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JlabopaTtopHas pa6orta 1 (Lr25)
3NEKTPOHHbIE YCTPOUCTBA HA ONMEPALIMOHHbIX
YCUTUTENAX

LIEJ1Ib PABOTDI

N3yyeHne npuHUMna paboTbl  OMNEepauMOHHBbIX  YCUNUTENsIX U
NCCNeaoBaHNE XapaKTEPUCTUK YCTPOWUCTB Ha MX OCHOBE: MHBEPTMPYHOLLEMO
ycunutensi,  uUHTerpatopa, AauddepeHunatopa UM M3bMpaTenbHOro
yCcunuTens.

TEOPETUYECKME CBEAEHUA U PACHETHbBIE ®OPMYJibl

1. HASBHAYEHME U YCJIOBHOE OBO3HAYEHUE OY

OnepauymnorHbivi  yowmress (QY) — 370 ManorabaputHbii (B
WHTErpanbHOM MWCMOJIHEHNM oOTedecTBeHHbIX cepui K140, K544, K553,
KP1040Y[, KP1435 n ap. n uMnopTHbIx cepuin AD8041, OP275, LM339 n
ap.) MHOIOKaCKaAHbIN ycunuTternb NMOCTOSIHHOIO TOKa C
HernocpeACTBEHHbIMM ~ CBS3IMW  Mexay  Kackagamm un  60onblimM
KO3(PULUNEHTOM yCUNEHUS.

OnepaunoHHble  yCcUUTENW MpefHasHavyeHbl Kak And  yCcuneHus
3NEeKTPUYECKMX CUrHanoB, TaK W AN  OCYLWECTB/IEHUS  Pas3fIMyHbIX
onepauui Hag CUrHanaMu: CrIOXEHWE, BbIMUTAHWE, WHTErpupoBaHME,
norapudmMmposaHune n ap. Kpome 3toro, onepaumoHHble YCUAUTENN YacTo
MCNONb3YIOT  MPU  KOHCTPYMPOBaHMM  KOMMApaToOpoOB, reHepaTopoB
rapMOHUYECKMX  KonebaHuhn M CUrHaANOB  pasfiMyHOM  OPMbI,

Usx — ] Ay > YH S o Zl_dw_ Bbixo0
Bxo0bl —©°
AY — ougppeperHyuansHsili ycunumens o—
S WY
YH — npomexcymoyHsili ycunumero m
a) 6)

Puc. 251

n36bupaTenbHbIX YCUNUTENEN N APYTUX YCTPONCTB. Takne yCUIUTENN UMEKT
CUMMETPUYHBIN  AnddepeHUMAnbHbIN  BbICOKOOMHBIA  BXOA,  BbICOKMN
KO3 UUMEHT YCUNEHMUS], HU3KOOMHbIM (CPAaBHUTENBHO MOLLHbIA) BbIXOA U
CKOHCTPYMpOBaHbl TaknMM 06pa3oM, 4YTO K HMM MOryT 6biTb MOAKIOYEHBI
pa3fiNyHbIE KOPPEKTUPYIOLLME Lienu 1 uenn obpaTHON CBA3WN.
dyHKUMOHaNbHasa cxema Tunosoro QY npeacrasrieHa Ha puc. 25.1, g, a
€ro YCnoBHoe 0603HayeHne — Ha puc 25.1, 6. BxopHowm
anddepeHumanbHbin  kackag QY, 06blMHO peanusyembid Ha MONEBbIX
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TpaH3ucTopax, obecneunmBaeT BbICOKOE  BXOAHOE  COMpOTUB/IEHME.
BbIXOAHBbIM KacKafoM SBMSIETCA ABYXTAKTHbIA YCUNUTENb MOLHOCTU C
HU3KMM  BbIXOAHbIM  COMPOTMBNEHMEM  (SMUTTEPHBLIA  MOBTOPUTEND,
paboTalowmn B pexmnme ycunenns B wnn AB). B Hactosiwee Bpemsi OY
MPOEKTUPYIOT N0 ABYXKACKagHOM CXeMe.

OnepaunoHHbI yeunuTenb UMeeT ABa BXoda: MHBepTMpylowmnn (4) un
HenHsepTupyowmn (H). X Ha3BaHMe CBSI3aHO C TEM, YTO B NEPBOM Cllyyae
BbIXOAHOE HanpshKeHuMe HaxoauTcs B npoTtmBodase C BXOAHbIM, @ BO
BTOPOM cfiydyae — B pa3e C BXOAHbIM HanpsbkeHneM. [ns nutaHus OY
06bIYHO MCNOJL3YIOT ABa PA3HOMOMSIPHLIX UCTOYHUKA NUTaHUS +U, n —Uy
WM OAMH BMNONSAPHBLIA UCTOYHMK, @ €ro CPeAHIo TOYKY COEAMHSIIOT C
obwen WwuHOM (3a3eMNai0T), OTHOCUTENILHO KOTOPOM  U3MEPSIHOTCS
HanpsbkeHus +U,n —U, paBHble £3B...+£15B. [N NOAy4YeHUs HY>XHbIX

CBOWCTB K [IOMNOSIHUTENbHBLIM BbiBoAaM OY MoakIoyaloT 3BeHbs 06paTHOM
CBSI3M.

2. XAPAKTEPUCTUKMN U NAPAMETPbI OY

Be3 obpaTHbix cBa3en QY He MNpUMEHsieTCs M3-3a ero 60/bLOoro
KoadpduumneHta ycunenuns (ana naeanbHoro QY K= o0; Rex = 0 Rex= 0 U
H6eckoHeyHas nosoca 4acTtoT YCUAMBAEMOrO CUrHana), BCNeAcTBME 4ero
[aXe He3HauuTeNnbHas aCMMMETPpUS nfedy BXOAHOro AnddepeHunanbHOro
YCUNIUTENS MW BEeCbMa Masioe BXOAHOE HanpshkeHue MOoryT MNpuBECTU K
HacblweHuo OY (dopmupoBaHuio Ha Bbixoge OY HanpspkeHus, 6namn3koro
MO YPOBHIO K Harps>XeHUo NUTaHUS) N ero HecnocobHocTn obpabaTtbiBaThb
BXOAHbIE CUMHasbl.

