CXEMOTEXHUKA 5BM. UMUTALMOHHOE
MOJIEJIMPOBAHUE OIEPALIMOHHLIX 9JIEMEHTOB

Meroanueckue ykazaHus K BBIMOJHEHUIO JabopaTopHbIX padoT Ne 1-3
YacTs 1



Jlaboparopnas padora Ne 1

MNPUMEHEHUE MOJIEJUPYIOIENA CUCTEMBI MICRO-CAP 10 B
3AJIAYAX ITOCTPOEHUS MPOCTEMIINX IIUD®POBBIX CXEM

[ens paboTel: O3HAKOMIIEHHE C MpPaBUJIAMHU MOJEIUPOBAHUS HUGPPOBBIX

cxeM ¢ nomortpo Micro-Cap 10.

1. METOANYECKUE YKA3AHUA
Monenupyromas cuctema Micro-Cap ucnonb3yeTcs I MOJSITHPOBAHHMS
U(POBBIX CXEM MaJION M CpeHEN MHTETpaIu C 1EJIbI0 UX CUHTE3a U TIPOBEPKU
paboTOCTIOCOOHOCTH.

Micro-Cap 10 — 310 yHHBepcaJbHBIH MAKET MPOrpaMM CXEMOTEXHHYECKOTO
aHanu3a, MpeJHA3HAYEHHBIM I penieHus Mmupokoro kpyra 3amad. C ero
MTOMOIIIBI0 MOKHO aHAJIM3UPOBATh KaK aHAIOTOBBIC, TaK M MU(PPOBBIC YCTPOHCTBA.
B03MOXHO Takke CMEIIaHHOE MOJICTUPOBAHUE aHAIOTO-IIU(MPOBBIX IJIEKTPOHHBIX
YCTPOMCTB.

1.1 OcHoOBHBIE AJIE€MEHTHI TUPPOBBIX CXEM
Jlormueckue osnemeHthl  «IloBToputean» (KS555JIII8) ¢ Tpems
COCTOSIHUSIMHM BBIXOJIa OCYIIECTBIIIOT Mepeaady CUTHANIOB ¢ BXoaa X Ha BBIXOJ
Ipy HAJUYUM YPOBHS JIOTMUECKOro HyJsi Ha ympasiswomiem Bxoae W. Ilpu
HanunK Ha BXoze W ypOBHSI IOTHUECKOW €TUHUIIBI BBIXO/ 3JIEMEHTA MEPEXOIUT B

BBICOKOMMIIEAHCHOE COCTOSIHUE (PUCYHOK 1).
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Pucynok 1 — Bpemennast nuarpamma pa6otsl «IloBTopuTens»



Jlornueckue »snemenThl «Pacmupurtenn» (K155J101) (o6Go3HaueHHBIC
cuMBOJIOM «&», ¢ Bbixogamu K wm E) mpu mogkimodeHMH K pacIiapseMoMy
anementy «U-UJIN-HE» BemonHstor ¢yHkimo «» — KOHBIOHKIIUIO BXOIHBIX
MEePEMEHHBIX, a pacmupsieMbiii dnemeHT — ¢yakiuo «JIM-HE». Coenunsembie
BBIBO/IbI PACIITUPHUTENS U PACIIUPSAEMOro dJIeMeHTa 0003HaueHbl OykBamu E u K, A

1 B, COOTBETCTBEHHO (PHUCYHOK 2).
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PI/ICYHOK 2— IToaknrouyeHue «PaCH_II/IpI/ITeJ'IH» K paclIupsAEeMOMY 3JICMCHTY

Tpurrep J-K (K155TB1) — yHuBepcanpHbBIM ABYXCTYIIEHYATBIM TPUITEP
(pucyHok 3).

BTopast cTyneHb Tpurrepa HMeeT HHBEPCHBIE BXO/IbI YCTAHOBKU S 1 cOpoca
R . Kaxnpiii u3 Bxon0B J 1 K cHaOXeH TPEXBXOJOBBIM JIOTMYCCKUAM DJICMEHTOM,
M03TOMY Y MUKPOCXEMBI TpU Bxoja J u Tpu Bxojaa K. Y Tpurrepa ectb TaKTOBBIN

BX0J C U BBIX0Abl QU Q .
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Pucynok 3 — J-K-tpurrep

VYrpaBiaeHHe COCTOSHHEM TpPUITEpa IO BXogaM S W R IPOMCXOIHUT

corjiacHo taosiuie 1.



Korga Ha Bxomax S M R IPUCYTCTBYIOT HANPSKEHUSI BBICOKOTO YPOBHS, B
TPUITEP MOXKHO 3aMKUCHIBATh MH(MOpMaIuIo yepe3 Bxoabl J u K, m1bo xpaHuTh ee.
CocrosiHus IBYXCTYIIEHYaTOT O TpUITEpa MEPEKIII0YAI0TCS cpe3oM
MOJIOKHUTEIIBHOTO TAKTOBOTO UMMy Ibca. JK—nH(pOopMmaIus 3anuchiBacTCs B IEPBYIO
CTYNEHb, KOTJIa HANPSHKEHUE TAKTOBOTO BX0Ja C MEPEXOAUT HA BBICOKUN YPOBEHB
U TIEPEMUCHIBACTCS BO BTOPYIO CTYNEHb MO OTPUIATEILHOMY Mepenaay TaKTOBOTO

umiyisca ot 1 k 0 (tabnura 2). CocTosiHus BbIxo0B Q 1 Q oIpeseeHbl, €ClTd Ha

BXOJIbl S M R OJHOBPEMEHHO IMOJATh HANPSIKEHHE HU3KOro ypoBHA. Kpome Toro,
CUTHAJIbI HA BBIXOJAX HE MEHSIOTCS, €CJIM Ha BXOJe C IPUCYTCTBYET HANPSKEHUE
BBICOKOT'O YPOBHS.

Bxoapl S ¥ R — aCHHXPOHHBIE C aKTUBHLIM HU3KUM ypoBHeM. Koria Ha oTn

BXO/IbI [TOIaHBI IPOTHBOIOJI0KHEIE YpoBHH 1 1 0, BXoabl C, J u K nelictBoBaTh He

OyIyT.
Tabmuma 1
[lepexons! Tpurrepa B R-S-pexxnme
Pesiint baGOTLI Bxonsl Brixoanl
P S R Q Q
ACHHXpOHHAs YCTaHOBKa 0 1 1 0
ACHHXPOHHBIN cOpOC 1 0 0 1
Xpaneunue 1 1 Q Q
HeonpeneneHHoCThH 0 0 1 1
Tabmuia 2
[lepexoasl J-K-Tpurrepa B CHHXpOHHOM pexuMe
Pesicint paGOTLI Bxonsbl Brixoanl
P S| R|c|J|K]|]Q]|Q
3arpyska 0 (copoc) 1 1 1 0 1 0 1
3arpy3ka 1 (ycTaHoBKa) 1 1 1 1 0 1 0
Xpanenue (HET U3MEHEHHUI) 1 1 1 0 0 Q | Q
I[Tepexmouenre (CYETHBINA PEKIM) 1 1 1 1 1 Q Q




Tpurrep J-K B cMHXpOHHOM pe:kuMe

Ha Bxomax J u K Tpurrep umeer mpexsxooosgvle Iorudeckue cxeMbl «».
Tpurrep nepexitoyaercsi TOIBKO MO ASHCTBHEM CHHXPOHU3UPYIOIIETO UMITYJIbCA.
OT0 Heo0XoauMO TMpH paboTe C HECKOJbKUMHU TpUTTEpaMH, HampuMmep, B
peructpax, s oOecrieueHHsl OAHOBPEMEHHOro MpueMa MHQOpMaluu B y3lax
[IBM.

YnpaBieHue TPUTTEPOM B CHHXPOHHOM pPEXKHUME BO3MOXKHO TOJBKO MpHU
OJHOBPEMEHHOW TMOAaye pPa3HOMOJSPHBIX CUTHaIOB Ha Bxoael J u K u
CHHXPOHHU3HpYIOIero ummyssca. [Ipu nonade Ha Bxonbl J u K HyJeBoro curaana
TPUITEP COXPAHAET MPEIbIIYIee COCTOSTHHE.

[Ipu momaue Ha BXOIbl TpPUITEpPA TOJBKO CHUTHAJNa CHUHXPOHHU3ALUU OH
paboTtaeTr B cueTHOM pexxuMe. CUETHBIN peKuM peanu3yercs, eciid Ha Bxojabl J u K
nogaHa eguHuna (+5 B).

