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1. 3ananue

Paccuntate mapameTpbl (QYHKIMOHAIBHOTO YCTPOHMCTBA Ha  OMNEPAIMOHHBIX
yeunutenax (OY), GpyHKIuoHampHas cXxeMa KOTOpOro npuBeaeHa B myHkTe 3 «Cxema
¢ynkunonansHas» (Puc. 1.), n obecneunBaromiero:

1) ycunenne HanpsbKeHUs ¢ ¢ K03 PHUIMeHToM nepeaadn no HampsLKeHUo K

2) cll0KEeHHE HANIPSKEHUH U2 U u3 ¢ KodpUIMEeHTaMu repeiauu o HaNpsKEHUIO k2
" k3 COOTBETCTBEHHO;

3) BeIIpSAMIICHHE HANPSKEHUS U4 MIOCIIE CyMMaTopa ¢ KO3 (UIIMEHTOM Mepeadu 1o
HaIPSHKEHUIO k.

Omnpenenuth A7 3alaHHBIX HAMPSOKCHWH U#; U U3 CPETHEBBIMPSIMICHHOE BBIXOTHOE
Hanpsikenue Uy .

3Havenwus u;, us ki, k2, k3 u ky nmpuBenensl B Tadbmmme 1.

Hcrnonb30BaTh OJHOMOIYIEPUOIHOE BBIIPSIMIICHHUE.

Tabnuna 1. YcnoBus mocTpoeHus: CXeMbl

uj, B us, B k] kz k3 k4
0,5sinwt S5sin(wt+90) 3 -2 1,5 1

2. Beenenue

CoBpeMEHHOE HAay4YHO-TEXHUYECKOE Ppa3BUTHE HEPA3PbIBHO CBS3aHO C
MOJIEpHU3AIMEl MUKPO3JIEKTpoHUKU. Celyac TpyJIHO HalTh cdepy AesTEeNbHOCTH
4eJIoBeKa, IJie Obl HE HCIOJIb30BAJIUCH €€ pa3pabOTKU M JocTikeHus. IlosBienue
K&KIOTO HOBOTO TOKOJCHHS HMHTETPATBHBIX MHKPOCXEM  COIPOBOXKIAETCS
M3MEHEHHEM B IMOJAXOJIe K MPUHIIUIIAM MTOCTPOCHHUSI, CTPYKTYype  KOHCTPYHUPOBAHUIO
TEXHUYECKUX CpeacTB U cucteM. llomHoe wHcmonb3oBaHHE BO3MOYKHOCTEH
MUKPOIJIEKTPOHUKU TPU CO3/IaHUU HOBBIX MPUOOPOB U YCTPOWCTB OOECIICUMBAETCS
JUIIb TPU YCIOBUM, €CIH CHELMATUCTBl Pa3HbIX O00JacTel HAayKd M TEXHUKH
OBJIQJICBAIOT OIPEACICHHBIM KOMIUIEKCOM 3HAHUUN MO MPUMEHEHUI0 MHKPOCXEM C
LEJIbIO UX TBOPYECKOTO HCIIOJIb30BAHUSA B ITPOLIECCE pabOTHI.

