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N3yuenne kypca « KOMIBbIOTEpHBIE METOJIBI IPOESKTUPOBAHUS» BKIIFOUAET:

a) paboTy HaJl y4eOHBIMHU [TOCOOUSIMU;

0) BBITIOJTHEHUE KOHTPOJIbHBIX paldoT;

B) NOCENICHUE JIEKIUIA U KOHCYJIbTALlMHU 10 OTAEIbHBIM pa3jeiaM Kypca.

[lo ocHOBHBIM BoOIlpocaM M HauboJee CIOXKHBIM TeMaM Kypca, KOTOpbIE
BBI3BIBAIOT 3aTPYIHEHUS MIPU CAMOCTOSITEIBHOM HM3YYEHHUH, CTYJICHTAM YHTAIOTCS
JICKIIHH.

[locne m3yueHHss O4epeIHOM TEMBI Kypca CTYAEHT JIOJHKEH YMETh OTBETUTH
Ha BOIPOCHI JJIsl CAMOTIPOBEPKH.

KonTtponpHas paboTa BKIIOYaeT B OJHO 3ajaHue. BapuaHT 3agaHus
onpeemnsaeTcs 1o HOPSIAKOBOMY HOMEPY CTyJIEHTa B KypHaje
MTOCEIICHMI/yCIIeBAEMOCTH.

[locne BBINOJHEHHS] KOHTPOJBHOW padOTHl CTYAEHT JAOIMYCKAeTCs K claaue

OK3aMCHa.



3aganue
1. O3HaKOMHUTBCS C JIOTUYECKOM CXEMOH IIOCTPOCHHS OIHOPA3PSIIHOIO
JBOMYHOTO TOJycymMMaropa W cymMmaropa. IIpomonmenupoBath CXE€Mbl C
UCIIOJIb30BaHUEM JIIOOOTO JIOCTyNHOro mnakera, Hanpumep MC9 DEMO (wnu
AQHAJIOTMYHBIX ) U COCTABUTh TAOJUIIBl HICTUHHOCTH KaXKIOW CXEMBI.
2. PazpabotaTh cxeMy MHOTO Pa3psAHOTO CyMMaTopa MOCIIeI0BATEILHOTO

nepeHoca TpedyemMoi pa3psIHOCTH, corilacHo Bapuanty (Tabmuma 1).

Tabmuma 1
PaspsinrocTh ycrporicTBa
BapuanTt 1 2 3 4 5 6 7 8 9 10
Cymmarop ¢
10CJIe0Ba- 6 5 4 3 6 5 4 3 4 6
TEJIbHBIM
CymmMmarop ¢
napasuieIbHBI 3 4 5 5 4 3 4 4 5 3
M IIEPEHOCOM
AJlY 4 3 3 4 3 4 4 5 3 3
PaspsgHOCTE yCTpOlicTBa
BapuanTt 11 12 13 14 15 16 17 18 19 20
Cymmarop ¢
nociea0Ba- 3 6 5 3 2 2 4 4 3 5
TEJIbHBIM
CymmMmarop ¢
napajuieIbHbI 4 4 4 2 4 2 2 2 3 3
M IIEPEHOCOM
AJlY 5 4 2 3 4 3 3 4 3 5

3. IIpomomenupoBaTh pabOTy cymMMaTopa, MOJaB Ha €r0 BXOJIbl CUTHAJIBI
COOTBETCTBYIOIIIME JIByM CllaraéMbIM. 3apuUCcOBaTh BPEMCHHBIC JHArpaMMBI.
OnpeaenuTh MaKCUMaJIbHO BO3MOXKHOE BpeMsl CYMMHPOBAHHUS, €CIH 3ajcpiKKa
KQKJIOTO MPOCTEHUIIET0 JIOTHYECKOTO 3JIEMEHTA, COCTaBIISIOIIEr0 CyMMAarop, paBHa
10 Hc. IlomoOparh Takume CHTHaJIBI Ha BXOJaX CymMMmaTopa 4YTOOBI Bpems

CYMMHPOBAHHA OBLII0 MAKCUMAaJILHBIM.




4, Pa3zpaboTaTh CXeMy MHOTOPa3psAIHOTO CyMMaTopa C TMapauiebHbIM
IEPEHOCOM TPEOYEeMO pa3psTHOCTH.

5. IIpoMoaenupoBaTh pabOTy cymMMaTopa, MOJAaB Ha €r0 BXOJIbl CUTHAJIBI
COOTBETCTBYIOLIME JBYM CjaraéMbIM. 3apucOBaThb BPEMEHHbBIC JUarpamMMbl.
Onpenenuth MaKCUMAJIbHO BO3MOXKHOE BpEMsI CYMMHUPOBAHHUS, €CJIM 3aJeprKKa
KaXJI0ro IMPOCTEUIIEro JOTMYECKOTO 3JIEMEHTA, COCTABIISIIOIIETO CyMMaTop, paBHA
10 Hc.