MoakntounB 3BeHO oTpuuatensHon obpatHoun cea3m (OOC), cocTosiliee
N3 AByX pe3nctopos (aenutens), Hanpumep, Roc~ 200 KOM n R~ 5 KOM
MEXAY BbIXOAOM M MHBEPTUPYIOWMM BXOAOM M COeAMHUB Bxoa H ¢ obuien
TOYKON, MOMy4YMM UHBEpTMpylOWMA ycunutenb (puc. 25.2, &) c
(pMKCMpOBaHHbLIM KO3(PPULMEHTOM ycuneHus, amMnNAnTy4Has
XapaKTepucTuKka KOTOpOro U, = f(u,) n3o0bpaxeHa Ha puc. 25.2, 6, Ha
KOTOpOW HanpsbkeHne cMewenns Usm = Usixo/ Kuoc (NPU Usex = 0) eCTb
npvBeAeHHbIn Kk Bxoay OY papend Hyns Usxo Npn Usc = 0 OT Bcex

ROC uBb!X ROC u6le

R: U SI/K Uem
D-D> 00 Usx 0 ex
‘l’u ‘l’usm 0 )-V Usbix 0 Y
i1 1
uGX
D Kyw-te O o T aRe 7
Rl Rl

Puc. 25.2
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Aectabunumanpyowmx hakTopos.
CxeMa  HEWHBEPTUPYIOLWLErO  YyCuIuTens W ero  amnauTyaHas

XapaKTepuCcTUKa rnpeacrasBneHbl Ha puc. 25.2, B, .
OcHoBHbIMM napameTpamu QY ¢ OOC aBnaoTc:

e KO3(DUUMNEHT yCUNEHNs HanpsXXeHUs Kuoc = AlUswxf/ AUsx, TOE Alsx —
Pa3HOCTb MOTEHUWanoB MexXay BXOAHbIMW BblBOAAMW, U HE 3aBUCUT OT
kKoacdhduumeHTa ycunenms camoro QY (Ku = 10°..10°. [ns
nueeptupytowero OY ¢ OOC Kuoe  NpUBAMKEHHO oOnpeaensieTcs
OTHOLUEHNEM COMPOTUBNEHMN pPe3UCTOpoB Roc U R 3BeHa OOC no
HanpsHKeHWo, T. €. Kuocx — Rod Ri.

KoapdumumeHT ycuneHus HeuHsepTupylowero ycunutenss (CMm. puc.

25.2, B) Kyoc ®Roc /Ry +1.

MaKcuManbHOE 3HAYEHME HanpPsHKeHUs, NMPU KOTOPOM HENTMHEWNHbIE
NCKaXXeHnst NpeHedbpexunTenbHo Manbl, U, max = Ky, = (0,8...0,9)U,, T. €.

MeHbLUe HanpsXxeHus nutaHnga U, Ha 0,5 ...3 B B 3aBMCMMOCTM OT YPOBHS
Uy

e BXOAHOE COMpOTUB/EHNE A1 Pa3HOCTHOINO CUrHana Mexay BXxoAamu
OY Ha HU3KOM YacToTe Rax~ 103...107 OmM;

e BbIXxOAHOE cornpoTtusBneHne Rsx< 100 OMm;

e BXOAHOE HanpshkeHne cMelleHns Hyns Us (eanHuubl MUAANBOSLT) —
anddepeHUManbHOe HanpshKEHUE, KOTOPOE HYXXHO MNPUNIOXUTb Mexay
Bxogamn QY, 4uTobbl ero BbIXOAHOE HarpshXeHue B OTCYTCTBME BXOAHbIX
CUrHANoB CTasno paBHO HyNIO;

e 4ACTOTa cpe3a /3, cooTBeTcTBYtoWas cnagy AYX OY Ha 3 ab;

e 4ACTOTa €AMHUYHOrO ycuneHusa £ (AoCTUraeT coTeH Mmerarepu), T. €.
YyacToTa, Npu KoTopon K, = 1;

e CKOPOCTb HapacTaHus BblIxoAHOro HanpsbkeHus (v ~ 1...100 B/Mkc)
Npyv nogayve CTyneH4YaToro HanpshKeHWs Ha BXO4 M KOPOTKOM 3aMblKaHUK
BbIXOAa Ha MHBEPTUPYIOLLMIN BXOA;

e BpEMS YCTAHOB/IEHMS BbIXOAHOro Hanpshkenuns (&= 0,05...2 MKC) OT
0,1 no 0,9 cBOEro ycraHOBMBLLErOCH 3HAaUYEHUS.

OaHMM K13 BaXHbIX goctomHCTB QY  gaBnseTca  nopasneHue
(ocnabneHne) CWHMA3HOrO cUrHana Usecw = (Usa +  Usx)/2,
COOTBETCTBYIOLLEr0 paBHbIM MO 3HAYEHUIO M OAMHAKOBBLIM MO 3HaKy
HaNpsHKEHUSIM, MPUIOXKEHHbIM K 0bouM BxogdaM. KoadpduumnmeHToM
ocnabneHus cMHgasHoro curHana