Oneparmonnsii  ycunutens (OY, operation amplifier) -  ycunutensb

ITIOCTOAHHOI'O TOKa C I[I/I(l)(l)epeHHI/IaJ'IBHBIM BXOJOM M, KaK IIpaBUJIO, CAUMHCTBCHHbBIM
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BBIXOJIOM, HMEIOIIMK BBICOKMA Kod(pduiment ycunenus. OY mnoutu Bcernaa
UCITOJIB3YIOTCSI B CX€MaxX ¢ TIyOOKOM OTpHIIaTeTLHOM OOpaTHOM CBS3BIO, KOTOpAs,
Onmaronmapsi BbIcOKOMY Kod(duimenty ycuneHuss OV, TOIHOCTBIO OmpenesnseT
kodhumueHT mepegadd  TMOMyYeHHOW cXeMmbl. OTmepanroOHHBIA  YCHUIIUTEINb
W3HAYAJIBHO OBLI CIPOCKTHUPOBAH IS BBITOJHEHHS MAaTEMaTHYECKHX OIEpaIlHid,
NyTEM HCIOIb30BaHUS HANPSHDKEHUST KaK aHAJOrOBOM BEIWYMHBI. TakodW MOAXOM
JISKUT B OCHOBE AHAJIOTOBBIX KOMIIBIOTEPOB, B KOTOpPhIX OV HCMOIB30BANIUCH IS
MOJICIUPOBaHUSI 0a30BBIX MaTeMaTHYECKUX oOlepanuid (ClI0KeHHUe, BBIYUTAHUE,
uHTerpupoBanue, auddepenuupoBanue u T.4.). OnHako uneansHbiii OV sBigercs
MHOTO(YHKIIMOHAJILHBIM CXEMOTEXHUYECKUM PEIICHUEM, OH HMEET MHOXKECTBO
MPUMEHEHUN NMOMUMO MaTreMmMaTH4yecKux onepauuil. Peanbabie OY, OoCHOBaHHBIE Ha
TPAH3UCTOpPAX, JJICKTPOHHBIX JaMIlaXx WIM JPYyruX AaKTUBHBIX KOMIIOHEHTAX,
BBITIOJTHEHHBIE B BHUJE JUCKPETHBIX WA MHTETPABHBIX CXEM, SBIISIIOTCS
npubIMxKeHueM K uaeanbHbiM. [lapameTpsl peansubix OY Heckosibko Xyxe. OHaKO
3HaHUE peaJbHBbIX 3HAYEHUM MapaMeTPOB KOHKPETHOTO OMEPAIMOHHOTO YCHUIUTENS
MO3BOJIET JIOCTaTOYHO MPOCTO OLIEHUTH MOTPEIIHOCTh CXEMBlI U PEIINTh BOIPOC O
11e71eco000pa3HOCTH HMCIOIb30BaHusa JaHHOro OY B KOHKpeTHOM ycTpoiictBe. OV
00J1a1a10T MPEBOCXOIHBIMU XapaKTEPUCTHKAMU, OHH YHUBEPCAIbHBI B MPUMCHCHHUH
U UMEIOT HHM3KYI0 CTOMMOCTh. Bc€ 3TO O0O0BSCHSET WX JIOMUHHUPOBAaHUE B
MPOCKTUPOBAHUH aHAJIOTOBBIX SJIEKTPOHHBIX CXEM.

CrouT OTMETUTH, UYTO B TOCIEAHEE BpeMsi BCE Ooublliee 3HAUYCHHWE B MHPE
JIEKTPOHUKE TMpuodperaer nudpoBas »diekTpoHuka. Ho 3HaHMe aHaIOroBOM
ANIEKTPOHUKH HMEET TakKe HEMaJOBa)XKHOE 3HAYEHHE, TaK KakK IOBBIIIAIOTCS
TpeOOBaHMS K KAU€CTBY BXOJHBIX M BBIXOJHBIX aHAJIOTOBBIX CUTHAJIOB JIJIsl IIU(POBOI
TEXHUKHU.

B npanHOil paboTe HEOOXOAMMO TOCTPOWTHh NPHUHIIMIHAIBHYIO CXEMY
ycTpoiictBa Ha OY ® paccuuTaTh €ro mapameTpbl, HMEs B HaJIWYUU
TOXJACCTBCHHYIO (DYHKIIMOHAIBHYIO CXEMY U Ha0Op HAa4YaJIbHBIX JaHHBIX.

OynkiuoHanbHas cxema (Puc. 1.) pa3dbura Ha OCHOBHBIE OJIOKU, UMEIOIIHE

BXOJIbI U BBIXOJBI ¢ 3afaHHbIMM B TaOnure 1 mapamerpamu (K03 UIIMEHTHI



YCWJICHHI U BXOJHbIE HaNpsikeHus). Bce 010ku cXeMbl TOJKHBI OCHOBBIBATHCS Ha
ONEPALMOHHBIX YCUIUTEISAX.

