHOBUTH Kak B IyHKTE 4. 1.

Puc.4.4 Tuddepenuuarop Ha OY

YCTaHOBUTH IIapaMeTPhl TEHEPATOPA: KIMKHYTh JIEBOM MBIIIKOW Ha IeHEepaTop, MOSBUTCS
OKHO C ITapaMeTpaMHM, YCTAHOBUTb IIPSIMOYroJIbHYIO (opMy curHaia, yactory 1kl', 3amoiaHeHue

50%, amnnutyny curdana 1 mB, cmemenue 0.
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YcranoBuTh eMKocTh KoHieHcatopa C1=100 Mx®d, compoTHUBIIEHUE PE3UCTOPa

R1=20 Owm, R2 coriiacHO BapuaHTy B IPUJIOKEHUH 1.

BximounTh cxemy.

Cusarp JIAUX ycunurens ¢ nomoupto boge-norrepa. OnpeaennTs MaKCHMaIbHBIN
Ko3(ppuIMeHT ycuneHus, no yposHto 3 J[0 onpenenuts Ko3GPUIIMEHT ycUleH!sI Ha HUXKHEH U
BEpPXHEH 4acTOTe, NOKa3aHUE BOJIBTMETPA, PACCUUTATh I0JIOCY IpoIycKaHus. Pe3ynbraThl
u3mepenuit u Bua JIAUX 3anectu B Tabnuiy 4.1. CaenaTs BHIBOI.

CHATh U 3apruCOBATh OCHHUJUIOIPpaMMy BXOJHOI'O U BBIXOJHOI'O HﬁHp?DKGHHfI.

4.5 UccaeqoBanue n30MpaTeIbHOIO YCHIIUTEIS.

Cobpatb cxeMy u30upatenabHOro ycunurens puc. 4.5, napamerpsl OY u napaMeTpsl reHeparopa

YCTaHOBUTH Kak B IMyHKTe 4.1.

Puc. 4.5 30uparenbHblil yCHIUTENb

YcranoBuTh eMKOCTh KoHJeHcaTopa C1=C2 u R2 cornacHo BapuaHTy B IPUIIOKEHUH 1,
conpoTtuBieHue pesuctopa R1=1 kOm.

BrirounTs cxemy.
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Cusrs JIAUX ycunutens ¢ nomonipio boae-nnorrepa. Onpenenntb MaKCUMaJIbHBII

KOA(QPUIIMEHT YCUJICHUSI U KBa3UPE30HAHCHYIO YacTOTy, UCIONb3Ys yKa3arens bone-miorrepa.

CHATB TTOKa3aHuEe BOJIBTMETpA.

Pesynbrarel mokazanuii 1 Bun JIAUX 3anectu B Tabnwuiry 4.1. CaenaTh BBIBOI.

38.pI/ICOBaTB OCHJITIOrpaMMy BBIXOAHOI'O CUTHAJIA.

[Ipu 3anmTe BHITTOIHEHHOM 1a00paTOpHOI pabOTHI CTYACHTY HEOOX0UMO MTpopadboTaTh

BOIIPOCHI AJId CAMOKOHTPOJIA HpI/IBGIIéHHI)Ie B [TPUJIOKCHU U 2.

5. Conepxanme oTuéTa
1. TurynbHBINA TUCT (MpUIOXKEHHUE 3)

2. Ha3zaHue 1 cXeMbl UCCIIEyEMbIX YCTPOMCTB.

3. BeinmosiHenHble 3aganus Taomumna 3.1 u 3.2.

6. Cniucok JiurepaTypbl

1. lpsanuwnuxoe B.A. DNeKTpOHUKA, TOJHBIN KypC JIeKIIUH, 5-¢ uzganue. CII0.:
KOPOHA npusnT, M.: bunom- npecc, 2006.

2. Mapuenko A. JI. OCHOBBI 3JIEKTPOHUKH. YueOHOe Tocodue st By3oB. M.: JIMK
IIpecc, 2009, 296 c.

3. Kuasvrxoea T.O. Koncnekr nexuuii http//hoster.omstu.ru/-moodle, 2012r.

o1

. Mapuenko A.JI., Océanvo C.B. JJabopaTOPHBINA MPAKTUKYM IO 3JEKTPOTEXHUKE U

anekTponuke B cpeae Multisim. Yue6uoe mocobue st By30B. M.: uza-so JIMK
[Ipecc, 2010, 448c.


http://hoster.bmstu.ru/-moodle
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[Tpunoxenue 1 BapuaHTsl 3a1aHuit