Koc.c¢7 = 20|g(Kuoc//(c¢) = 60...120 ,EI,E,
rae Kuoc — KOIDPPUUMEHT YCUNEHUS HAMPSKEHUS Usx.cp, MPUNOXEHHOIO
Mexay BXOoAHbIMK BbiBoAaMu QY, T. €. pa3HOCTHOIO HanpsXeHUs AU = Usa
— Us; Kop = Usbixscgf Usxcp — KOIDPUUNEHT YCUNEHNS HANPSIIKEHUS Usx. ey
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MPUNOXEHHOrO MeXay 06LEeN WKMHOM 1 KaxkabiM BxogoM QY. Yem 6onblue
Koc.cgy TEM MEHbLUYIO Pa3HOCTb BXOAHbIX CUrHAsIOB CMOXET pas3nimyuutb OY
Ha oHe 60NbLIOro CMHGA3HOMO HAMPSHKEHMS!.

dopMnpoBaHUe HanpsxeHus Ha Bbixode OY B OTCYTCTBME BXOAHbIX
curHanoB  (gpevigp  Hysis) OBYCNOBNEHO  HEMOSIHOM  MAEHTUYHOCTbIO
HanNps>KEHUA  SMUTTEPHbIX  MEPEXOAOB  TPaH3WCTOPOB  BXOAHOMO
o depeHumansHoro ycunutens, N3MEHEeHNeM TemnepaTtypsl
OKpY>KaloLllen cpeabl, NapaMeTpoB WCTOYHUKOB MWUTaHUSl, CTapeHWEM
AKTMBHbIX 3/1IEMEHTOB CXeMbl W T. N. BBeaeHMeM BHeWHMX Lenen
KoppeKLumm (6anaHcMpoBKM), NOAKNH0YAEMbIX K cneunasnbHo
NpeayCMOTPEHHbIM ANns 3Ton uenu BbiBogaMm OY, MOXHO KOMMEHCMPOBaTb
MOrpeLwwHOCTH, OBYCNOBNEHHbIE AENCTBMEM BCEX MEPEUNCIEHHbIX BbILLE
AecTabunmaunpyowmx hakTopos, NPUBOAALLMX K Apendy Hynsl.

3. MAPAMETPbI OY TUIA AD846

B 6ubnuoteke MS10 uMMeOTCA J/IMHEMHbIE W HENWHEMHble Moaenu
OMEpPaUMOHHbIX ycunuTenen c Tpemsi, nsaTblo M 6onee BbiBOgaMM AN
NOAK/OYEHMS UCTOYHUKOB HanpshKeHWs, BXOAHbIX U BbIXOAHOrO CUrHanos,
Luenen o6bpaTHOM CBA3M M KOPPEKTMpYloWMX uenenh. [ns npoBedeHus
nccnegoBaHMn  BbiIGMpaeM  MoAenb  LIMPOKOMOSIOCHOMO — OMnepauvoOHHOro
ycvnutens AD846 dupmbl-usrotosutens Analog Devices, napameTpbl
KOTOpOW npuBeaeHbl Ha puc. 25.3, u mogens LM741 cdupmbl National
Semiconductor Products.

opaMP | SUBCKT ADB4E_OPAMP_1123

* A= 500000 Rl= 10000 RO= 16 VSW+= 10 ¥Sw-= 10
“Woz= 2.5e-005 Ibe= 1.5e-007 loz= 2.5e-011 SR+= 4.5=+003
ADB46 | fu= Be+007 fp2= 1e+032 CC= 15011

A (K,) = 500000 — koapduumeHT ycunenus (6e3 OC) no HanpsaxKeHuto; Rl (Re) = 10 KOm — BxogHoe
conpotusneHune; RO (Rawx) = 16 OM — BbixogHoe conpotusienmne; VSW (Uswxmax) = = 110 B — maKcu-
MasIbHOE BbIXOAHOE HaNPAXKeHWe, MPU KOTOPOM HeSIMHENHbIE UCKAXKeHUA NPeHeBbpeXKUTeIbHO Masbl;
Vos (Ucy) = 0,25 MKB — HanpsaxkeHne cmelleHus; Ibs (le) = =1,5-107 A — BxogHoi1 Tok; los (I12) =
2,5-10 A — pasHOCTb BXOAHbIX TOKOB, NPMBOAALLAA K CMELLEHUIO HyNA Ha Bbixoge; SR(+)(v) = 0,45
B/HC — CKOpOCTb HapacTaHus BbIxoAHoOro Hanpsxewus; fu (fi) = 80 Ml — yactota egUHUYHOrO
yeunenus; fp2 (f2) = 1-10%2 Mly, — yactoTa BTOPOro nostoca nepeaaToyHon xapaktepuctuku; CC (Cy) =
0,15 n® — EMKOCTb KOPPEKTUPYIOLLLETO KOHAEHCATOPA

Puc. 25.3

Kak cnegyeT mn3 puc. 25.3, ans nutaHus ykasaHHoro tuna QY Tpebyetcs
HeboNbIION TOK, MNpuM 3TOM OBECNEeYMBAETCS  BbICOKOE 3HAYEHMWE
npov3BeaeHNs KO3a(dPULUMEHTa YCUIEHUS Ha LWMPUHY NOSIOCHI NMPOMYCKaHWS
KuAf v BbICOKasi CKOPOCTb HapacTaHUsl BbIXOAHOIO HanpshkeHus. Mo3ToMy mx
MOXXHO PEKOMEHAO0BATb K UCMOMb30BaHNIO B KA4eCcTBe ObICTpOAENCTBYIOLLNX
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MHTErpaTopoB, LM(MPO-aHANOroBbix Mpeobpas3oBaTenen, B CXeMax ApYyrux
YCTPOWCTB, TpebyroLmx HEOONbLLOro HaNpsXXEHNS CMELLEHNS U HEBObLIOro
Aaperda 3Toro HanpshkeHusl, 60/bLIOro BXOAHOrO COMPOTUBIIEHUS, BbICOKOM
CKOPOCTM HapaCTaH1s U LUMPOKOWN MOMOChl MPOMYCKaHUS CUrHana.