6. Pazpabotats cxemy AJIY Ha OCHOBE MOCTPOSHHOTO MHOTOPA3PSAIHOIO
CyMMarTopa, peaju3ylolllee CEeMb OCHOBHBIX apU(PMETHUUYECKUX U JIOTUUYECKUX
oneparnuii Haj N-paspsaaeiMu onepanaamu. IIpomoaenupoBate padoty AJIY s
KOMaHJ] BBIYMTAHHUS OIECPAHJIOB, 3apHCOBAaTh BPEMEHHBIE AHArpPaMMbl U KpPaTKO

IIOSICHUTD HCHOHBByeMBIﬁ IIPUHIIAII.

MeTtoanveckue yKasaHus

K m.1. Jlornueckas cxema nosycyMMaTopa UMEET BUJ, IIPUBEICHHBIN HA PUC.

On peanm3yeTcs Ha ABYyX Jiornueckux sneMeHTax Ul- "uckmouaromniee" NJIN
n U2 — noruueckoe 1. Ha Bxoasl A u B anemenTa nmojaroTcs ciaraeMele, pe3yinbTaT
CJIO’KEHHUSI TOJIydaeM Ha BBIXOJIE€ S, €CJIM MPU CIOKEHUU HMEET MECTO MEPEHOC B
crapuui paspsia , To C ycranaBnuBaerca B "'1".

Monycymmatop (HS)

|L ]
Puc. 1. Cxema nonycymmaropa
Jlnst mosydeHust TaOMHIbI UCTUHHOCTH TOJYCyMMaTopa MOJaJuM Ha BXOJIbI
A, B Bce BO3MOKHBIC JBOMYHBIC KOMOMHAIIMK C TIOMOIIBIO JTBOMYHOTO TeHEepaTopa
(Stimulus Generator) u mocTporM BpeMEHHYIO TUarpaMMy CUTHAJIOB Ha BBIXOJaX S u

C. mpeAcTaBUM JuarpaMmy B BUJE TAOJHIIBI.



3aMEHUTDH B CXEME MOJIyCyMMAaTOpPbl UX JIOTHYCCKUMH CXEMaMH U IIOJYUYHTDh
T3.6J'II/IHy HCTUHHOCTHU AaHAJIOTMYHO, KaK IMOJYCyMMaTopa C HUCIIOJIb30BAHUCM IIdAKCTa

Micro-Cap 9 DEMO. Jloruueckrie BBIpaKCHHS BBIXOJOB CymMMaTopa OYIyT HMETh

BUJI:
S=A®B®Cl
CO=A&B+(A®B)&Cl =(1)
=Y + X &Cl

K m2. Cxema 3-x pa3psaHOro cyMMaTropa MOCJIEAOBATEIbHOIO IMEepeHoca
npuBeseHa Ha puc.3. Ha cymmarop mojarorcsi 1BoudHbIe paspsiabl ciaraeMbix AQ,
Al, A2 u B0, B1, B2 (A0 u BO — miaamme pa3psasl), a Takxke OUT MepeHoca B
miaamii paspsaa C0. Cymma momydaercs Ha Beixogax S0, S1, S2, S3. 3ameHuTh B
CXeME CyMMAaTOpbl HMX JIOTHYCCKHMMH CXEMaMH, B OTYETE MPEICTaBUTh BPEMECHHYIO
auarpaMmy, TOJYYCHHYIO TpPH CIOKCHUH JIBYX YHCENI 3aJaHHOW TI0 BapUaHTy
pa3psIHOCTH.

OCOOEHHOCTBIO [TaHHOTO THUIA CyMMaropa SBIsE€TCS OOJbIIOE BpeMs
CYMMHUPOBAHUS YHCEN, 3aBHUCSAIIEEe OT Pa3psaaHOCTH cymMMaropa. B Hauxyamem
Cily4ae, €CJIM MPUHSTH 3aJEPXKKy JIF0OOr0 MPOCTEHIIEro JOTUYECKOro 3JIEMEHTa 3a
CAVHUILY, BpEeMs CyYMMHPOBaHUS 3-pa3psgHoro cymmaropa Oyaer K=7.
MakcumaabHO BO3MOXKHOE BPEMSI CYMMHUPOBaHUS OyAET paBHO:
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Puc.2. Cxema cymmaTopa nocieoBaTesibHOTo IepeHoca
[lpu mocTpoeHMH BpEeMEHHOW AuarpamMMmbl ¢ moMolibio Stimulus Generator

TpeOyeMoi pa3psAIHOCTH BbIATh HAa CyYMMATOp cllaraéMble, B MOMEHT BpPEMEHU



OTJIMYHBIA OT HadajdbHOTO. [locie 3Toro ¢puKcHpoBaTh M3MEHEHNE CHUTHAIOB CYMMOBI
Ha Bcex N+1 BeIxonax.