CxeMa J0KHA BKIIOYATh HEWHBEPTUPYIOIIMI YCUIIUTENIb, CyMMAaTOp
HANpSOKEHUH 10 THUMY CIIOKEHUS/BBIYUTAHUSA HANPSOHKECHUH, W OJHO(A3HBIMA
JBYXIIOJIYTIEPUOAHBIN BBIIPSIMUTEIb.

Bce BrimenepedncneHHbe 3IEMEHTHI JOKHBI 00eCreYnBaTh CTAOMIBHYIO
paboTy ¢ HaUMEHBUIMM OTKJIOHEHHEM OT TEOPETHUYECKHX PAacueTOB M 3aJaHHbIX
YCIIOBHM ITOCTPOEHUS CXEMBI.

Bce omepammonHble yCHIMTENH CXEMbI JOJKHBI OO0JNagaTh BBICOKUM
OBICTPOAECUCTBUEM, BBICOKOW TOYHOCTHIO YCHJIEHHUS U BBICOKMM BXOJHBIM
CONPOTUBJICHUEM.

JUist ynporieHus: NpUHUUIIMAIBHON CXeMbl OyJeM CUuTaTh, YTO IJII BCEX
OIECPALIMOHHBIX ycuauTeNew HanpspkeHus nutanuid: Uyoyt = +15B u Uy = -15B.

PacueT TOKOB 1 yka3aHWI WX HAMpaBICHUN B JaHHOUN paboTe HE TpeOyeTcs.

3. Cxema pyHKIHOHAJIbHASA

U,
—»
Yecunumens U 2
Cymmamop U4 o Uo
o Bbipamumerns
Us _

Puc. 1. ®ynkuronanbHas cxema



4. Cxema 3JIeKTpHYECKAs NPUHIUIIHAIbHAS:
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Puc. 2. DnekTpuyeckas NpUHIMIIMAIBHAS CXEMa

5. PacueTHast 4acTh

5.1. I[aHHBIG U3 TCXHUYCCKOI'O 3alaHuA

ki=3
ko=-2
ks=1,5
ks=1

u; = 0,5sinwt, B

u3 = 5sin(wt+90), B

5.2. Pacuer HHBEPTUPYIOLIETO YCUIIUTENS

[Tpumem R = 16 kOm (B cooTBercTBHH ¢ psimom E24 'OCTa 28884-90)
ki=1+Rx/Ry

Ro=(ki—1)-Ri=@-1) 16 kOm = 32 kOm

R> =32 kOwm, uto cootBerctByeT psiny E24 'OCTa 28884-90

u2 =kj -u; =3 :-0,5sinwt = 1,5sinwt, B

5.3. Pacuer HEMHBEPTUPYIOLIETO CyMMAaTOpa

[Tpumem R4 = 150 kOm (B cootBeTcTBUU € psiiom E24 'OCTa 28884-90)
[Tpumem Rs = 150 kOmMm (B cooTBeTcTBUU € psigom E24 'OCTa 28884-90)
ko=Rs/Ry=-2
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R>=R4/ka=150/-2=-75=>R, =75 xOm

k3=R4/R3=1,5

R3=R4/k3;=150/1,5 =100 kOm

Hcxons n3 coOmoaeHs YCIOBUS OaTaHca:

Rs/Ri=Rs/Ro+R4/R;3

Ri=Rs/(R4/R2+R4/R3)=150/2+1,5=43 xOm

R3 =100 kOwm, uto cootBerctByET psany E24 'OCTa 28884-90;

Ri = 43 kOm, uto He cootBercTByeT psigy E24 TI'OCTa 28884-90, mostomy
HE0OXO0MMO B35Th €ro cocTaBHBIM U3 psaaa E24 'OCTa 28884-90 =>