4. ®YHKUMNOHAJIbHbIE Y3Jibl HA OCHOBE OY

Ha ocHoBe OY CTposT @YyHKUMOHAMbHbIE Y3Mbl AN  BbIMOSHEHMUS
pa3nNyHbIX MaTeMaTuyeckux onepaumn (puc. 25.4): nosropuresb (&),
BbIXOAHOM CWUrHan KOTOPOro MpaKTUUYECKU PaBEH BXOAHOMY, MHTErPATOp
(6), BbIXOAHOW CMrHan KOTOPOro MPOMOPLMOHANEH MHTErpasy rno BPeEMEHU
OT €ero BXOAHOrO curHana, Aguggeperuymnatop (B), BbIXOQHOW CUrHan
KOTOPOro MponopuMOHaneH MNpON3BOAHOM OT €ro BXOAHOrO0 CUrHana,
U36MpaTesibHbIv ycnmTeis (r), YCUNMBAIOWNA BXOAHOW CUrHan B Y3KOW
nonoce 4acrtot, cymmarop (4), BbIXOQHOE HarnpshKeHMe KOTOPOro paBHO
MHBEPTUPOBAHHOW CYMME BXOAHbIX HAMPSHXKEHWUM, U Ap.

MapameTpbl KOMMOHEHTOB CXeMbl ONpeaensitoT U3 YC/I0BUS MOSyYeHus
NpuMeMnemMonM TOYHOCTM  BbIMOSIHEHUS  onepauuwi. Hanpumep, ans
YMEHbLUEHUSI OLWKMOKM WMHTErpupoBaHuUs M BIIMSIHUST BXOAHOMO TOKa W
HaNpsHKEHUs CMeLLeHUa napannenbHo KoHaeHcaTopy C uHTerpatopa (CMm.
puc. 25.4, 6) noaknl4YalT pe3ncTop, CONPOTMUBIEHWE KOTOPOro
3HaunTeNbHO bonbLle CONPOTMBIIEHNS Ri.

a7 o e 0
R1 C
vy oleal e[l

O
o ‘L l,ueb/x Yox \l/ \l,Ueblx
o——o
st\l/ \l/Usblx l r i i [ du i
i Ugbix = Uex 8bIX — ) jugxdt Ugpix =—RC Tsx
I} Co ua o — Roc
’ Roc 1 9) - 1
oc :

- P Rs luw
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o merH L 3
1

R
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Puc. 25.4 1

C ToM xe uenbio B auddepeHuMaTope MocCnedoBaTeNbHO C
KoHAaeHcaTtopoM C(cM. puc. 25.4, B) BKIOYAOT pe3nctop. Kpome Toro, npu
MOAENMPOBaHMM MPOLECCOB MHTErpuUpoBaHns 1 anddepeHUnMpoBaHnNS
BXOAHbIX CUrHanoB (MMNynbCoB), mcxoas M3 cBouMctB OY M CKOPOCTU
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N3MEHEHMs1 BXOAHbIX UMMYNbCOB, onpeaensioT AONYCTUMYIO MaKCUMasibHYHO
ANUTENbHOCTb BXOAHOIO CUrHana Ans MHTerpatopa MU MUHUMasbHYHO AN
A depeHumaTopa.

[AnanasoH WHTErpupoBaHus peasnbHOro MHTerpaTtopa OrpaHuYeH CHU3Y
YyactoTon curHana we = 1/RAK, + 1), a cBepxy Yactoton wes = (Ku +
1)/ 7oy, TOE 70y — NOCTOSIHHAA BpeMeHn OY, a A0onyCTUMOE MaKCuMasbHoe
BpeMA WHTErpupoBaHusA fumax << 7 = RC. [lpn 3TOM B MWHTerpaTope
AOMKHbI 6bITb BBEAEHbI  BHELUHWE Lieny NpUHYANTENBHOro ero 0bHyneHus,
TaK KaK BbIXOAHOE HanpshkeHne UHTerpaTtopa paBHO
1t 1 YU,

C,. _([lCdt = Uex.O _C_oc'(’; Rl dtl
roe Usxo — 3HAYEHME HaMpsKeHUs Ha 3aXXMMax KOoHAeHcaTopa B MOMEHT
Hayana HOBOW BOJIHbI MHTEMPUPOBAHMS NEPUOANYECKOrO CUrHana.

Ha npakTuke npu WMHTErpupoBaHMnM BblOMPAKOT MOCTOSIHHYIO BpEMEHMU
3BeHa obpaTHou cBs3n r = RC no KpanHen Mepe, B 10...100 pa3 6onblue
ANUTENbHOCTM BXOAHOrO CUrHana, a npu anddepeHuMpoBaHun eé
Bolbupatotr B 10...100 pa3 MeHblle AIUTENBbHOCTU HapacTaHus (POHTa
BXOAHOIrO cMrHana u, Tem bonee, CyLWeCcTBEHHO MEHbLLE ero AUTENbHOCTW.

YYEBHbIE SAAHNUA U METOOAUYECKUE YKA3SAHUA
K UX BbIMOJIHEHUIO

3apaHue 1. 3anycTtutb nabopaTopHbId koMnniekc Labworks u cpeay
MS10 (WENKHYB MbIWbKD HAa KOMaHAe DKCNEPUMMEHT MEHI0 KOMIJeKca
Labworks). OTkpbITb pain 25.5.ms10, pasmewénHbii B nanke Circuit
Design Suite 10.0 cpeabl MS10, nnn cobpaTtb Ha paboyeM none cpeapl
MS10 cxeMy ana uvcnblTanus uHBEpTUpYowero youmrensd Ha OY (puc.
25.5), O3HAKOMMTbCA C METOAMKON pacyéTa MapaMeTpOB 3/IEMEHTOB

Uspix = U ex:0 T
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CXeMbl W YCTAHOBUTb WX B [AMANOroBblX OKHAxX KOMIOHEHTOB.
CxkonupoBaTtb cxeMy (puc. 25.5) Ha cTpaHuly OT4éTa.

