3ansaTue 10
LudpoBbie MUKPOCXEMBI
[HudpoBsie mHTErpanbHbie MUKpocxeMbl (MMC) nipeaHa3zHadyeHbI IS
npeoopa3zoBaHus U 00PaOOTKH JTUCKPETHBIX UMITYJIbCHBIX CUTHAJIOB W BbI-
MTOJITHEHUS JTOTMYECKUX (DYHKIIHH.
B nundpossix UMC ncnonb3yr0T CUTHAJIbI, OJIM3KHAE K IIPSIMOYTOJIbHBIM.
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1. AMIIATYTHBIE TAPAMETPHI
U, - HauanpHOE 3HaYEHHE CUTHAJTA (HU3KUI yPOBCHB);

U, -amminTyzna umiysbca;

AU - cniaj BepIImHBbL.

2. BpeMeHHbIe TTapaMeTphl

[ =1, — 1, - NIATEIIbHOCTh UMITYJIbCA,

[, =1, — I, - JNINTCIbHOCTb BEPILINHbBI UMIIYJIbCA,

+ :
[, =1, — I, - JINTENBHOCTb NEPEIHETO (PPOHTA;
t, =1, — 1, = IIUTEIBLHOCTH 3aJHETO (PPOHTA;
I' =t, —t, - mepuox cie0BaHUs UMITYJIBCOB;

1

= f YaCTOTA CIIEA0BAHUS UMITYJILCOB;

T
() = — - CKBa)KHOCTh UMIIYJIbCOB;

u
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ER
Ecm U, =+4FE, muon 3akpeir, U, _= 2_~09E,
R + R,

(R,>R,).

Bpewms nepexmrouenus 10 ric — 1Hc. Mcrons3yroT B OBICTPOJIEHCTBYIO-
X ycTpoucTtBax. HegocTaTtok: 00sbIas MOINTHOCTh IIEPEKIIOUYCHHS.

Kiiroun Ha OUNIOJAPHBEIX TPAH3UCTOpAX
Hano: £, =58, R, =10kOm,R,, =1000Mm
Huskwuit yposens U, = 0,8 B.

Beicokuii yposens U, , =4 B,
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Pacuet BXOoaHOU 1€

100.000u— i
1| B0OMKA
75.000u-]" -
@ ] x [52189m  v:[2652u
T2 201420 z 50 0004
& e 25 000u=
0.000- . | . J . | ' |
= 0.00 25000m  500.00m 750 8B | 1.0
Input voltage (V)
Puc.10.2

Huskwit ypoBens I ,= 26,6 mxA.
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Pacuet BeixogHou nenu (cxema puc.10.4)

60.00m— _
AM1[2]: 352u[A] |
20 mA=5B/100 Om W, |
|
. A
X |4,59 ¥:|4,14m
- B
= X |25833m v |46,94m
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O 4-B
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BbICOKHI YPOBEHB:
P.=U_ i, =4-352-10"° =1,4 mBm;
Pl =Ei =5.46,9-10" = 243mBm.

K Kmax

Kirodu Ha MOJIEBBIX TPAH3UCTOPAX

[IpUMEHSIOT KOMIUIEMEHTAPHBIE TTOJIEBBIE TPAHZUCTOPHI C U30JIUPOBAH-
HBIM 3aTBOPOM W MHAYLIUPOBAHHBIM KAHAJIOM.
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HocronHcTBa Kiroyer Ha MOII Tpan3ucropax
1. TeXHOTOrHYHOCTHh — M3TOTABIUBAIOTCS B OJHOM IMKJIE C APYTHMU
MOII sanemenTamMm.
2. BeICOKast MIOTHOCTh YIIAKOBKH.
3. Het pe3ucTopos.
4. Hwuzkoe norpeOieHHEe MOIMHOCTH (TOJBKO IIPU IEPEKIIOYCHHH),