Bpemennsie guarpammbl pabotTel J-K-Tpurrepa B pasiUyHBIX peEKUMAax

IIPE/ICTABIICHbI HA pUCYHKAX 4 U 5.
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Pucynok 4 - Bpemennas nuarpamma pabotsl J-K-tpurrepa

Pucynok 5 - Bpemennas nuarpamma J-K-tpurrepa (C4eTHBIN pexiMm)



D-tpurrep (K155TM2)
Tpurrep Tuma D (pucyHok 6) moxeT paboTrath B ABYX pEXKHUMax:
CUHXPOHHOM — YIIPaBJICHHE MpPOU3BOAUTCS N0 BXoay D, M acMHXpOHHOM —

ynpasieHue no R-S-sxogam.
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Pucynok 6 — D-tpurrep

D-Tpurrep B CHHXpOHHOM peKHMe

Tpurrep nepekiroyaercsi pu mnepexoje curHana Ha Bxoge C oT HU3KOro
ypoBHs (Jormueckuii () K BBICOKOMY ypoBHIO (fornyeckas 1). B Tabmume 3
NIPUBEICHBI COCTOSIHUSI TPUTTEPA B CHHXPOHHOM peskuMe padoter: Q(t) - ucxomuoe
COCTOSIHME 10 Toaa4yu cuHXpoummynbca, Q(t+1) - cocrosiHMe Tpurrepa 1o

OKOHYaHUH BO3H€ﬁCTBHH CUHXPOUMITYJIbCA.

Tabnuna 3
[Iepexonsl D-Tpurrepa B CHHXpOHHOM PEXUME
Pesiciint paGOTLL Bxoasbl Bruixoabl
P R|S|C|D|QW|Qn | Qu+l) | Q+1)
3arpyska 0 (c6poc) 111 ]o0o] o0 1 0 1
Barpyska l(ycramoka) | 1 | 1 | | | 1 0 1 1 0
3arpy3ka 0 (copoc) 111 ]1]0 1 0 0 1
Barpyska I(ycranoBka) | 1 | 1 | [ | 1| 1 0 1 0

Tpurrep sABISETCA DJJIEMEHTOM 3aICpPKKH, TAaK KakK IEPEKII0YaeTCs
nepegHuM (POHTOM CHUTHAJla CHHXPOHM3AIMM, YTO IIOKa3aHO Ha BPEMEHHOMN
JrarpaMMme Ha pUCyHKe 7.

D-tpurrep B R-S-pesxkume

[lepekntoueHne Tpurrepa NPOU3BOAUTCA CUTHAJIAMU HHU3KOrO YPOBHS,

10JJaBaeMBIMH Ha BXOJ1 cOpoca R miu BxoJ ycTaHoBKU S (cM. Tabmnuma 1).
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Pucynok 7 — Bpemennas nuarpamma padotsl D-Tpurrepa

CnBoennbiii nemudparop 2-4 (K155U/14) (pucyHOK 8) MOKET BBIOJIHATh

dbyHkuuu nBoMHOrO gemudparopa 2-4, JIBOMHOrO MyJbTUILIEKcopa -4,

nemmdparopa 3-8, myapTuIIIeKcopa 1-8.

Muxkpocxema paemmppaTopa uMMeeT aBa aapecHbix Bxoma SE1 um SEZ2,

NpCaAHa3HaYCHHBIX AJIs1 OAHOBPCMCHHOI'O YIIPABJICHHUA BBIXOAHBIMH COCTOSHHAMU

nemdpaTopoB Kaxka0M U3 IBYX YacTei cxembl. B ka0l 4acTu CXeMbl UMEIOTCS

OTJieNbHbIE CTpoOupyronme BXoasl: C1, D1 — nus BepxHeii rpynmsl, €2, D2 —uis

HIVDKHEW TPYTIIIBL.

—0C1
—{D1

—SE1
—SE2

DC

Pucynok 8 — CnBoennsrii gemmdpatop 2-4

PexxuMbl paboThl cIBOEHHOTO AemrdpaTopa MpuBeaeHBI B TabIuUIE 4.



Ta0nuua 4

Tabnuia HICTUHHOCTH COCTOSIHUM CABOCHHOTO Jeiudparopa

CoCTOSIHHSA BBIXOI0B
CocTosiHHS BXOJIOB Temmdparop 1 Temmpparop 2
SE1|/SE2| c1 | p1 | C2 | D2 10|11 (12 |13|20|21|22) 23
X X 1 X 1 X 1 1 1 1 1 1 1 1
X X X 0 X 1 1 1 1 1 1 1 1 1
0 0 0 1 0 0 0 1 1 1 0 1 1 1
1 0 0 1 0 0 1 0 1 1 1 0 1 1
0 1 0 1 0 0 1 1 0 1 1 1 0 1
1 1 0 1 0 0 1 1 1 0 1 1 1 0

Ipumeuanue: X - 3nauenue cuenana Ha eéxode moboe (0 umu 1), He enusem Ha cocmosiHue

8bIX0008.

JBouunblii pemmdparop 3-8 (K155U/A7) (pucyHok 9) obecrieuuBact
npeoOpazoBaHre TPEXpa3psaIHOTO JBOMYHOTO YMCIIa, ToaBaeMoro Ha Bxonabsl DO,

D1, D2 B yuuraphsiii kox Ha Beixogax — 0, 1, ..., 7.

— D0 De
— D1
— D2
—VO0
—oV/ 1

—W2

Pucynok 9 — JIBonunslii gemmdpatop 3-8

O EWN=20

Beixon nemmdgparopa, COOTBETCTBYIOIINA BXOJHOM KOJAOBOM KOMOWHALIWH,
MMEET HU3KUN YPOBEHB, OCTAJIbHBIE BBIXO/bI — BBICOKHUH.

OyHKkuMOHUpPOBaHUE AemupaTopa pa3pelieHo Mpu JOTMUYECKON €IMHULE
Ha Bxoze VO u JoruyeckoM Hyse Ha 060MX Bxoaax — V1 u V2.

PexxuMbl paboThl TBOMYHOTO JenudpaTopa MPUBEACHBI B TAOIHIIE .




Tabmnuma 5

Tabnuia HICTUHHOCTH COCTOSIHUM ABOMYHOTO Aemudparopa

CocTosHHusa BXOJ0B CocTosIHHUS BBIXOJIOB
DO | D1 | D2 | VO |Vl |V2 0 1 2 3 4 5 6 7
0 0 0 1 1 0 1 1 1 1 1 1 1 1
0 0 0 1 0 0 0 1 1 1 1 1 1 1
1 0 0 1 0 0 1 0 1 1 1 1 1 1
0 1 0 1 0 0 1 1 0 1 1 1 1 1
1 1 0 1 0 0 1 1 1 0 1 1 1 1
0 0 1 1 0 0 1 1 1 1 0 1 1 1
1 0 1 1 0 0 1 1 1 1 1 0 1 1
0 1 1 1 0 0 1 1 1 1 1 1 0 1
1 1 1 1 0 0 1 1 1 1 1 1 1 0

CaBoennblii myabTumiekcop 4-1 (K155KI12) (pucynok 10) mosBossier
pelIaTh CIeayIoIne 3a1a4n:
—  BriO0op HHGOPMAIIMOHHOTO KaHATA;
— Peamuzanuss  mormyeckol  (QYHKIMU — MapalljieIbHO-TIOCIEIOBATEIBHOTO
npeoOpazoBarers;

- MYJIBTI/IHJICKCI/IPOBaHI/Ie C UCTBIPCX JINHUU Ha OJHY.

A0 [ms
A1

A2 A —
A3
V1
DO

—
— D1
—

D2 D —
D3
V2
St
S2

Pucynox 10 — CnBoeHHbIi MynbTHILIEKCOp 4-1
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Curnan Ha BBIXOAC MYJIbTHUIIJIICKCOPA C KaHaJia, OIIPCACISICMOro aapCCHbIMU

Bxomamu S1 u S2, mosBIS€TCS TONBKO MPU HAIMYMK HAa COOTBETCTBYIOIIEM BXOJIE

V ypOBHs JIOTUYECKOTO HyJIs (Tabnuna 6).

Tabnura 6
Ta6Jmua HNCTHUHHOCTHU COCTOSIHI/II71 CIABOCHHOI'O MyJIBTI/IHJICKCOPa

Aiiz;i?e Bxonpl BepxHUE Brixon Bxoxap! HUXkHHNE Brixon
S1 | S2 |AO| Al | A2 | A3 | v1 A DO(D1|D2|D3| v2 D
X X X X X X 1 0 X | X | X | X 1 0
0 0 0 X X X 0 0 O | X | X | X 0 0
0 0 1 X X X 0 1 1| x| X | X 0 1
1 0 X 0 X X 0 0 X1 0| x| X 0 0
1 0 X 1 X X 0 1 X | 1] x| X 0 1
0 1 X X 0 X 0 0 X | X | 0| X 0 0
0 1 X X 1 X 0 1 X | x| 1] X 0 1
1 1 X | X | X 0 0 0 X[ X[ x1]0 0 0
1 1 X X X 1 0 1 X | x| x |1 0 1

Ilpumeuanue: X - 3HaueHue cuenana Ha éxoode awbdoe (0 unu 1), He enusem Ha cocmosHue

8bIX0008.