HHBEPTHPYIO cymmaTOp uHTerpato | auddepeHnuaTo | u30HUpaTeIbHBI
Bapuan 1 P P C1=C
' R2 kOM RS 1 EL 1 R com R2 kOMm R2 2
kOMm mB kOM ud
1 5 5 15 1 1 16 33
2 9.5 5.5 | 153 1.3 1.3 18 22
3 6 6 15.7 1.7 1.7 20 40
4 6.5 6.5 16 2 2 33 56
5 7 7 16.3 2.3 2.3 24 68
6 7.5 7.5 | 16.7 2.7 2.7 217 33
7 8 8 17 3 3 30 22
8 8.5 85 | 17.3 3.3 3.3 40 40
9 9 9 17.7 3.7 3.7 56 27
10 9.5 9.5 18 4 4 33 33
11 10 10 | 18.3 4.3 4.3 43 47
12 10.5 10.5 | 18.7 4.7 4.7 47 68
13 11 11 19 5 5 56 82
14 11.5 115 | 193 2.3 2.3 78 47
15 12 12 | 19.7 5.7 5.7 82 33
16 12.5 125 | 20 6 6 56 68
17 13 13 | 20.3 1.2 1.2 18 56
18 13.5 13.5 | 20.7 1.5 1.5 20 40
19 14 14 21 2.2 2.2 24 22
20 14.5 145 | 21.5 2.5 2.5 33 33
21 15 15 22 3.2 3.2 56 40
22 15.5 155 | 225 3.5 3.5 50 56
23 16 16 23 4.2 4.2 68 62
24 16.5 165 | 24 4.5 4.5 78 82
25 17 17 25 9.5 9.5 63 56
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[Ipunoxxenue 2

BOHpOCBI I CAMOKOHTPOJIA

UYro Takoe onepanuoHHbIN YCUITUTENb?

st wero BrTtouaroT oopatHbie cBsizu B OY?

OcHoBHbIE cTaTHuecKue napamerpsl OY?

Kakxum mapamerpom onpeaensercs mosoca mporyckanus OY?
OcHoBHBbIE XapakTepucTuku OY?

Kak Biusier OOC Ha nosnocy nponyckanus OVY?

Ha xaxoit u3 BxogoB OV mopgaercs oTpuiiaTensHas oOpaTHas CBs3b?
Kaxkas oTpunarensHas oOpaTHasi CBs3b UCIIOIB3yeTCsl B cxemax ¢ OY?

OcHOBHBIE TapaMeTphl I1enu 00paTHOM CBs3U ?

. Kak onpenenuts kKo3ppUIIMEHT yCUIeHHs C MTOMOLIBIO YaCTOTHOTO aHaJIu3aTopa?
. Uro Takoe miryboKkast oTpHIlaTeIbHas 0OpaTHasl CBS3b?

. Kak 3agate nosnocy nponyckanusi UHBEPTHUPYIOLIETO YCUIUTENS?

. Uto Takoe unTerparop? Cxema. OCHOBHBIE CBOMCTBA.

. YUro takoe muddepennunarop? Cxema. OCHOBHBIE CBOKCTBA.

. Uro Takoe cymmarop? Cxema. OCHOBHBIE CBOICTBA.

. Uro takoe u3buparenbHbiil yeruntens? Cxema. OCHOBHBIE CBOWCTBA.

. Uro Takoe JIAUX u JIOUX?

. Kak MoxHO 3a/1aTh KOO(QPUIIUEHT yCUJICHUSI HHBEPTUPYIOLIETO YCHIINTENS?

. Kak MOKHO C TOMOIIBIO YaCTOTHOIO aHAIM3ATOPa ONPEIEIIUTh 0JIOCY IIPOIYCKAaHUs

MHBEPTUPYIOLIETO YCUIUTENS?
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punoxenne 3 OOpazer TUTYIHLHOTO JHUCTA

MocKOBCKHMH roCy1apcTBEHHbIN TeXHUYECKHUI YHUBEPCUTET

umenn H. J. baymana
Kadenpa «DnexTpoTexHuka v MpOMBIIUICHHAS 3JIEKTPOHUKA
JlabopaTtopnas padboTa
M0 KypCy « DJIEKTPOTEXHUKA U DJICKTPOHHKA »
Ha TeMy «VccaenoBanrne HaIOTOBBIX YCTPOMCTB Ha 0a3e omeparmoHHbIX

YCUJIUTENEID)

Bapunant Ne

BoinmonHui: ctygeHt

rpymnna

[IpoBepui: npenogaBaTeinb

Jara ciauu paboThl HA IPOBEPKY

Or1enka

MockBa 201