Ri=47 kOM — 4 kOm

5.4. BeixogHOE HaIpsKEHUE YCUITUTENS PACCUUTHIBAETCS 1O opMyIie:

Um,[x = Uex 'KUI

U,. =3-0,5sin ot =1,5sin ot

U,=K,, U, +K,,-U, ==2-(1,5sin ot )+ 1,5- 5sin(wt +90) = —3sin ot + 7,5sin(ct +90) B

U, =A,-sin(o, t+¢,) - BUI QYHKIUH, ONMCHIBAIOIIMN MEPEMEHHOE HANPSHKEHHE
(rme: Ax — MakcHUMalbHas aMIUIATY1a, @, — 4YacTOTa, ¢, - HadanbHas (aza).

Tak kak yactorbl kosiebanuid Uz m Uz paBHBL, a caMu KojeOaHHsSI MPOUCXOMAST B
OJIHOM HalpaBJIEHUHU, TO MOKHO BOCHOJIb30BaThCS (POPMyIaMH AJIsl CIOKEHUS TaKUX

KOJICOaHU.

AMIUTUTY1a PE3yNbTUPYIOLIETO KOJICOAHU:

Ay = A2+ A2 +2- 4, - Ay -cos(p, -9,

A, =J(-4) +7.5%+2-4-7,5-c0890° =/16+56,25 = /140,04 ~ 8,4

HauanbsHas ¢a3a:

A, -sing, + A, -sin @,

I3 =
&P A, -cos@, + A4, -cosp,

_ —3-sin0+7,5-sin90 7,5
—3-c0s0+7,5-cos90 -3

g9, =-2,5= ¢, =arctg(-2.5) = =25

BrixonHoe HanpspkeHHE cyMMaTopa (pe3ynbTHpYIoIee KojeOaHue):

U, =—8,4-sin(wt —25)
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OaHogasHbIi 0AHONONYIEPUOAHBIN BHIIPAMHUTEIb

OnHo(a3Hblil  OJAHONOJYNIEPUOIHBIM BBINPSAMUTENb IIOCTPOEH HAa OCHOBE
unseptupyromero OY ¢ nuogamu VD1 u VD2 B nenu o0paTHOM CBS3H.

[Ipu MonOXKUTENBHONU MOJSAPHOCTH BXOIHOTO HAMPSIKEHUS OYJET OTKPBIT AHOJ
VD1 u oOpaTHas cBsi3b 3ambIKaeTcs uepe3 pe3uctop Ro . Ilpu orpunarensHoit
MOJIIPHOCTH BXOJHOTO HampspKeHHs OyaeT OoTKphIT auoa VD2 u obparHas CBSI3b
3aMbIkaeTcss uyepe3 pesuctop Rio . Takum oOpazom, Ha BbIXOJE Kackaaa OyAyT
IPUCYTCTBOBATh HMITYJIbCHI HampsbkeHus: nojoxkutenbHol noispHoctd (Uor) u
orpunarenbHoil nonsipHocTH (Upz), TO €CTh MMEET MECTO OJHOMNOJIYNEPUOTHOE

BBIIIPAMIICHHUC 110 IBYM BBIXO/daM.

R
[Tpu Us > 0 momyuum Ugr = 0 1 Upz = - Uy (R—"j , anpu Us <0 nomyunm Uz = 0 1
8
R
Uor =Us | 22 |.
RS
Jnsa obecrneuenusi paBeHCTBa Kod(duiveHTa mepenadyd MO JABYM MOJSIPHOCTSIM
R9 RlO
BBIXO/IHOTO HANPsKEHUS] HEOOXOAUMO BBINOJIHUTD YCIOBUE! 2R
8 8

[Tpumem Rio = 100 kOm (B cootBeTcTBUU C psiiom E24 TOCTa 28884-90)
[Tpumem Ro = 100 kOm (B cootBeTcTBUU € psiioM E24 'OCTa 28884-90)
[Tomywaem: Rg = 100 kOm

U, =84/ 00 _ g4
100

Ue =0,638 - 8,4=5,36B
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MoaenupoBanue pa6othl cxembl B cpeje «Electronics Workbench»
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Puc. 3 [IpuHuunuanpHas cxeMa cMOJIeJIMpOBaHHAS