MyabsTaiuiekcop Ha 8 xkanajoB (K155KI17) (pucynok 11) ocymiecTBisieT

nepenavdy nHpopmanuu ¢ ogHoro u3 Bxoaos DO, D1, ..., D7, BeiOpaHHOTO 10 KOAY

aapeca Ha agpecHbIx Bxomax A, B, C npu HanmMuuu mOTEHIMAIA HU3KOTO YPOBHS

Ha BXojie V Ha BBIX0j (Tabimuma 7).

Pucynok 11 — Mynbtumnnekcop Ha 8 KaHaJIOB

MS

Y1

Y2

11




Tabmuua 7

Ta6Jmua HCTUHHOCTHU COCTOSIHUI MYJBTHUILIICKCOpA Ha 8 KaHaJI0B

CoCTOSIHUA BXOJI0B CoCTOSIHUSA BBIXOI0B
UH(GOPMAITMOHHBIX aJIPECHBIX | IPSIMOTO | ”HBEPCHOI'O
D0|D1|D2/D3|D4|D5/D6|D7| v |A|B|C Y1l Y2
X X [X[X|X[|X|X| X | 1]|X|X]|X 0 1
O|X|[X|X|X|[x|X| x| 0]O0|O0O]O 0 1
1 [ X | X|X[X|X|X| x| 0/[0]0|O0 1 0
X0 X[ X|X|Xx|X| x| 0]1/0]|O0 0 1
X1 X|[X|X|X|X|x]0]1/0]|O0 1 0
X|IX[|0[X|Xx|x|xXx|x|]0]0[1]|O0 0 1
X|IX[1[X|Xx|x|X|x]0]0[1]|O0 1 0
X|IX[X|[0|x|x|x| x| 0]1|1]|O0 0 1
X|IX[X|[1|x|x|x|x|]0]1l1]|O0 1 0
XX | X[ X|0|x|x| x| 0|0]0]1 0 1
XX | X[ X|1|x|x| x| 0|0]0]1 1 0
X|IX|X|[X|Xx|0|x| x| 0|1]0]1 0 1
XX | X[ X|x|1|x|x|]0|1]0]1 1 0
XX | X[ X|Xx|x|0lx |0 |0]1]1 0 1
XX | X[ X|Xx|x|1l|x|]0|0]1]1 1 0
XX | X[ X|X|x|x|0]0|1]1]1 0 1
XX | X[ X|Xx|x|x|1]0|1]1]|1 1 0

Ipumeuanue: X - 3Hauenue cuenana Ha éxoode awbdoe (0 unu 1), He énusem Ha cocmosHue

8bIX0008.

Yeroipexpa3psianblii myjabTumiiekcop 2-1 (KP531KII11) (pucynok 12)

OCYIICCTBIISIET Tiepenadyy WHPOPMAIMK C OJHOTO W3 JIBYX
BXOJIOB, BBIOPAHHBIX C TOMOIIBIO aIpECHOTO curHaia V, Ha
BBIXOJ TIPM HAIMYMM Ha BXoje W CHTHaIa HU3KOTO YPOBHSL.
[Ipu momaue Ha BXOox W CHTHala BBICOKOTO YPOBHS BCE
BbIx0/bI YO, Y1, Y2, Y3 MyabTUIIIEKCOpa yCTaHABIUBAIOTCS B

COCTOSIHUE BBICOKOTO UMIlejaHca (Tabmauua 8).

—1AO0
—1A1
—1A2
—1A3

—1B0
—1B1
—1B2
—1B3

1V

—W

MS

YO0

Y1

Y2

Y3

Pucynok 12 — Yetsipexpa3psaaHblii MybTUILIEKCOp 2-1
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Tabmnuma 8

Ta6J'II/IHa WCTUHHOCTH COCTOSIHUU YCTBIPCXPA3PAAHOTO MYJIbTHUILNICKCOPA

CocTosHHs BXOI0B CocTosHHS BBIXOIOB
UH(GOPMALIMOHHBIX _

AO | BO|Al1|Bl1|A2|B2|A3|B3 w v YO vl Y23
X [ X | X | X | X|X]|X]|X 1 X Y Y Y Y
O/1/]0|1[0]1]0/1 0 0 0 0 0 0
1,0(1(0|212(0]1]0 0 0 1 1 1 1
1,0(1}0|212(0]1]0 0 1 0 0 0 0
o(1/011,0]1|0]1 0 1 1 1 1 1

Ilpumeuanue: X - 3nauenue cuenana Ha 6xode noboe (0 unu 1), He erusiem Ha cocmosHue

8bIX0008.

1.2 OcHoBHBIE 3TaIbl MOJCIMpoBanus B Micro-Cap

Jj1s TOoro 4T0OBI MPOBECTH UMUTAITMOHHOE MOJICITUPOBAHKE, HEOOXOIMMO U3
nyHkta MeHio «KommoHeHTh» BbIOpaTh moameHto «Russian Digital», otkyma
BBIOpaTh HEOOXOAMMBIN 3JEMEHT W TOMECTUTh €r0 Ha CTOJ MOJEIHPOBAHUS
(pucynok 13). JlanHas mpoiieypa HOBTOPSIETCSI CTOJBKO pa3, CKOJbKO HYXHO IS
TOTO, 4YTOOBI BCE DJJIEMEHTHl LHM(PPOBONH CXEMbl HAXOJUIUCh Ha CTOJIEe
MOJICTTUPOBAHUSI.

st coenuHeHus BBIBOJOB JJIEMEHTOB HEOOXOAMMO BbIOpaTh «KomaHbl
rpaduueckoro pemakropa» B IMyHKTe MEHIO — «OMNIUW» WM BOCIOJIB30BATHCS
MKOHKaMH U3 MaHEJI UHCTPYMEHTOB (pUCYyHOK 14).

st mpoBepku pabOTOCTIOCOOHOCTH CXE€MbI HEOOXOJUMO OTKPBITH IMYyHKT
MeHI0 «AHanmu3» U BbIOpaTh «VccaemoBanue mepexoIHbIX mporeccoB B Probe...»
WIA WCNONB30BaTh coderanue kiasum «Ctrl + Alt +1» (pucynok 15). B
MOSIBUBILIEMCSI THAJIOTOBOM OKHE «AHAJIM3 IMEPEXOTHBIX MPOIECCOB Transienty
MOHO HaOJII0IaTh BPEMEHHBIE JUarpaMMbl paOOThl UPPOBOM CXEMbI (PUCYHOK

16).

13
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- Analog Primitives (258)

- Analog Library (21754)

- Digital Primitives (88)

- Digital Library (2050)
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- Analog Primitives (2)
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- ANY (3)

(s s .l eyl e s Ry oyl

o--=--F-FE-E-E-E -

Analog Primitives »
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Animation
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Analog Primitives 2

Russian Analog

Russian Digital

Mowck KoMMNoHEHTa

1 KR531KP11

2 K155KP7

Ctrl+5Shift+F

3 ©ukcupoBaHHeIii 0

4 MukcmposadHan 1

5 K155KP2
6 K555LP8
7 K155LD1
8 K155LR1
9 Gendx2
10 K155TW1

-- BydrepHBIE 3NEMEHTEI

Gend:x?

i GenRand

m

Pucynok 13 — Mento «KoMIOHEHTBI»

KoMnoHeHTwI

OkHa Onuywm  Adanmzs  QunbTpol

« Ero-+ 4 d BOBEO
2 & @ am Y w5y Y —
AY »
BydepHble 3neMeHTEI 4
leHepaTopel 4
Jewngpatopel 4
M, unw, He 3
M-nnn-He L
Komnapatopei 3
KoHcTanThl 4
KoHTpoAb YETHOCTH r
MyneTunnekcopel »
o3y 2
Perncrpei 4
CymmaTopel 4
CueTumnim 4
Tpurrepe 4
DoprMnpoeaTeni 4
WnHe! +
LWudpatope 4
JNEMEHTEI C OTKPEITEIM KOANEKTOROM »

Moge.

b Bz B X +

o e W 4 R

A~ T NEBE~FiGHE | ap -
(Ctrl+W)

1 1
lMeHeparap s 3
LUMdPOBLIX Tx1 ) in 2] &
CUrHAMNoB 2p r

_ Tx2 2n
T=100ns — 3
211

Pucynoxk 14 — Coenunenue 371eMeHTOB [TU(GPOBOM CXEMBI
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| AHanms | Ounetpsl Mogens Momolub

AHanws nepexoaHbix npoueccos (Transient)... Alt+1
YacTotHoIA aHanns (AC).. Alt+2
AHanus no noctoaHHomy Toky (DC)... Alt+3
AdnHamMmueckmid aHanns no noctoaHHomMy Toky (Dynamic DC)... Alt+4
AWHaMMUeCcKMA YacToTHeIA aHanns (Dynamic AC)... Alt+5
AHanwWs YyBCTEMTENLHOCTK (Sensitivity)... Alt+6
AHanws nepeaatouHsix xapakTepuctvi (Transfer Function)... Alt+7
AHanws rapMmodMueckMx ckaxedumid (Harmonic Distortion)... Alt+8§
AHANWM3 HenWHeAHbIX MckaxeHWd (Intermodulation Distortion)... Alt+9
Wccnepoeanve nepexoaHsix npoueccos B Probe... Ctri+Alt+1
WiccneposaHme YacTOTHLIX XapakTepucTUk B Probe... Ctrl+Alt+2
Wccneposanve xapakTepycTvk Mo NnocToaHHomMy Toky B Probe.. Ctrl+Alt+3