1.1. WHBeptupytowmn ycunutenbs (puc. 25.5) cobpaH Ha OY Tuna
AD846, napaMeTpbl KOTOPOro NpueeaeHsbl Ha puc. 25.3.

BxoaHoe HanpshkeHue OT WUCTOYHMKOB MOCTOAHHOrO HanpskeHua E1,
NPAMOYronbHbIX UMNybCoB E2, cuHycomnaanbHoro HanpshkeHnsa E3 nocpea-
cTBOM Bbiktovatenen (kmoden) A, B n C nogaérca Ha WHBEPTUPYIOLWNIA
Bxoa OY uepes3 pesnctop R1, conpotueneHne Ry = 10 kKOM KOTOpOro, B
OCHOBHOM, oripefenisieT 3Ha4yeHne BXOAHOro COMNpPOTUMBEHUS ycunuTens, T.
€. Rex ~ Rt = 10 KOM. C nomoLubio noteHunoMmeTpa ROC € CONpoTUBNEHMEM
Roc = 500 kOM obecneumBaeTcs oTpuuaTtenbHas napannenbHas obpaTHas
CBSI3b MO HArpshKeHWIO.

MNpn Roc= 500 KOM KO3(PPUUMEHT YCUNEHUS NO HAMPSXKEHUIO

Ky = —R,. /Ry =-500/10 =-50.

[ns yCTpaHeHns pa3nmMums conpoTuBieHn Ha Bxodax OY n ocnabneHus
CWMHA3HOro cMrHana B Uenb HeMHBEPTUPYIOLWEro BXoAa BKKOYEH pe3ncTop
R2 c conpoTtueneHnem R, =10 xkOm.

Mpn 6onbwom  koapdpuumeHte QY K, = 500000 BbIXOAHOE
COMNPOTUBIEHNE CMOAENTMPOBAHHOM CXEMbI 6IM3KO K HYIO, T. €.

Rescoc = Rege (L+ Roe / R1)/ Ky =16 - (1+5-10°/104)/5-10° #1610 Om.

MockonbKy conpoTuBneHne Harpy3ku ana QY, Kak npasuio, AOMKHO
6bITb He MeHee 2 KOM, BblbnpaeM pesuctop R3 ¢ conpotueneHnem Rs = 2
KOM.

1.2. CHATb 1 NOCTPOUTb AMMIUTYAHYIO XapakTepuctnky OY Uswx =
fusx), onpeaenuTb No Her HanpshxeHne cMmeleHns U, ANHaMU4YecKun
AVanasoH U Ko3(@UUNEHT yCUneHus Kuoc = AlUswn/ AUsy, CPABHUTb UNX C
pPacYyéTHbIMM 3HayeHusMM. C 3TON Uenbid 3aMKHYTb Kiod C py,
CcTyneH4yato (C WHTepBasiOM B 50 MB) mameHsas D4C £ = Us
MCTOYHMKA MOCTOSAHHOrO HanpshkeHns E3 B rpaHuuax —300 mB ... 0 ... 300
MB, 3aHOCMUTb NokasaHusa npubopa V1 B COCTaBNeHHY0 Tabnuuly.

1.3. C nomMowbio ocumnaorpaMM npuv  BXOAHOM  CTYMEHYaTOM
HanpsbkeHnn  onpeaAenuTb CKOPOCTb  HapacTaHuMst vV BbIXOAHOrO
HanpsbkeHnst (NpyU ero nepexode 4yepe3 HyneBOe 3HayeHue) U BpeMmsl
YCTaHOBNEHUS & C 3TOW LENbIO PA3OMKHYTb K/Ttod C M 3aMKHYTb K04
B, noaknwumB, TEeM CaMblM, K WHBEPTUPYIOLWLEMY BXOAY WCTOYHUK

NpSAMOYronbHbIX uMnynbcoB E2 ¢ amnoutymom £, = + 0,1 B,
ANNTENbHOCTBIO MMNYNbCOB &, = 25 MKC 1M nepuogoMm 7 = 100 MKC umx
NOBTOPEHWSI.

YCTaHOBMUTD:
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- B 3aknagke B OTKpbIBaOLLEMCS OKHe MEHI0
Simulate/Analyses/Transient Analysis/Maximum time step
settings (Tmax = 1e-009 sec) war MoaenMpoBaHNS fmax = 1 HC;

— napameTpbl UCTOYHUKA E2 1 pexkuM paboTbl ocumnnorpada XSC1.

Bocnosnb3oBaBlWIMCG  BU3BUPHBIMKM  IMHUSIMA U OCUMANIOrpaMMamu
Hanps>XeHW, NPOBECTU U3MEPEHMUSA BbIXOAHOIO HAMPSHKEHUS AlUsyx NPU
ABYX 3HAYEHMSIX BPEMEHWN €ro HapacTaHus.

B kauvectBe npuMepa Ha puc. 25.6, @ npmBeaeHbl OCLUMANIOrpaMMBbl
HanpskeHun npu &, = 50 MKC, C NOMOLLbIO KOTOPbIX HaWAeHa CKOpPOCTb
HapacTaHUsA BbIXOAHOrO HamnpsKeHUs! V= Au,,, /At =2/1-107° =2 B/mkc U

BPEMS YCTAHOBNEHWUSA lycr = fy9u — lh,1u = 8 MKC, paBHOE OTPe3Ky BpEMEHU, B
TeyeHne KOTOPOoro BbIXOAHOE HarnpshkeHne Hapactaetr ot 0,1 go 0,9
yCTaHoBMBLUErocs 3HadYeHUst Usexycer = 9,97 B.