OYEHb MAaJIbIN TOK.
& 65—

2.82

A2

\ [\
- \
-1.01 ' I ' | ' l ' |

0.00 250.00n 500.00n 750.00n 1.00u
Time (s)
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CtpykTypa 0a3zoBoro snementa U-HE
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CtpykTypa 0a3oBoro sanementa UJIN-HE
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(I)yHKIII/IOHa.]II)HO INOJIHbBIC CUCTCMbI

JTO HAOOp JIOTHYECKUX 3JIEMEHTOB, C MOMOIIBIO KOTOPBIX MOKHO IO-
CTPOUTH JIFOOBIE KOMOWHAIIMOHHBIE CXEMBI C Pa3HbBIMU JIOTHYECKHMU
(G yHKIUSAMU.

1. A, NJIN, HE

2. U-HE

3. WJIN-HE

Tunbl CepHﬁHbIX JJOI'MY€CKHUX JIJICMECHTOB

[ poBbIE HHTErPAJIBHBIE CXEMBbI OBIBAIOT:
1. NC manou CTENEeHN HHTETPAIAN C YUCIOM TpaH3ucTopoB <100.

2. IC cpenHeii cTeneny HHTErpauu 1 ~ 10°.

3. BUC — Gonbume unTerpanbhble cxemsl 7 ~ 10* =107,
4. CBUC — cBepx0Ooblline MUHTETPAIBHBIE CXEMBI 11 > 10°.

HauoOonee nonynsipasie UC Manoi cTereHn MHTerpanuu

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



TTJI — TpaH3uCTOPHO-TPAH3UCTOPHAs JIOTMKA. BXojHas j10oruka Ha
MHOTO3MUTTEPHBIX TPAH3UCTOPAX, KIOYA C JUHAMUYECKOW HArpy3KOM.
E=5B.

TTJILL — TpaH3uCTOPHO-TpAH3UCTOPHAA JOoruKka ¢ auomamu LIoTTkw.
bonbiioe ObICTpOCHCTBHE.

n-MOII noruka. Bece snementsl 1o MOII Tpan3ucropax. He BbICOKOE
OBICTPOJACHUCTBHE, MaJI0€ OTPEOICHHE.

KMOII — noruka Ha komiuieMeHTapHbIXx MOII Tpan3ucropax. Pabouee
HanpsikeHnue oT 3 10 15 B. CBepxHU3K0€ NoTpedaeHne MOIHOCTH. BhICco-
KO€ OBICTPOTEHMCTBHUE.

[IpuMepbl KOMOHMHAIIMOHHBIX CXEM
N-N-HE

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.
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Tpurrepsl

AcCHHXpOHHBIM RS-Tpurrep
— & | T |2— llepekinroyeHue MpOUCXOOUT Cpa3y NMPpU U3MEHEHUU WH-
(hOpMaIMOHHBIX CUTHAJIOB.

B cuHXpOHHBIX D-TpuUrrepax nMeeTcsa CUHXPOHU3U-

_As| T lo |~ pyrommi Bxox C M NEPEKIIOYEHUE NPOUCXOAMT IIPU
_1p MOCTYIUICHUM HA A3TOT BXOJl CMHXPOHMU3WPYIOIIETO HUM-
e nyibca. Mapopmanus co Bxoaa D 3aHOCUTCS B TPUITEP
) 10 TIOJIOKHUTEIBHOMY TIEpenaay Ha c4eTHOM Bxoje C
—QR 2/ rpurrepa.
_SsTT ol JK- Tpurrep umeeT: BXobl J 1 K YCTAHOBKU TPUT-
I3 repa B coctosaHust J=1 n =0 COOTBETCTBEHHO;, CHH-
— e XpOHM3Upyomun Bxoa C; pa3aelibHbIA BXOJ S aCHH-
_x XpOHHOM yCTaHOBKM Tpurrepa (O=1); pa3aeiabHbIN
—OR 0 — BXx0J R acunxpoHHOro copoca tpurrepa (Q0=0).

Ha mpuzcecepax cmposim cuemuuKu u pecucmpul.