Pucynok 15 — Mento «AHanuzy»

AHanws nepexoiHblx npoueccos Transient E\E
R 28 v LS <A EEIMEEEIE |2 & 85 B
AN LAY A A B (BEIP R RQRAQAUSF

circuit.cir

Pucynox 16 — Bpemennsle quarpaMMbl pabOThI JTOTHUECKUX d1eMeHTOB «M» 1 «JIN»

2. OBIIME TPEBOBAHUS BE3OITACHOCTHU

K BbmmosHeHnto 1a00paToOpHBIX padOT CTYIAEHTHI JOIMYCKAIOTCS TOJBKO
nocJie MPOoBEACHUS MPernoJaBaTesieM HHCTPYKTaXKa 1Mo BOIpPocaM O€30MacHOCTH U
METOJIMKE BBITIOJHEHUSI PabOT C 005S3aTeNbHON OTMETKOW B COOTBETCTBYIOIIEM

«KypHane no TexHuke 6€30MacHOCTH.
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[lepen BeimonHEHHEM 1a00PATOPHBIX PAOOT CIAEAYET:
1. Ocmotpets pabouee mecTo U moAroToButh [IK K BhIMONHEHUIO TAOOPATOPHOI
paboThI.

2. y6eI[I/ITBC$I B HAJIMYMH 3a3CMJICHUA UCTOYHUKA ITUTAHMA.

[Ipu BBITIOTHEHNH JTA00PATOPHOH PabOTHI HEOOXOIUMO:
1. [lonnepxuBath Ha paboueM MeCTe YHCTOTY U TOPSJIOK, COOIIOJATh
OCTOPOKHOCTH ¥ OBITh BHUMATEIHHBIM.
2. Hemennenno otkimtounth [IK OT muraromiedd ceTw Ipu IMOSBJICHUU 3araxa

rapu, AbiMa, OrHs, IIPU HCKPCHUHU KOHTAKTOB.

3. IIOPAJOK BBITTOJIHEHMA PABOTHI

1. Tlomy4yuTh BapuaHT 3aJaH¥sl Y TIPEIIO1aBaTeds.

2. B JoMamHMX YCIOBHSX BBINOJIHHTH TEOPETHUYECKYIO, pPaCUCTHYIO H
rpadUyYecKyr0 YacTH 3aJaHus B BHUJC TPEIBAPUTEIHLHOW COCTABIISIFOIICH
OTYeTa.

3. IIpouseectn monenmupoBanue cxeM B Micro-Cap 10 u npoaHaM3upoBaTh UX
pabory.

4. PesynbTarhl pabOTHI TOKA3aTh MPENOaBaTENIO.

5. OdopMuTh OTUET.

4. 3AJAHME K JIABOPATOPHOI PABOTE

3aganue Kk JabopatopHoit paboTe dopmupyercs mno Tabiuie 9 B
COOTBETCTBHUH C BAPUAHTOM, TIOJIYYCHHBIM y MpPETogaBaTes.
Tab6muma 9

NunuBuyanbHbIC 3a1aHAS

Ne Peann3oBaTh JIOrH4eCKy 10
IIpoBepurs padoTy dj1eMeHTa
BapUaHTa pyHkumio
X, X, v X3 X1 JIBouuHbIi gemudpaTop
2 X, X2 v X, X, X3 J-K-Tpurrep cMHXpOHHBIH
3 (X, v X2)(X1v X)X, MynbTUIIIEKCOp Ha § KaHAJIOB
4 (X, X, v X,X;)X, R-S-Tpurrep acCMHXpOHHBIHI
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[Tponomxenne TadauIsr 9

XX, v X, X; v X,

D-tpurrep CHHXpOHHBIN

Xp/?z v X vY1x3

CIBOEHHBII MYJBTUILIIEKCOD

Yerbipexpa3psaaHblii MyIbTHILIEKCOP

X, X, v X, X, v X1 X2

CnBoeHHbIH nemudparop

5
6
7 X, X, X, v X1 X2 X3 v X, X,
8
9

(Xyv X, v Xs)(zvx_zvx_3)

J{BonuHbIN genudparop

10 [ X, X2Xsv X1X, D-Tpurrep CHHXpOHHBIN

11 [(X, v X,)(X, v X )(X1v Xa) | R-S-Tpurrep aCHHXpOHHEIH

12 (X, v X)X, v X)) v X X, CIBOEHHBIH MYJIBTUILIEKCOD

13 | X, X,V XX, CuBoeHHbIH gemudpaTop

14 (X, v X,)(X, v X)X, MyNBTHIIEKCOD Ha 8 KAHAJIOB

15 | XX,V X, X5V X1X3v X1X2 |[UeTbIpexpa3psaHbIii MyTbTHIIIEKCOD
16 (Xy v X, (X, v X2))(X1v X;)  [J-K-TpHrrep CHHXpOHHBIH

> W poe

5. COAEPXAHUE OTYETA

OtuyeTt o 1abopaTopHOM PadbOTE TOKEH COJIEPIKATD:

TPITynBHBIﬁ JIUCT,

HWHIWUBUAYAJIbHOC 3a1aHUC,

TaOJIMIIBI UICTUHHOCTH JIOTHYECKOW (DYHKIIMHU U MPOBEPSEMOT0 AJIEMEHTA,;

CXEMBbI, TIOCTPOCHHBIEC B Mojienupyroiiei cucreme Micro-Cap 10;

BPEMEHHBIE THAarpaMMbl padOThI IIU(PPOBBIX CXEM.

6. KOHTPOJIBHBIE BOITPOCHI

J-K-tpurrep: pexxumbl paboThl, IEPEXOIbl, BDEMEHHBIE AHATPAMMBI.

D-tpurrep: pexxumMbl pabOThI, TEPEXObI, BDEMEHHBIE THArPAMMBI.

Jns yero ciykar jiorudeckue 35eMeHThl «[loBTroputens» u «Pacmmpurensy?

Ckoinbko kopnycoB MC He0OX0auMo JUisl peain3aluy JOTHYecKor GyHKIUU

F =X, X, X, v X, XX v X, X Xg ?

Kaxk otpaxaercst Ha paboTe JIOTHYECKOTO 3JIeMEHTa HEHCIIOIb3YEMbIi BXO?
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Jlaboparopnas padora No 2

KOJIUPYIOIIUE YCTPOMCTBA

]_ICJ'IB pa6OTI)I: I/ISY‘{CHI/IC IMPUHOUIIOB CHHTC3d U MCTOAUKH OLICHKH Ka4CCTBa

Pa3INYHBIX CXEM KOAOBBIX Hp606p330BaTeJI€I>'I.

1. METOAUYECKUE YKA3AHUA

B mudpoBbix  ycTpoilcTBax  4YacTO  BO3HHMKAeT  HEOOXOIUMOCTb
NEePEKOANPOBAHUS YHCEJ, T.€. MPEJICTABICHUA UX B WMHOM KOJie. YCTpOICTBA,
npeoOpa3yroue MHOTOPA3PSIAHBIA BXOJIHOM KOJ B BBIXOJIHOM KOJ, HA3bIBAIOTCS
KOAMPYIOIIUMH YCTpolcTBaMU WM KoA0BbIMH mnpeodpa3zoBateasavu (KII).
Ha3panue B 0OJbIION Mepe YCIOBHO, IMOCKOJBKY Jt000€ HU(POBOE YyCTPOHUCTBO
npeo0pa3yeT HEKOTOPBIA BXOJHON KOJI B HEKOTOPBIM BBIXOJIHOM, T.€. SBISETCS
KOJIOBBIM INpeoOpa3oBaTesieM. byleM NpuUMEHSTh 3TOT TEPMHUH K y3jaM, padora
KOTOPBIX HE OINKCBIBAETCA JOCTAaTOYHO MPOCTBIM QJITOPUTMOM, a 3aJaceTcs
TaOJIUIEel COOTBETCTBUS BXOJIOB U BBIXOJIOB.

Cy1iecTByeT HECKOIbKO crmoco0oB peanu3aruu KIT:
— Ha MOCTOSIHHBIX 3anmoMuHaromux ycrpoicteax (I13VY);
— Ha MporpaMMupyemsix Jiorudeckux marpunax (IJIM);
— Ha OTHEJIbHBIX JOTUYECKUX MUKPOCXEMAX.