1.4. C nomowbto ocuunnorpacda XSC1l onpepenutb Ko3(hhUUMEHT
ycunenust Ku.oc OY no nepeMeHHOMY HanpshKeHWo, a C MOMOLLbIO NI0TTepa
XBP1 nonyumntb ero AYX no HanpspkeHuto. Bocnonb30BaBLLMCL BU3MPHOW
NHWEN, onpeaRennuTb KO3MMULNEHT ycuneHus Ko Ha CpeHen 4acToTe,
YacToTy cpe3a f3 Ha KoTopon koadduumeHT K, cHmauncsa ao 0,707 ceoero
3HaAYeHWs, N eANHUYHYIO YacToTy £, Ha KoTopon K, = 1.

[ns atoro:

— YCTAHOBMTb B 3aK/agKke MnocrienoBaTeSlbHO OTKPbIBAKLWMXCS OKHaXx
MeHio Simulate\Analyses\Transient Analysis\Maximum time step
settings (Tmax = = 1e-005 sec) war M™opennposaHua (no
onpeaeneHunto) tmax = 10 MKC;

— Pa30MKHYTb K104 B 1 3aMKHYTb KoY A;

— YCTAHOBMUTb B ANanoroBoM okHe reHepatopa E1 3/AC £ = 5 MB n eé
yactoty f = 1 k4, a B AManorosBoM okHe nsiotrepa XBP1 — BepxHIow
4acToTy f= 100 My mogenupoBaHus AYX rno HanpsbkeHuio QY u
3anycTuTb nporpammy MS10;

— ckonupoBaTb rpadmk AYX ycunutTens Ha CTpaHuuy OTYéTa no
paboTe.

B kauectBe npuMepa Ha puc. 25.6, 6 npuBeaAeHbl OCUMANIOrPaMMbl
BXOAHOIMO W BbIXOAHOrO HarnpsbkeHun OY npu £ = 10 MB, a Hwxke -
3HAYEHUS  aMMAUTYL HarnpsbkeHus, C MOMOLLbI0 KOTOPbIX BblYMCIEH
KO3 (PULMEHT YCUNEHNSI CUHYCOMAANIbHOMO HaMNpshXKeHNs
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Kuoe ® =Umgen /Umer =— 705,2-10-3/14,14 -10-3 ~ -50.

e Henx Uzx

Time Channel_A Channel_B Time Chanrel_A Channel_B
T #M opzs240: 100000 my 1619 E * ¥ iasime tarsmw 705197 m
T2 gl | 204207 0= 100000 My 306 620 mW o=
Tz-T1 1.002 us -0.000 v 2015 Tz-T1

Timebase Channsl A Channel B Timebasa Channel A& Channel B

Seale |fl us/Div il Scale | 100 mWDiw Soale |2 ¥ Dl Seale |1 ms/Diw il Seale |20 myDiv Seale |1 WD
¥ position | 2.2 W position |0 ¥ position |-0.2 ¥ pasition | 0 ¥ position | 1.2 ¥ position |-1.6
[T add| Béa|ae| | ac| 0 JOC | Ac| o OC - | [¥iT ead| Bialae| [AC o |Dc| | [AC o |oc| -

a) 6)
Puc. 25.6

N3 aHanu3a nonydeHHblx AYX OY (puc. 25.7) cnepyeTt, 4TO BEpPXHSs
rpaHMLa Mosockl NpornyckaHus Ha ypoBHe K, /~/2 =50/1414~36 paBHa f; ~

504 My (puc. 25.7, &), a wactota A =~ 26 MIy (puc. 25.7, 6). Bua
XapaKTepuctuk otpaxaet AYX ycunutens nOoCTOAHHOro TOKa, KOTopas He

hoode
IW Phasze
Horizontal “artical
ITQ Lin | Lag IT
—\ F| 100 [hHz | F [ 100 |
1 jmz | [o |
Controls
k Rewverse | Sawve "Tl
ﬂ 503758 kHz 36.098447 =p 4-| 25902 MHz 1.020183 ﬂ G In W - +E O Out {5 —

a) Puc. 25.7 6)

MMeeT pe3Koro craga B 06/1acTh BbICOKMX YAcTOT, @ BEPXHAS rpaHU4YHas
4yacToTa MMeeT A0CTAaTOYHO 6onbLloe 3HaYeHne (AeCaTKM-COTHN Merarepu).

1.5. (BbinonHsierca pakynbTaTUMBHO). C NOMOLBIO CXeMbl (CM. puC.
25.5, ko4 A 3aMKHYT) MCCNeaoBaThb B/IMSIHUE HaMPSXEHUA UCTOYHWUKOB
nutaHna E4 v E5, conpoTtusneHnsa pe3nctopa Roc, conpotueneHns R3
Harpy3kn Ha KO3(MOUUMEHT YCUNIEHNS HANPSHKEHNSI U YaCTOTHbIE CBOWCTBA
HEVHBEPTUPYIOLLEro YCUNNTENS.
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3apaHue 2. OTkpbiTb ¢avin 25.8.ms10, pasMelléHHbIM B nanke
Circuit Design Suite 10.0 cpeabl MS10, nn1 cobpatb Ha paboyem none
cpeabl MS10 cxemy (puc. 25.8) ana ucnoltanHnsa uHTerparopa (kop 110
cocTosiHusl kntoden A, B n C: undpa 1 — Koy 3aMKHYT, umdpa 0 — Koy
Pa3OMKHYT), gupgepeHuymaropa (koa knoven 001) wn  uzbuparesibHoro
yowmresns (kon kmodein 011) Ha OY Tuna LM741 (K, = 2-10°) u 3apaThb B

— Xsc1

. R3 10M0) %
ExI THig
. I Coc H1|1F -
Key=B & ]
T y T LS S
py o 5' . Roc
L Key=0C  qpokn
ZBP1
T E1 15V -
- N ouT
Key= A et 17 33
R1 . \I OPAMP
! - 741 Al
10k c1'2nF :

. 2k
R2 + 1 L
10k0 I
E2\__ 15V

Puc. 25.8

ANanoroBbIX OKHaX NnapaMeTpbl 3JIEMEHTOB CXEMBbI.