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



CYeTUNKHU UMITYJIbCOB

CYETYMKH NOpEeaHA3HAYECHBI JUIS IIOJCUETAa YHCIa UMNYJIbCOB. C mo-
CTYIUICHHEM KaXXKJ0I0 MMITyJIbca Ha BXOJl C CUETYHMK MEHSIET CBOE COCTOSI-
HHE Ha eauHUIly. CYETUYHKH OBIBAIOT CYMMHUPYIOIIHWE, BBIUUTAIOIIUE, Pe-

BCPCUBHELIC.
S o o @ o s Q,
i, T
_dsTT o _ds T _ds] T O dsTT

c, D - D - D " D

. D—»Qc: —C —C e
'll."’II.Il I:-!l." R = & R R — ! ﬁ.

HI'I.IH}JIL-LI.J

R Yeramonka Wy
ACHHXPOHHBIN CYETUUK HA D- TpUrrepax

B Hauaje cuera BCe TPUITEPHI YCTAHABIMBAIOTCS B HYJIb M C BXOI0B K

1S CHUMAKOTCS aKTHBHEIE YPOBHHU.
Ha cuetnsiii Bxox C1 miepBoro tpurrepa nmocTynarT CYETHBIE UMITYJIb-

ChblI. K&)I(I[I)Iﬁ HUMIIYJIbC U3MCHACT COCTOAHHUC TPHUITCPOB TAK, YHTO HA BbIXO-

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3anstus. 2014.



nax Ql — Q4 dopmupyercs ABOWYHBIA KOJ, COOTBETCTBYIOIIMH YHCITY
CUECTHBIX UMIYJIbCOB.

Monyis cueta K, = 2* =16.

MO,Z[GHB ACUHXPOHHOI'O CUHCTUYHUKA

Ql Y QE;’ Q3 Y Q4 Y

L1 &me 12 &-m—e L3 ¢om—e L4 O-me

U2 SN7474 U3 SN7474 U4 SN7474

U1 SN7474

Puc.10.9
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AHanoro-nugposbie npeodpasoBaTesin

B 31€KTpOHHKE M CBS3W CUTHAJIBI MIPUMEHSIOT B aHAJIOTOBOM U IIU(DPO-
BOM (popMme.

Teopema B.A. KoTeJibHUKOBA

AHaI0rOoBOM HEMPEPHIBHBIN CUTHAJI C OTPAHUYECHHBIM CIIEKTPOM MOKHO
MPEACTABATH MOCJEIOBATEIILHOCTEIO OTCUETOB C IEPHUOJOM JUCKPETH3a-

mn 1 < L
215
A ) JHEPreTUYECKUU CIEKTP
NMITyIbCHBIN CUTHAJ MOXHO BOCCTAaHOBUTH B HE-
IIPEPHIBHBIM.

/B

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.



DTanbl aHAJIOTrO-IIU(PPOBOTO NpeoOpa3zoOBaHUS
1. InckpeTuszanus 1Mo BpEMEHHU

r uct) I’ - ameprypHOE BpeMs mpeodpaso-
BaHUS;
T, . / _ -
N u'(t )-CKOpOCTh HW3MEHCHHS CHT

Aua(tn);"‘zf_\ Haja;
/i Au (t ) - ameprypHas morpemui-

|
i HOCTb.

i JJI1 TapMOHUYECKOTO CUTHAJIa OT-
i HOCHUTEIIbHAs  allepTypHas  MOIrPEII-

P A
— <« u
r In \L HOCTD: 5 - —2 —wl .
¢ U ¢

m
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2. KBaHTOBaHHE IO aMIJIUTY €

Au(t) h — 1mar KBaHTOBAHUSI.

. MaxkcumainbHas MOTPEITHOCTD KBAaHTOBaHUS
Usp -~ =", *0,5h.
A B B h
urbd | 1L N CpenHekBagpaTnyecKkas MOrpelIHOCTE O, ———.
EEERREAE J12

)

0" 1t \ -7 B AIII norpemHocTs KBAHTOBAHUS OIPEEIIs-

I0TCS Kak eauHuia Miaaamero paspsga (EMP).