B 3aBucumocTH 0T TpeOOBaHUM, TPEABABISIEMBbIX K TPpeoOpa3zoBaTENtO KO/a,
JUISl €ro peaju3alliy BEIOMpaeTCs OJMH W3 BBINICYKa3aHHBIX COCO00B. B manHoM
Ja0opaTopHOil paboTe MCMONB3YeTCs TPETUH Croco0 peanu3aluu - nocmpoeHue
KII ha omoenbHbIx 102UYECKUX dNIeMeHmax.

Ecnu mpeoOpaszoBaHus CI0KHBIE, TO MMPEOOPA30BATEIH, BHITIOIHSIONINE HX,
KaK MPaBHUJIO, HE TOJAIOTCA JOCTATOYHO MPOCTOW KIIACCU(DHUKAIMNA M UX CXEMBI
MPUXOJUTCS pa3padaThIBaTh KaXIbIM pa3 HMHAUBUIYATbHO, HMCIOJIB3Ys OOIIHe

MIPUEMBI aNTeOphI JIOTUKH.
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IIpeoOpa3zoBanue N-paspsaaHoro koga A = A1Ay, ..., An B M-paspsiaHblii
kox C =Ci1Cy, ..., Cn

®ynkunonupoBanue KII omuceiBaercs B Buje TaOuuibl, B KOTOPOU
KOKJIOMY M3 3HAYEHHH KoJa A CTaBUTCA B COOTBETCTBHE M-pa3psAHOE 3HAUYCHHUE

koaa C (pucynok 1).

AL | AIC | C;
A, C
An Cm

Pucynok 1 — IlpeoGpa3oBatens kosa A B ko C 110 Ipon3BOJILHOMY 3aKOHY

B rtabmume 1 onpeaeneHa ¢yHKOUS ~TmpeoOpazoBaTens  JBOUYHO-

NECITUYHOTO KoJia 8421 B IBOMYHO-IECATUYHBIA KOJ ¢ U30BITKOM 3.

Tabmuma 1

Oynkunonuposanue KII

JlecsiTuaHOE Kon 8421 Kox ¢ n36piTkOM 3

3Ha4YCHUC

>
SN

&
>

cCorkrRrRERLROOOOZF

PFRrRrPRrRoooo oD

©CONOUITDWNREO
PR O0OO0OO0OO0OO0OO0OO
OCORPrRPROORRFRLROO
PORORORORO
Pooookrrkrkrol
orroorroor
ororororor0

[Ipu cunteze cxembl KII Oynmem paccMmarpuBarth mIpeoOpa3oBaTeNb Kak
cucTeMy OyneBbIX (PYHKITUH TpymIibl apryMmeHToB. Hanpumep, Oyaem cauTaTh, 4TO
tabnuia 1 sBnsercs Tabnuie ncTuHHOCTY 11 3aaanus pyakuui Cq, Cy, Cs, Cy:

C1=F1(Ay, 42, A3, As);
Co=F2 (A, 42, A3, As);
Cs =Fs (Ay, 42, A3, As);
Ca=F4 (Ay, Az, A3, Ag).
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[IpocreiimmM crmocoOOM TOCTPOEHUSI CXEMBbI, OTPa0aTHIBAIOIICH CHUCTEMY
GyHKIHNA ¢ M BBIXOJAMHU, SIBIISIETCS CUHTE3 OOBIYHBIMU METOaMH M HE3aBUCHUMBIX
OJTHOBBIXOJHBIX (DYHKITHUMA.

CHHTE3 COCTOUT U3 CIIEYIONIUX YEThIPEX ATAIOB!

1. ITo Tabmune ¢ynkuronupoBanuss KII cocrapmsitorest nuarpammbl Beitua s
byukmuit Cq, Cy, ..., Cp.

2. Ilpy MuHUMU3aLMK CUCTEMBbl (QYHKIUH, YyKa3aHHOW B M.l, MPUHIMIHAIBEHO
BO3MOXKHBI JIBa My TH:

— HE3aBHCHMasi MUHUMU3ALMS KaXI0M U3 m (QyHKIIHIA;
— COBMECTHasi MUHMMHU3AIIUSI CUCTEMbI MEPEKII0YATENIbHBIX PYHKIUN (IBYX U
oosee PyHKITHIA).

[Ipy CcOBMECTHOW MUHHMMH3AIMU pPE3yJbTUPYIOIIAs CHCTEMA MOXKET
OKa3aThCs IMpOIIE, YEM COBOKYIIHOCTh HE3aBUCMMO MHWHHUMHU3UPOBAHHBIX
GyHKIUHA. DTO CBOWCTBO MPOSBIACTCS IMPH HAIMYMM OOIIMX JJII HECKOJBKHX
NepeKIIoYaTeIbHbIX (PYHKIIUNA COCTABIISIONIUX.

[To 3amonHeHHBIM B 1.1 JuWarpaMmaM TPOU3BOJAWTCS MHHHUMHU3AIUA
byakmuii Cy, Cp, ..., Cp mepBBIM MyTeM (MuHUMU3AYUS NPOBOOUMCS NO
COUHUYHBIM U HYAe8blM 3HaueHusM @ynkyuil). Ecu 11 HECKOIBbKUX BBIXOIHBIX
GYHKIIUHA UMEIOTCS  OOIME COCTABJSIONIME, TO MPOU3BOJMTCS COBMECTHAs
MUHUMU3AIUS STUX QYHKIUH.

3. Ilo pesynpTaTaM MUHHUMH3AIMH BBIXOJHBIC (YHKIIMU 3aIlMCHIBAIOTCS B
MUHHMAaJIbHON TU3BIOHKTUBHOW HOpMalibHOU dopme (THD).

4. PaccMaTpuBalOTCSl pa3iMYHbIE BapUAHTHl MMOCTPOCHUS (YHKIIMOHAIBHOU
cxembl KII 10 MHHUMAIBHBIM BBIPAXKEHUSIM JIJI1 BBIXOJHBIX (DYHKITUH,
MOJYYEHHBIM B 1.3, C MCIOJIb30BAHUEM PA3TUYHBIX JIOTUUECKUX DJIEMEHTOB,
npUBEeIECHHBIX B Tabmuie 2 u smemeHToB Micro-Cap 10. IIposomgutcs
CPaBHUTEIIbHBIA aHAIM3 3THX BAapHAHTOB M BBHIOMPACTCS TOT, KOTOPHIH HMEET

HanIydYmune Ka4CCTBCHHBIC XapaKTCPHUCTUKH.
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[udpoBbie MUKpPOCXEMBI

Ta0numa 2

Konnuectso KonnuectBo
Muxkpocxema | Jlornyeckasi QyHKIHS | SJIEMEHTOB Ha | BXOJIOB OJTHOTO
KpHUCTaJIIe JIIEMEHTa
K155JIH1 HE 6 1
K155JI11 " 4 2
K155JI13 N 3 3
K155JI16 41 2 4
K155JII15 mod?2 4 2
K155J1J11 NJIN 4 2
K155J1A1 N-HE 2 4
K155J1A2 N-HE 1 8
K155JIA3 N-HE 4 2
K155J1A4 N-HE 3 3
K155JIE1 NJIN-HE 4 2
K155JIE4 NJIN-HE 3 3
K155JIP1 N-NJIN-HE 2 4
K155J1P4 N-NJIN-HE 1 8
K555J1P11 N-NJIN-HE 2 6/4
K555J1P13 N-NJIN-HE 1 10
K555JIT18 [ToBTOpHUTEND 4 2
K155J1/11 Pacmmpurens 2 4
K555M1]16 Jemmdpatop 1 4
KS555U 17 Jlemmdparop 1 3/3
CIBOEHHBIN
K1551 /14 semmudparop 2-4 2 2/2
K155UP1 Peructp 1 4/4
K555CIT1 Cpasnenue 1Byx 1 4/4]3
qHCe
K155UE2 Cuerunk 1 -
K1551E4 Cuerynk 1 -
K555UES Cuerunk 1 -
K155UM3 CymmaTtop 1 4/4/1
K155TM2 D-tpurrep 2 4
K155TB1 J-K-Tpurrep 1 9
K155TB15 J-K-tpurrep 1 5}
K155KI12 CABOCHHEA 2 413
MyJnbTUIIeKcop 4-1
K155KII7 MynbTumiekcop 8-1 1 8/4
KP531KII11 YersIlpexpa3psaHbli 1 8/2

MyJbTUIIIeKCcop 2-1
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JI1st cpaBHEHMS PA3IMYHBIX BAPUAHTOB CXEM, PEAM3YIOIIUX OJHY U Ty XKe
(GYHKIUIO, HY’KHO YMETh OIICHUBAaTh UX Ka4eCTBO.

Cno’KHOCTB cXeMBbI onpenensercs o merony Kaaiina:

1. Ilo mnoctpoeHHbIM JuarpaMmam Beiiya mNOpoBOAWTCA MHHMMHU3aLUS 110
€AMHUYHBIM U HYJIEBBIM 3HAYEHUSAM BBIXOJHBIX BBIPAKECHUM.