CkonupoBaTtb cxeMy (puc. 25.8) Ha CTpaHuUy OT4YéTa.

2.1. Ha Bxopn wwHrerparopa (cm. puc. 25.8, kog 110) nopatb
NEepPUOANYECKMUI CUTHAN Usx NPAMOYTONbHOM hopMbl ¢ amnautygon U = 20
MB n gnutenbHocTbio nMmnyneca &, = 0,017 = 0,1 mMc, roe nepuoa 7= 1/F=
1/100 = 0,01 ¢, koTOpbIN (DOPMUPYETCS DYHKLMOHA/IbHBIM TEHEPATOPOM
XFG1 nocne ycTaHOBKM B e€ro AuanoroBoM OkHe (cM. puc. 25.9, cnpasa)
amnamtyabl (Amplitude) Us = = 10 MB, vactotbl (Frequency) f =
1200 Tu, pnutenbHoct (Duty Cycle) nonoXuTenbHOM MONYBOJSIHBI
MeaHapa B npeaenax nepuoaa 7, pasHou 1 %, u cmewenns (Offset) 10 mB
CUrHana no BepTUKann OT HYyNeBOro YPOBHSI.

Bbibpatb pexunMm paboTbl (KO3(@MUUMEHTbI YCUNEHUS BXOAHOIO W
BbIXOAHOMO KaHanoB M  Heobxoaumylo AUTENbHOCTb  pa3BepTKU  BO
BpEMEHN) B AMANIOroBOM OkHe ocuunnorpada XSC1 1 nameputb npu ¢ =
£, YpoBEHb NPaKTUYECKN IMHENHO HApacCTalOLWErO CUTHaNa Ussx Ha BbIXOAE
nHTerpaTopa (cM. puc. 25.9).
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CpaBHMUTb MOJTy4YeHHOoe 3HaveHne HanpsXXeHUs Uswx CO 3HaYEHNEM Usuix
ANS aeanbHOro MHTerpaTopa, paBHOro

Usex= — Usxts/ (R1Go) = — 10-103.10%/(10*10°) = - 0,2 B.

CkonupoBaTb (3apucoBaTb) OCUMAIOrPaMMbl BXOAHOIO U BbIXOAHOIO
curHasnos (cM. puc. 25.9) Ha cTpaHuuy OT4YéTa.

i
¥ . -
I == Function Generat... @
J'_ ey Wiaveforms
Lex . Signal Options
/ 77 L‘Sbu Frequency |1EIEI | Hz
| sx . . . . . Dty Cryele |1 | %
£, | ' ' ' ' ' Ampltude |10 |mp
R — Offzst [0 —=fmv
R IS =T
Tmehase Channal A Channel B
Scale W Seale IW Seale IW ge I?ﬂl_
¥ poition lﬂi ¥ pogition lﬂi ¥ pogition lﬂi Lewal Inilv_ |
[¥ add| Bea|ap| |[AD 0 |Dc| & [[AC 0 |DCf- % Type Sing.| Mer | Auto|[None -

Puc. 25.9

NMpuMmevyaHue. [Ing HarnggHoCcTM Ha puc. 25.9 ¢aza BbIXOAHOMO
CUrHana Us.x C MOMOLIBIO KHOMKW ocuunnorpada, pacrnosioXXeHHOM B
HUXXKHEN CTPOYKE YCTaHOBKM PEXMMOB ero paboTbl, M3MeHeHa Ha 180°.

2.2. YCTaHOBUTb NapameTpbl (yHKUMOHaNbHOro reHepatopa XFG1
(cm. puc. 25.10, cnpasa), CONPOTUBNEHUS PE3UCTOPOB: Ry = 5 KOM, Roc =
100 kOM, éEMKOCTb KOHAeHcaTopa (G = 2 HO M nopaTb Ha BXOA
anpgpeperynaropa (cM. puc. 25.8, koa 001) cdopMMPOBaHHbIN
rEHEpaAaTOPOM CUMMETPUYHBIA TPEYro/ibHbIM cUrHan ¢ amnantygon U = 0,5
B n nepmogom 7 = 5 Mc. U3MepuTb C NOMOLWbKD ocuunnorpada
aMMNIMTYZy BbIXOAHOMO CUIHANA Uswx MPAKTUYECKM MPSIMOYTrOnbHON (hOpMbl
(puc. 25.10) M cpaBHUTbL €€ 3HayeHue C PACYETHLIM 3HAYEHWEM AN
naeanbHoro anddepeHumaTopa no BpeMeHu

Useix= — ROCGUBX/tM = — 105210_91/2510_4 = — 80 mB.

CkonupoBaTb (3apucoBaTb) OCUMIOrPaMMbl BXOAHOIO U BbIXOAHOIO
curHanos (cM. puc. 25.10) Ha cTpaHuUy OT4YéTa.

2.3. YCTaHOBUTb B AMaNOroBOM OKHe (DYHKLMOHANbLHOrO reHepaTtopa
XFG1 (cM. puc. 25.10, cnpasa) amnnutyay HanpsbkeHuss 10 MB n pexum
paboTbl — "CMHYyconaanbHOe HanpshxeHue"; CONPOTUBNEHUS PE3UCTOPOB R
= 10 KOM U Roc = 500 kOM, éMKocTb kKoHAeHcaTopoB G = Coc = 1 HO U
noaartb Ha BX0oA U36UPaTesIbHoOro RC-ycnmresisa C
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nHTerpoanddepeHumnpytolen obpatHon cesdbto (cM. puc. 25.8, kog 001)
CchOpMMpPOBaHHbIN FrEHEPATOPOM CUMHYycOMAanbHbIM curHan. B ananorosom
okHe nnottepa XBP1 (puc. 25,11, cnpaBa) 3agaTb rpaHuLbl BEPXHEN U
HU)KHEN YacToT MoaennpoBaHus AYX yeunutens:  fz = 20 kl'u, £ = 200
U, rpaHuubl ypoBHen koadduumeHTta ycunenus (30 n 0), norapugpmmnye-