10

kil

Ocuunnorpamma U
- Ocrmtorpamma Uy
Octmmtorpamma U3

Ocumuiorpamma Up;

Puc. 4. OcuminorpaMma HanpsHKeHUN
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6. BeIBOaABI

B xonme BbIMoMHEHUsT JaHHOW pabOThl MBI TO3HAKOMIUIUCH C YCTPOWCTBOM
OIEPAITMOHHBIX YCHIIUTENICH, U3YYHIIN UX OCHOBHBIC MTapaMeTPhl, HAYUHIIHCh CTPOHUTD
IPUHIIAIIMATBHBIE CXEMBI Ha 0a3e ONepaIiioHHbIX YCUITUTEICH.

[lo 3amanni0 HEOOXOAUMO OBUIO MOCTPOUTH (PYHKIIMOHAJIBLHOE YCTPOMCTBO Ha
OIEPAIMOHHBIX YCHIIMTEISAX, KOTOPOE COCTOUT U3 3 OCHOBHBIX OJIOKOB: YCHIIUTEIISA,
CyMMAaTopa, BBITIPSIMUATEISL.

[IpuBeneHHAsT BBHINIC MPHHIMIHAAIbHAS cXeMa (puUc. 2) TEOPETHYECKU
MIOJTHOCTBIO TTOJXOJUT IO 33/IaHHBIM YCIIOBUSIM M COOTBETCTBYET (YHKITMOHATIHHOU
cxeme (puc. 1.). Cxema oOecreuynBacT BBICOKOE OBICTPOJCHCTBHE M BBICOKYIO
TOYHOCTh IPeoOpa3oBaHUi, KOTOpPBHIC HANPSAMYIO 3aBUCAT OT IIapaMETPOB
UCIIOJIb3YEMBIX OIEPAIIMOHHBIX YCUIUTEIICH.

JlaHHBIE TIOJyYEHHBIC ITyTEM BBIYUCIACHHA TNPAKTHYSCKH COBHAIH C

pe3yiibTaTaMi, IIOJTYYCHHBIMHU B XO0AC MOACIIMPOBAHUA pa6OTBI CXEMBI.
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M3m. | Jluct Ne nokym. Ilognuce | Jata (DyHKuUOHa IbHOE ycmpoucmeo Jlut. Macca Macmirab
Pa3pal. : Ha orepayuoHHbIX ycunumersix
[pos. 1:1
POB Cxema 3rieKkmpu4dyeckas
T. xonrp. npuHyunuanbHas
Penens. Jluct 1 I Jlucros 2
H. xoHTp. Bonel TY
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Jos.. Haumerosanue 14 Kon. Moumeyarue
Mukpocxembi
DA1..DA3| K140Y/6 6K0.348.095-03 TY 3
Pe3ucmopsi
C2-33H 0)K0.467.173TY
R1 C2-33H-0,125-47 kOM+5% 1
R2 C2-33H-0,125-75 kOM+5% 1
R3 C2-33H-0,125-100 kOM+5% 1
R4 C2-33H-0,125-150 kOM+5% 1
R5 C2-33H-0,125-150 kOM+5% 1
R6 C2-33H-0,125-200 kOM+5% 1
R7 C2-33H-0,125-200 kOM+5% 1
R8 C2-33H-0,125-100 kOM+5% 1
R9 C2-33H-0,125-100 kOM+5% 1
R10 C2-33H-0,125-100 kOM+5% 1
R11 C2-33H-0,125-100 kOM+5% 1
Luoodki
VD1,vD2| KO510A 0P3.362.100TY | 2
BI'TY. XXX XXX
am. | tucm | Ne dokym. | Modnucs | dama
Zzzﬁ:a @YHKUUOHANBHOE jlhmi ﬂu; - ﬂuc;n =
ycmpotucmeo Ha OY
H. KoHmp. Bonal TY
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