IIpumeuanue: TlporpammupoBanue padotsl Stimulus Generator 3akirogaeTcs

B 33/IaHUU JBYX OCHOBHBIX apAMETPOB:

o Format 3amaeTcs B BHAE CTPOKM €AMHHUI] UX YHCIO PaBHO YHCIY
BBIX0JI0B reHepaTopa (Hampumep: 1111 nns renepaTopa ¢ 4eTbIpbMs BBIXOJAMHU );

o Command 3amaercss B BHAE MOCIEIOBATEIBHOCTH JIBOWYHBIX KOJIOB,
KOTOpbI€ OyAyT BBIJABAThCS HA BBIXOJbl T€HEpATOpa B HA3HAUYECHHBIE MOMEHTHI
Bpemenu (Hampumep: 0ns 0000 500ns 0110 ).

JIns BbIBOJ@ BPEMEHHOM JMarpaMMbl HYKHO BOCIIOJIb30BAaThCSl KOMaHIOM
Analysis-Probe Transient analysis, u mocine TOSIBICHUS TBYX OKOH, YKa3bIBas B
OJIHOM OKHE Ha CXe€M€ TOYKH, B KOTOPBIX HEOOXOIMMO MPOaHATU3UPOBATh CUTHA, BO
BTOPDOM OKHE OYyJIyT TMOABISTHCA COOTBETCTBYIOIIME TpadUKd  H3MEHEHUS
JIOTUYECKOr0 CUrHaja (BpeMEHHasi JuarpaMmma).

JIns ompeneneHuss MaKCUMalbHO BO3MOYKHOIO BPEMEHM CYMMHPOBAHMS,
HEOOXOUMO BBIJICIUTh BCE JIOTUYECKHUE DJIEMEHTBHI CXEMBbl, BBIIIOJIHUTH JIBOMHOMN
KJIMK MBIIIBIO HA OJTHOM M3 HUX, 3a1aTh B mojsax |PHL Bpems 3amepxkku 10 He (10NS).
B oTuete Ha BpeMeHHOM AuarpaMMe HEOOXOAUMO 0003HAYMTH MAKCUMAIILHOE BPEMS
CYMMUPOBaHUS U BpeMsi pOPMHUPOBAHHUSI IEPEHOCA.

K n.3. Ilepenq noctpoeHnem cymMmaropa C MapajuIeJbHBIM IEPEHOCOM,

BBIBeZIeM (popMyIibl Juis curHanoB nepenoca CO, Cl1, C2, C3:

C0=C0

C1l=A0& B0+ (A0®B0)&CO=Y0+ X0&CO
C2=A1&B1+(A1®B1)&Cl=Y1+ X1&Cl=Y1+ X1&Y0+ X1& X0&CO (2)
C3=Y2+X2&C2=Y2+X2&Y1+ X2& X1& Y0+ X2& X1& X0&CO

B nmonydenubix BoipaxkeHusix Bce nepemenHnie XO0,..,X2 u YO0,.,Y2 moryt
OBITh BBIYHMCJICHBI 3a BpEeMs paBHOE 3aJICp)KKU CpadaThIBAaHHUS OJHOTO JIOTHYECKOTO
anemenTa (10HC). B cBOWO ouepenb, BCE JIOTUUECKHUE ClIaracMble B BBIPAKCHUSAX
BBIUHCIIAIOTCS €II€ 3a OJWH Takou ke mHTepBan (10HC). M omepamus JIOTHYECKOTO
cymmupoBanusa (MJIM), taxxe ocymiectBisgercs 3a 1 uHtepBan. Takum o0Opaszom,

CCJIM CHUTHAJbBlI TIICPCHOCA BbIYUCIATH OTACIBHO C IIOMOIIBIO CHeHHaHBHOfI



JIOTUYECKOM CXeMbl B COOTBETCTBMU C (2) W 3aBOJUTh Ha CYMMATOpPBI, TO
CYMMHUPOBAHUE TPHU JIO00N pa3psaHOCTH OyJeT BBIMOJTHATHCS 3a BpeMmsi paBHOE 4
uHTepBasaM. VIMEHHO Ha 3TOM MPHUHIIUIIE M MOCTPOEH CYMMAaTOp C MapauieIbHBIM
nepeHocoM.  t.,= 4At