2. BpruucnsieTcss paHr BBIPAKEHUH IO KOJIMYECTBY BXOJOB, OIPEAEISIOLINX
COCTABJICHHYIO CXEMY.

3. Jlyi1 KOMOWJISILIMKA CXEMBbI BBIOUPAIOTCS BBIPAXKEHUS C HAUMEHBIIIUM PAHTOM.

Ha okoHuaTenbHbIe MOKa3aTeIu KauyecTBa pealbHOTO OJI0Ka, KOTOPBIN OyAeT
MOCTPOEH Ha OCHOBAHUM HEKOTOPOW CXEMBI, BIUSIOT TAKXKE W MapaMeTphbl dTamna
KOHCTPYKTOPCKOIO  NPOEKTUPOBAHUA  (XapakTep pa3MEIIECHHs  DJIEMEHTOB,
TPacCUpOBKa CBSI3€ U T.I1.), HEU3BECTHBIEC HA 3Tare pa3pabOTKU PYHKIUOHAIBHON
cxembl. [loTromy pa3ymMHOM $BIIs€TCA IIOCTAHOBKA BOIIpOCA HE O TOYHOM
BBIUMCJICHUM 3HAUEHUs KayecTBa, a JMIIb O MPUOJMKEHHONM €ro OLEHKE,
MO3BOJISIIOLIEH €ClId HE BhIOpaTh rapaHTUPOBAHHO HAMIYYIIYIO (DYHKIIMOHAJIBHYIO
CXEMYy, TO XOTSI Obl OTCESITh MHOXECTBO SIBHO HENEPCIEKTUBHBIX U BBIIEIUTDH
HEOOJIBIION CIMHUCOK HEPA3IMUYMMbIX 110 KaYeCTBY HAa JAHHOM 3Talle CXEM C LEJbIO
JanbHenero 0ojiee BHUMATEIbHOTO U3yUYEHUSI.

Haubonee pacnpocTpaHeHHONW METOIMKON OIEHKH KaueCTBa CXEM SIBIISIETCS
OLICHKA 10 JIBYM IapameTpam:

— 110 BHYTPEHHEH 3a7epKKe T;
— TI0 anmapaTypHbIM 3aTpaTtaM (ciaoxxkHoctu) W.

Ecnu npoextupoBaHue 0J0Ka CrienuaibHO OPUEHTHPOBAHO Ha JTIOCTHXKEHHE
elle Kakux-ITubo uenei (yMeHbIIEHHE MOTpeOsIIeMONl MOIIHOCTH, MOBBILICHUE
HAJEKHOCTU U T.I.), TO BMecTo (mim BMecte ¢) T u W B mpoueaypy OLIEHKH
KayecTBa CXEMbl MOXKHO BKJIOYMTH JIIOOblE aKkTyajbHbIE ISl pa3padOTyhKa
napameTpbl. [IpUHOMIMANBHBIX W3MEHEHHWH B H3JIara€MoOM IOAXOAE 3TO HE

BBI3OBCT.
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[Ipu paboTre Ha MUKpOCXeMax BHYTPEHHSII 3aJep:KKa [ CXEMbl
JI0OCTaTOYHO OOBEKTHBHO OLICHUBAETCA 3HAYEHUEM CPEIHEr0 BPEMEHU 3aJCpPiKKU
pacnpoCTpaHEHUs! BXOJAILIUX B HEE IJIEMEHTOB. B paMkax omHON cepun OOBIUHO
eJIeCO00pa3HO MoJiarath, YTO 3aJCPKKU BCEX JIOTUYECKUX AJIEMEHTOB POCCHITU
(M1, WA, U-HE, WJIN-HE, N-NJI1-HE, NCKIITOYAIOILEE NJIM) oanHakoBbI
Y PaBHBI HEKOTOPOM YCPEIHEHHOU [Tl JAHHOW CEPUU BEIMYHHE — T.

Hns cepum mukpocxeM K155 (TTJI TexHomorusi) 3HA4YEHUE 7 MOKHO
npuHATh paBHbIM 20 HC. [Ipm noxaxirodeHnn omHoro pacmmpurens tama JIJI1
pacmmpsieMoMy aneMeHTy Tumna JIP1 Bpems ero nepexiroueHust yBEIUYUTCSA Ha S
HC ¥ cTaHeT paBHbIM 25 He (1,257).

Annaparypsbie 3aTpatbl W (QYHKIMOHAJIBHOIO y3Jla MOYXHO OLICHHBATh
YUCIIOM KOPIIyCOB, KOTOPBIE MCIOIB3YIOTCSA NPU MOCTPOCHUM cXeMbl. 1Ipu 3TOoM
HEHUCITOJIb30BAHHBIE JIEMEHTBI YACTUYHO 3aHATOIO KOpIyCa HE YUYUTBIBAKOTCS B
ouenke W, oHH MOTYT OBITh UCIIONB30BaHbI B Ipyrux y3nax. [loacyeTsl BETUYUHBI
W ynoOHO mnpou3BOIWTH B JBEHAAUATHIX JOJAX, T.K. allapaTypHbIE 3aTpaThl
CXEMBbI CKJIAJBIBAIOTCS M3 allapaTypHBIX 3aTpaT BXOASAUIMX B HEE DJIEMEHTOB, a

KOJIMYECTBO SJIEMEHTOB B PAa3IMUHBIX KOPITycaX MHUKPOCXEM HEOJUHaKoBo — 1, 2,

3, 4, 6 (cMm. Tabauy 2).

[TocTpouB HECKOJIBKO BapUAHTOB CXEM, HEOOXOAUMO BBHIOpATh HAMITYUIIHA
U3 3TUX BApUAHTOB. B ITaHHOM cilydyae Ka4eCcTBO CXEMbl OLEHMBAETCS MO JIBYM
napaMerTpam, 3a7ady BbIOOpa HaWJIydllero BapHaHTa MOXKHO C(HOpPMYJIHMPOBATH
CIIEAYIOIUM 00pa3oM: HEOOXOIUMO HAWTH CXeMy, Ul KOTOPOM amlmnaparypHbIe
3aTpaThl U BHYTPEHHSS 3aepKKa ObuiM Obl HauMEHbIIMMHU. Ecnu Takoil cxembl
HET, TO HEOOXOJMMO BBIJICIUTh CIIMCOK CXEM, HEpa3JIMYMMBIX IO KayeCTBY Ha
JAHHOM JTare, T.€. BBLACIUTH CXEMbl, KOTOpbIE SBJISIOTCA JYYIIUMHU IO

CpPaBHCHHIO C IPYTUMMU.
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Paccmotpum cuntes cxem KII nBonuno-aecstuaHoro koja 8421 B 1BOMYHO-
JNECATHUYHBIM KOA ¢ M30BITKOM 3, 3aKkoH (YHKIMOHHPOBAHUA KOTOPOTO
npejcTaBiieH B Tabnuiie 1.

[To Tabnume 1 cocraBum muarpammsel Beitua nns Beixogusix ¢yHkiuii KII

Cy, Cy, C3, C4 (pucyHOK 2).

Az
A1
T1]1]0] 0 T1lo1]o of1[it[1] [o]o]o]0
| 11/-[-10 1l-11-lo o -[-a) Jal-l-T4)
A4 ‘ [1][1]0]0 [1]o]l1]o 1jofo]o 0111
A — T
G C; Cs Cs

Pucynok 2 — Munummsanus Beixoaubix ¢pyakuit Ci, Cp, Cs, Cs4

Ha pucynke 2 mpeacTtaBieHa MUHUMHU3AIMSA BBIXOJHBIX (QYHKIUH TI0
€AUHUYHBIM 3HAYCHHSIM. Pe3ynbTaThl MUHUMU3AIMU MO €IAHUYHBIM U HYJIEBBIM

3HA4YCHUAM CBCIACHDLI B Ta6JII/II_[y 3.

Tabnuna 3
JIH® BoIxOAHBIX (DYHKITHIH
OyHKIMA «1» Panr «0» Panr
Cy Al 0 |4, 0
C, AA, VAL A, 6 | A4, VA, A, 6
Cs AjAs v AAsv AL A,A5 | 10 | AjA; v A,A3vA A, A5 | 10
Cq A1Az vAAzv A, 7 A3 A4vA; AyAs !

[Io BbIpaxkeHUSIM, TPUBEACHHBIM B Tabnuie 3, MOXXHO TOCTPOUTH

HECKOJIbKO Pa3JIMYHbIX BAPUAHTOB CXEM (PUCYHOK 3).
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Pucynox 3 — Bapuants! noctpoenus cxemsl KIT «8421 B U3B63"

st tpex BapuanToB cxeM K1, mpencraBneHHBIX HA pUCYHKe 3, B Tabnuiie 4

yKa3aHa clieqyroniasi uHhopmMarus:

— KOop1rnyca MUKPOCXEM, UCITOJIb30BAHHBIX IJISI ITIOCTPOCHUS CXCMbI KH,

— anmaparypHbIe 3aTpaThbl, HeoOxoaumble s peanm3anuu Gyukmuii Cy, C3 u Cy

(W, W5 u W(C, cCOOTBETCTBEHHO);
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—~ ob0mme anmaparypHbie 3aTpatbl W, KOTOpBIE OMPENeNsioTCs Kak CymMma

anmapaTypHBIX 3aTPAT OTACIBHBIX (YHKIINIA;

— BHYTpeHHss 3aaepxka cxembl KIT — 7.