AnepTypHaﬂ IIOI'PCHIHOCTD 6YI[CT MCHBIIIC ITOI'PCIIHOCTH KBAHTOBAHMA,

h

ecm: 1, < . HacToTa quCKpeTU3aluy BO3pacTaeT.

U @

m

3. KogupoBanue curHaia
JIMCKpEeTHBIC KBAHTOBAHHBIC BEJIUYMHBI IIPE00Pa3yroT B U(PPOBOM KO,

B.A. Anexun. Dnektponuka. [Ipaktuueckue 3ansatus. 2014.
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OnopHOE HaNPSKECHHUE:

u =Th.

ONOpH

Kommaparopsr Ha OY cpas-
HUBAIOT BXOJHOE HaNPSKCHUE

U, ¢ HanpspkeHHMSIMH Ha pe3u-

CTOpax JCINUTENISI U yCTaHABJIN-
BaroT «1», eciu

1
U,>(n—=)h.
> (n=7)

TakTOBBIN UMNYJIBC 3alUCHI-
BAET COCTOSIHUSI KOMITAPATOPOB B
TPUTTEPHI.

[IIndppatop npeoopaszyeT
JTAHHBIE B TPEXPA3PAAHBINA KO,

NmeeM & ypOBHEHM KBAHTO-
BAHUS.



AIIII, paboTarmui MO BECOBOMY METOY

Cxema
O Bsifopru- t k Sempodembo Taxmobeit
Uel XPaHEHUR B ynpabrewus [~ |2exepamop
i Komnapamap

u(z)

Y
Hamsme

UA-ppeps-| Z
pasobomens

Uﬂml% .Eizi Zi Zt‘—ijifif i't:u

Otansl padoThl BocbMupazpsaaHoro AILIIL:
1. ITamMaTh OOHYyIsIETCS.

Umax
2
Ecom U, >U,, coxpansem Z,=1. Ecou U, <U,, obOuymsiem
Z,=0.
3. 3amuceBaem Z, = 1. Cpasuusaem U, — (Z,2"h+ Z.2°h ). Ecin
U,>U,,coxpansiem Z, = 1. Ecm U, < U ,, o6nynsem Z, = 0.

2. 3ammce Z, = 1. Ha Beixome HAII U, = 2'h =
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U

e

ITociie BOCHMH ILIaroB B IaMATH OYIET JBOMYHOE YHCIIO / =

KoMmnencanunonHbi ynciaoBon AILII
U -(Z) Cxema nepexnto- BXOI[HOG HAIIPpSXKCHUC CpaBHH-
o L—E = YEHUA HanpaBnesus
te | - cyema BACTCA C KOMIICHCUPYIOIIUM.
i w2 1 h
UA - npeop- Pebepcubheii wmor | Ecmm U e U ( VA ) > —, CUeT-
pasobamenms [ |  cvemwuk 1 eEHEPAMOP
" ERERRRY! YUK CYMMHUPYET UMITYJIbChI,
- ¢ 2722524232, 21 Z, A

ecIu Ue—U(Z)<§ - BBI-

qUTacT. KOMHGHCI/IPYIOH_IGG HAIIPAKCHHUC OTCJICKHMBACT BXOAHOC. Ha BrIXO-
A€ CHCTUHKaA I[BOI/I‘IHI)Iﬁ KO BXOAHOI'O HAIIPAKCHHAI.
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Iudpo-anajgorosbie npeodpa3oBaTesiu

CYMMI/IpOBaHI/Ie BCCOBLEIX TOKOB
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Buauenus £, ~ Z,= 0,1.
HenocTaTku cXeMbl: MEHSAETCSA HArpy3Ka OIOPHOIO UCTOYHHKA.
[TpUMEHSIOT EPEKUIHBIE KITFOUH.
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IHAII ¢ pe3UCTUBHOM MAaTPHUIIEW MOCTOASHHOTO UMIEAAaHCA
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