Cxema mITHpa3psIHOTO CyMMaTopa C MapauieIbHBIM TIEPEHOCOM MTPUBECHA
Ha puc.3. Curnanel neperoca Cl, C2, C3, C4, C5 dopMupyroTcs ¢ TOMOIIBIO CXEM

BBITIOJIHCHHBIX Ha HpOCTCﬁIHHX JOTHYCCKHX JJICMCHTAX.
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Puc.3. CxeMa cymmartopa napajijieIbHOTO IepeHoca

[TocTpoeHrne BpeMEHHBIX aUarpaMM CyMMmaTopa MapajUieIbHOTO IepeHoca
ClIeIyeT OCYIIECTBIISTh, aHAJOTUYHO KaK B MpeabLaylieM myHkte. [Ipm 3TOM Ha
auarpaMme Takke CcleayeT o0003HauyuTh BpeMsi CYMMHPOBAHHMS W BpeMs
dbopMupoBaHUS TIEpEHOCA MPU 3aA€PIKKE JIOTHIECKUX IJIEMEHTOB paBHOM 10 HC.

K m.4. Cxema npocreiimero AJIY (puc. 5) moMHMO CymMMaropa BKJIIOYAeT
JIOTIOJTHUTENILHBIE MHBEPTUPYIOIIUE W TMEPEKIIOYAIONINE JJIEMEHTHI. YTIpaBicHUE
ATUMH JJIEMEHTAMH OCYIIECTBIsieTCs crennanbubiMu curHamamu UL, U2, U3, U4,

KoTopele moctynaroT B AJIY oT ycTpoiicTBa ympasieHus mpoiieccopa. Ha puc. 6.



MpUBEJCHA CXEMa IMpOCTeuIIero yerbipexpazpsgHoro AJIY BbeIIONHSIOMIETO 7
AJIEMEHTAPHBIX ONEPAIUN.

Onementsl "uckmrowaromee" MJIM U1-U6 cayxar nis WHBEPTUPOBAHUS
pa3psIOB CIaraéMbIX MOAAaBA€MbIX HA CyMMATOPhI. Y IPaBICHUE UHBEPCUEN TOTO WUITU
HMHOTO CJIaraéMOTO OCYIIECTBIIICTCS yIpaBisonuMu curaagamu U2 u U3.

MHoropa3zpsiHoe CyMMHPOBaHUE JJIsl IPOCTOTHI OCYIIECTBUM Ha CyMMAaTOpe
MOCJICIOBATEIIBHOTO IEPEeHOca, COOpaHHOTO Ha ieMeHTax X1-X3,

Mynbrumiekcopsl X4-X6 ciayxaT sl KoMMyTanuu K Beixoxy AJIY nmbo
curHaisa S, gub6o CO cymmaropoB. BwiOop mnojakiaroyaeMoro CurHaia
OCYIIECTBIIIECTCS CUTHAJIOM yrpasieHus: U4.

Curnan ynpasienuss Ul npencrasisger coO0M curHan nmepeHoca B MIIAIIINN

paspsia CO.
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Puc. 4. Cxema nipocteitmero AJIY
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Puc. 5. Cxema MyJbTUILIEKCOpa



B Tabnuie 2 mnepedyucieHbl BCe OCHOBHBIC BbIMONHSEMble AJIY QyHKIINH,
3a71a4eil CTYJEHTA SIBJISIETCA OMPEACNIUTh COCTOSHUE yrpaBisitomnx Bxoaos Ul-U4,
TUTSL KQXKII0M U3 IEPEUUCICHHBIX (DYHKIIHMA.

Jlns mopenupoBanust padotel AJIY cienyeT ucnonb3oBaTh 16-pa3psaHbIid
Stimulus Generator. C momompio Hero Ha BXoasl AJIY momatorcs TpeOyeMmble
caraemble M CUTHaJIBI yrpaBieHus. Cinaraemple (MU YWICHBI pa3HOCTH ) BRIOUPAIOTCS
10 YCMOTPEHUIO CTYJIEHTA. 3apUCOBAaTh BPEMEHHbBIC JUAarpaMMbl U KPaTKO MOSICHUTh
MCIIOJIb3yEMBbIN MPUHIIUI BHIYUTAHUS.

B otuere mnpuBoguTCs mnporpamma pabOThl M MOCIE KaXAOro IyHKTa
MPOrpaMMbl IPUBOJIUTHCS €TO BHITIOJHEHUE.

Tabmuma - 2

YrpapIiomue BXOIbl Bemonasemast hyHKIHS
ul (U2 (U3 |U4

S=A+B

S=A+B+1

S=A-B

S=B-A

S=A-B-1

S=A&B

S=A&B=A|B (|- "uau")