CpaBuutenbHbIi aHanu3 BapuanToB cxeM KII (cm. pucyHok 3)

Taomnuua 4

Ne W, W, we, W T
BapHaHTa
2/4 U1 ffg‘ ﬁg; 2/4 U1
1 1/4 JUTL 1/1 OP 49/12 27
9/12 110 18/12
22/12
1/4 N1
1/4 JITI5
U1JPI3 | 1/3 JIU3
2 % 12/12 1/4 JIE1 27112 27
10/12
12 1
3 1/2 JIP1 % 18/12 1,25 7
12/12

Jst peanuzanuu Gyukiuu Ci He TpeOyeTcsl MCIOIb30BAHUE JIOTHUYECKHUX

9JICMCHTOB, TaK KaK BXOJHYIO I/IH(l)OpMaI_[I/IIO CXEMbI MOJXXHO IIOAaBaTh Ha BBIXOL

HEMOCPECTBEHHO B napadasnom kozae, noaromy W, =0.

[Ipu xenanum MoxxHO moctpouTh emie psan cxem KII «8421 B U3B3" u

cpaBHUTH uX 1o napamerpam W u T ¢ npeAcTaBiIeHHbIMA CXEMaMU Ha PUCYHKeE 3.

CornacHo Ttabnune 4 cxema mnon Ne3 OyaeT HMETh HaWMEHBIINE

anmaparypusbie 3atparbl (W = 18/12) n HauMeHbIIyI0 BHYTpeHHIOM 3aaepxky (T =

1,25 ).

2. TIOPANOK BBIIIOJIHEHUA PABOTHI

1. Tony4uuTh BapyaHT 3aJaHus y MPENOAaBATENS.

2. BuImoaHuTs YCTBIPC OTalla CHHTC3a KII B cooTBeTCTBUU C WHIUBUYaJIbHBIM

3aJaHUEM.

3. Tlpoussectu moaenupoBanue KII B cucteme Micro-Cap 10.
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4. Tlposeputs paborocnocodHocTh KII Ha BpeMeHHBIX nuarpammax. KoHTposb
paboTOCIIOCOOHOCTH CXEMBI OCYILIECTBISIETCS MO Tabauie GyHKIIMOHUPOBAHUS
KIL

5. PesynbpTarhl paboThI MOKa3aTh MPENOAABATEIIO.

6. Odopmuth oTUET.

3. 3AJIAHUE K JABOPATOPHOM PABOTE

3amanne K nabopaTopHOi pabore Qopmupyercs mo tabmuiam S u 6 B
COOTBETCTBHHM C BapHaHTOM, TIOJNYyYeHHBIM Yy TmpemnojaBarens. B Tabmume 5
MIPUBEACHBI PA3HOBUIHOCTH ABOMYHO-ACCATUIHBIX KOJIOB, a B Tabmuie 6 yka3aH

Buj KII, KoTOphIif HEOOXOAMMO CUHTE3UPOBAT.

Tabmuma 5
JIBOUYHO-IECATUYHEIE KOJIbI
Hecaruunoe | Jonunsiii | 1 2 3 4 5 6 7
YHCIIO KOJI 8421 | 7421 | 5421 | 2421 | 5211 | U3B3 | I'pes

0000 0000 | 0000 | 0000 | 0000 | 0000 | 0011 | OOOO
0001 0001 | 0001 | 0001 | OOO1 | OOO1 | 0100 | OOO1
0010 0010 | 0010 | 0010 | 0010 | OO11 | 0101 | 0011
0011 0011 | 0011 | 0011 | 0011 | 0101 | 0110 | OO10
0100 0100 | 0100 | 0100 | 0100 | 0111 | 0111 | 0110
0101 0101 | 0101 | 1000 | 1011 | 1000 | 1000 | 0111
0110 0110 | 0110 | 1001 | 1100 | 1010 | 1001 | 0101
0111 0111 | 1000 | 1010 | 1101 | 1100 | 1010 | 0100
1000 1000 | 1001 | 1011 | 1110 | 1110 | 1011 | 1100
1001 1001 | 1010 | 1100 | 1111 | 1111 | 1100 | 1101

O©OooO~NOoO Ul WNEO

4. COJEP’)KAHUE OTYETA

OTtueT o 1abopaTopHOM PabOTE TOKEH COJIEPIKATD:
— TUTYJIbHBIN JIUCT;
— HWHIMBUIYyaJbHOE 3a1aHue Ha cuHTe3 KII;
—  Tabmuny QyukuuonupoBanus KII,
— nuarpammbl Beitua ms Beixogasix ¢yaknui KT,

—  JIH® BbIXOIHBIX DYyHKIIMIA;
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— HE MEHee 3-X pa3IMYHbIX BapuaHTOB noctpoenus cxemsl KII;

— BpeMeHHbIe Auarpammbl pabots KIT;

— CpaBHHTEINbHbIN aHanu3 BapuanToB cxeM KII mo mapamerpam W u T.

Tabnuna 6
NunuBuayanbHOE 3a1aHKE
Ne Bxonmuoit | BerxogHon Ne Bxomgnon | BrixomHoit
BAPUAHTA xon KII ko KII BApPHAHTA xox KII xon KII

1 8421 5211 16 8421 I'pes

2 7421 2421 17 8421 2421

3 2421 5211 18 7421 N3b63

4 5421 N363 19 5421 7421

5 N3B63 I'pes 20 ['pes N3b63

6 5211 2421 21 2421 I'pes

7 I'pes 7421 22 5211 5421

8 7421 5211 23 N3B63 8421

9 2421 N3b3 24 ['pest 5421

10 N363 5421 25 N3B63 7421

11 5421 2421 26 5421 I'pest

12 5211 8421 27 5421 5211

13 7421 I'pes 28 2421 7421

14 5211 7421 29 N3b63 2421

15 I'pes 2421 30 ['pes 8421

o k~ w0 Ddp

Meton KBaiina.

5. KOHTPOJIBHBIE BOITPOCHI

Konosslii mpeoOpazoBarens. Jrana cunresza KII.

MeTtoauku OlIeHKU KayecTBa HIU(PPOBBIX CXEM.

BuyTpennsis 3anepxka. AnmnapaTypHbie 3aTpaThl.

Konoseiii mpeodpazoBarens. CrnocoObl peanuzanuu KI1.
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Jlaboparopnas padora Ne 3

CHUHTE3 JIOTUYECKHUX CXEM HA MYJIBTUIVIEKCOPAX

[ens pabotel: M3yueHne CTpyKTypbl MYJbTUILIEKCOPOB U METOJIOB CHHTE3a

Ha UX OCHOBC JIOTHYCCKHUX CXCM.

1. METOANYECKUE YKA3AHUA
MynpTHIIEKCOp - GYHKIIMOHATBHBIA ~ y3€I, OCYIIECTBIISFOIIUI
MOAKIIIOUCHUE (KOMMYTAIIUIO) OJTHOTO M3 HECKOJIbKUX BXOJOB JAHHBIX K BBIXOJY.
Homep BBIOpaHHOTO BX0/Ja COOTBETCTBYET KOJy, MOJAHHOMY Ha aJpECHbIC BXOJbI

MYJIBTUIUIEKCOpA. Y CJIOBHOE H300pakKeHUE MYJbTUILIEKCOpa IIOKa3aHO Ha

pucynke 1.
—1{ Dy
. MUX
—1Dm1 Y
— A
— Ay
—t OE
Pucynok 1 - Mynperumiexkcop
MynbsTunnekcop umeer N aapecHblx BxomoB A, Az, ..., Ay, M
nHpopMarmoHHBIX BX0A0B Do, D1, ..., Dm1 1 Bxog OE niis ynpaBiaeHUsS BBIBOJIOM

uH(popmanuu (pa3penieHue BbIBOIA):
—  OE = 0 — mynpTHIIIEKCOp padoTaeT;
— OE=1 — BbIXOA y3/1a HAXOAUTCS B HEAKTUBHOM COCTOSIHUU, MYJIbTHUILIEKCOP

3amnepr.
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PaGoTy MynpTHIIEKCOpAa MOKHO OMTUCATH CJIEIYIONTAM BBIPAKCHUEM:

Y = DyA; Ay. . Ay v DA Ay Ay v ..V Dy 2 A1 A5 Ay v Dy A1 A, Ay (1)

B Hacrosmiee Bpemsi BBINMYCKAIOTCS TMPOMBIIIICHHOCTRIO M TOTYYHIIN
HauOopIlIee TPUMEHEHHE MYIbTHILUICKCOPBl ¢ 4, 8, u 16 mHbOpMAIMOHHBIMU
KaHaJaMH.

OpHuM U3 CrOCOOOB MPUMEHEHHST MYJIbTUILICKCOPOB SBJISIETCS peaTh3aliis
HA HUX Jorndeckux QyHkmmid. M3 Bepaxenus (1) crmemyer, 4To Ha
MyJIbTHIUICEKCOpE ¢ N aJpeCHBIMA BXOJIAMH JIETKO MOXET OBITh peann3oBaHa
nepexiouaTenbaas QyHKusSs N aprymeHToB. JlJis 3TOro Ha aApecHbIC BXOJbBI
MYJIBTUILIEKCOpa MOAKIIoYaeTcsi N MepeMEHHbIX, a Ha BXOJIbl JaHHBIX MOJAOTCS
koHCTaHTHI (0 1 1) B 3aBUCUMOCTH OT KOHKPETHOT'O 3HAYCHHS TIEPEKITIOYaTEIbHON
YHKIUK Ha KaxnoM 13 2" HaGOpOB apryMEHTOB.

Jlornyeckue cxeMbl Ha MYJIBTUIUIEKCOpPaX MOXHO pealn30BaTh ¢
WCITOJIb30BAHUEM PA3JIOKCHUS TEPEKITIOYATSIPHON (QYHKIIMU O COCTABJISIONIAM
e¢ TICPEMCHHBIM.

PaccmotpuMm dyHKIMIO 4-X mepeMeHHbIX F(X1, X2, X3, X4). O003HauuM X4

yepes L 1 pa3noxkum QyHKIHIO 10 IEpEMEHHBIM X1, Xz, X3!

F(X.X, X3 X,) = F(0,00,L)-X; X, X5 v F(0,0,1,L)-X; X, X5 v
VF(0,1,0,L) - X; X, - X3 VF(0,1,1,L) - X; - X, - X5 v
VF(1,0,0,L) - X, X, Xz v F(LO,L,L) - Xy Xy * X3 v
VF(1,1,0,L) - X, " X, X5 v F(1,1,1,L) - X; - X, - X5 (2)

\V]

Kaxxmast cocraBsromias mpaBoi 4acTH BbIpakeHHUs (2) B 3aBUCUMOCTH OT
3HAYCHUN (PYHKIMM Ha HAOOpax, SIBJSIOMIMXCS COCETHUMHM IO MEPEMEHHON Xq,

MOJKCT IIPUHUMATDb 3HAYCHU:A, IIPUBCACHHLIC B Ta6J'II/II_Ie 1.

Tabmuma 1
FIX1, X2, X5, X4] 0 0 1 1
F[Yl,YZ,YS, X,] 0 1 0 1
F[Yl,YZ,Y& L] 0 L L 1
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B HmwxHel cTpoke TaOauIhl MPUBEICHBI 3HAYCHUS, KOTOPBIE TOJDKHBI OBITh
MOMaHbl Ha WHPOPMAIMOHHBIM  BXOJ MYJBTHIUIEKCOpPA,  OMpPEIeIIsIeMbIit
KOMOMHAIMEeH COOTBETCTBYIOIINX YITPABIISIONIAX CUTHAJIOB.

CrnenoBaTelbHO, Ha KaXKIbIM WH(POPMAIMOHHBIN BXOJ MYJBTHILICKCOPA,
ompeneNseMbli KOMOMHAIIMEH CUTHAJIOB Ha aJIpeCHBIX BXOAaX, HE0OXOIMMO
MOJKJIIOUMTh curHaiel u3 MHoxectBa {0, 1, L, L} B cooTBeTcTBUH ¢ Tabiuiieil
MCTUHHOCTH pPeau3yeMou MepeKiatoyaTebHOM (GYHKIUU. DTO CBUAECTENBCTBYET O
BO3MOXXHOCTH peaji3allii Ha MyJbTUIUIEKCOpe ¢ N aJpecHbIMU BXOAaMU
nepexirodyaTeabHol GyHKIuu N+1 aprymMeHToB.

Paccmorpum peanu3anuio MIEPEKIII0YATENBHON byHKIAN Ha

MYJIBTHIIIICKCOPEC C 3 aIpCCHBIMHN BXOIdaMH, 33Z[3HHOI>1 T&6JIHI.[€I>1 HCTHHHOCTHU

(tabmuria 2).

Tabnuua 2
X1 X5 X3 Xa F NudopmarmonHbie BXOIbI
ey [T e
| B e T e
o |1l | g am
o | 1| 1|1 |1 | BT
S N I B e R
R
L T e
e T e

[TpaBsrit cTonber TabnuIlsl 2 3aM0JIHEH B COOTBETCTBUU C BhIpakeHUEM (2)
U Tabmumed 1, OompeaensomMMH TOPANOK TOJKIIOUEHUS BXOJOB JaHHBIX
MYJIBTUILIEKCOpA JJIsl peain3allii 3aJaHHON NepekitouaTenbHol pyHkuu. Cxema
BKJIIOUEHHSI MYJBTUILIEKCOpA [JIs pealiu3allid PAcCMOTPEHHOIO IpuMepa

Npe/ICTaBlIeHa Ha PUCYHKE 2.
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Pucynok 2 — Peanuzanus nepeximoyaTeabHON GyHKINH (Tabnuia 2)

2. TIOPAAOK BBIITOJIHEHUA PABOTBI

[Toy4unTh BapuaHT 3a7aHUs y MIPEMOTaBaATEIIS.

Peann3oBath mepekIrOvYaTeIbHYI0 (YHKIHUIO C MTOMOIIBI0 MYJIbTHILICKCOPOB
Ha 8 u 16 MHPOpPMAIMOHHBIX BXOJOB B COOTBETCTBHHM C WHIUBUIYATIbHBIM
3aJaHUEM.

[Mpoussectt  moxenupoBanume B Micro-Cap 10 u  mpoBeputh
paboTOCTIOCOOHOCTD MYJIbTHUILJIEKCOPOB. Ha aJipeCcHBIC BXOJIbI
MYJIBTHILICKCOpa HHGOPMAITUS TI0JIaeTCs ¢ TEHEpaTOpa UMITYJIbCOB.
Pe3ynpTaThl paboThl MOKA3aTh MPENOIaBATEINIO.

OdopMuts oTyer.

3. 3AJIAHME K JJABOPATOPHOU PABOTE

st coctaBiieHUs TAaOJIUIBI UCTUHHOCTU TEPEKITIOYaTEIbHOU (DYHKIIMU B

COOTBCTCTBUHU C MHAWBUAYAJIbHBIM BAPUAHTOM 3a/IlaHUA HCO6XOI[I/IMOZ

1.

Omnpenenuts uncio NUM mo ¢popmyne NUM = 7NVZ + 200NV + 30, rme NV -
BapUAHT 3aJaHHUs.

[TepeBectu yncio NUM u3 necaTMaHONM CUCTEMBI CUMCIICHUS B IBOUYHYIO.
[Toy4eHHOE YHCIIO AOTIOHUTH 0 16 OUT, 3aTOJIHSS CTapIIe pa3psabl Yuciia

HYJISIMU.
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CocraBuTh TaOIHILy UCTHHHOCTH (PYHKIIMH YETHIPEX MEPEMEHHbBIX. 3HAUCHUEC
(GYHKIMM HA MIECTHAAATOM HabOpe apryMEeHTOB OnpeaeseTcs 1-M pa3psaom
gyucia NUM (F(16) = NUM(1)). Hymepauus paspsgoB uncia NUM
YBEJIMYMBACTCS B CTOPOHY CTapIINX Pa3psiIOB.

Peaym3zoBaTh JIOTHYECKYIO0 (DYHKIUIO, TPEACTABICHHYIO 3aJaHHOM Ta0yuIeH
UCTHHHOCTH, C UCTIOJIb30BAHUEM CIICTYIOIIUX YCTPOUCTB IIU(PPOBON TEXHHUKH:
— MynbTuIiekcop ¢ 8 uapopmarnmonnsiMu kananamu K155KTI5;

—  wmynbtaIuiekcop ¢ 16 nadpopmarmonnsimu kananamu K155KI11;

— JIOTUYCCKHUC JJICMCHTHI.

4. COUEP)XAHUE OTYHETA

OtueT 0 mabopaTopHOM paboTe TOKEH COJICPIKATD:

TUTYJIbHBIN JIUCT;
TabJIMIa ICTUHHOCTH (DYHKIIMU YETHIPEX MEPEMEHHBIX;

3 BapuaHTa peanusanuu Jorndeckord ¢ynkmuu B Micro-Cap 10 (cm. 1.5

3a/IaHus K JJabopaToOpHOM padboTe);

CpaBHCHHC IIOJIYYCHHBIX PC3YJIIbTATOB MOACIUPOBAHHA II0 BPCMCHHBIM

aarpaMmMam.
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