5
o=
1 e . 1
| == Function Generat... §
I - |
[ 1 Waveforms
Sy
/\‘\'//\ mlm L
| Loy Signal Options
| Frequency |2IZIIZI | Hz
I Duty Cycle |80 IE
[
| Amplitude | 500 | m
i Offset |00 [mes
|
Time Channel_A Channel_B
n ﬂﬂ| FeT0Gms  17.692 mv 80,003 mv Reverse
Timebase Channsl A Channel B Trigger

Scale | 1 ms/Div Scale | 1 WDiv seale [100mWDiv  Edge [F % ([T |

¥ position |0 ' position | 1.5 Y position |0 Lewel i W

[¥ add| Bea| & [[AC 0 |Dc| & [JAC 0 |ocf- % Type Sing.| Mor. | Auto |[Nane
Puc.. 25.10

CKYIO LUKaNy Ans 4acToT U NnHenHyo ans AYX.
M3MepuTb C MOMOLWILIO BU3MPHOM JIMHUM B OKHE N/OTTEpA
MaKCMMasibHbIN KO3 MULUNEHT YCUIEHNS HA KBA3MPE30OHAHCHOM YacToTe
fo =1/(27R1RocCiCoc ) =1/(2- 3144104 -5.105 -10~° .107°)=2281Tu.
PacuéTHoe 3HayeHune
Kumax = RocC1/[Ri(Cy + Coc)] =5-10° - 1072 /[10% - (10~° +107°)] = 25.

OnpepennuTb MOMOCY MNPOMYyCKaHUs M3bMpaTenbHOro YyCunuTens Ha
ypoBHe 0,707 Ku.max.

% Bode Plotter-XBP1

fulade

[hegnitude Phase
Horizontal “irtical
ITQ Lin | Lag Lin

Flzo |kHz  F |20 |
e [He o |

Controls

Hexrer“sel Sawe | Set... |

ﬂ 7.23% kHz 24 245706 ﬂ + In - (T Ont -
Puc. 25.11
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CkonupoBaTtb rpadpuk AYX wusbupatenbHoro ycunutens (CM. puc.
25.11) Ha cTpaHuuy oT4yéTa.

COAEPXXAHUE OTUYETA

1. HanmeHoBaHue n uenb paboTol.

2. MNepeyeHb NpnbOpPOB, MCNOSIb30BAHHLIX B 3KCMNEPUMEHTAX, C UX KpaT-
KMMU XapaKTepUCTUKaMM.

3. N306paxkeHns1 aNeKTPUUYECKNX CXEM UCMbITAHUS HEMHBEPTUPYIOLLEro
yemnutenss Ha QY, u 0606LWEHHON CXEMbl WCMbITaHUS WHTErpaTopa,
anddepeHumaTopa 1 nsbupartenbHoro ycunutens Ha OVY.

4. Ocumnnorpammbl BXOAHbIX W BbIXOAHbIX CUIHANOB W rpaduku
aMMNIUTYAHbIX M YaCTOTHbIX XapaKTePUCTUK YCTPOUCTB Ha OY.

5. BoiBOoAbl MO paboTe.

TECTOBbIE 3A[JAHUA K PABOTE 1 (Lr25)
1. YkaxuTe, Kakme Kackafgbl YCUneHus BXoaaT B coctaB QY?

O 3...4 ycunuTensa HanpsbkeHus Ha MNONEeBbIX TPAH3UCTOpax C
0obWMM WCTOKOM U C HENOCPEACTBEHHON CBS3blO  Mexay
Kackagamu
Tonbko anddepeHunanbHble Kackazbl YCUNEHNUS HanpshKeHns
O Ha Bxogme - auddepeHuManbHbii YCUNUTENb, 3aTeM
MPOMEXYTOYHbIE YCUIUTENW, @ Ha BbIXOAE — [ABYXTAKTHbIN
YCUNUTENb MOLUHOCTW, BbIMOSIHEHHbLIM Ha KOMMJIEMEHTAPHbIX
TpaH3ucTopax, paboTalowmux B peXmMe  3MUTTEPHbIX
NOBTOPUTENEWN
O TonbKo Kackafibl yCUNUTENEN MOLLIHOCTU
2. Ykaxute 3HayeHus paudgepeHUnanbHOro 1 cuHgasHoro
CUrHaNoB Npv nogaye Ha MHBepTUpYyoWMA Bxoa OY HanpsKeHUs Usa =
0,545 B, @ Ha HEMHBEPTUPYIOLLMA — HaNpPshKerns Use = 0,541 B.

a) ANDDEDEHLNAEIIbHBIV CUMHAT.
o5MB o0 4mB o3MB o02MB
0) CUH@A3HBIVI CUIrHAJT.
o 0,541 Bo 1,086B o0 0,545B © 0,543 B
3. Ykaxute koadduumeHTbl ycunenma Kuoc OY npu R = 10 kOm,
Roc = 490 KOM 1 koapduumerte QY K, = 10°:

a) wHeBeptupyrowero OY:

0 49 050 04900 05000

©)
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6) HenHBepTupyrowero OY:
049 050 04900 © 5000

4. YKaXXUTe BbIXOAHOE HarnpsHKeHUe Uz MHBepTupyowero OY npu
R = 10 kOM U Roc = 500 kO™, ecnu BxogHoe auddepeHunanbHoe
HanpsHKEHUE Usx = 4 MB.

o+04B o +0,2B o -048B o -0,2B

5. YKaxuTte, C NOMOLbIO Kaknx cpeacTB U NPpUEMoB obecrneymBaeTcs
Hy/1ieBoe Hanps>XeHue Ha BbixoAe OY B OTCYTCTBME BXOAHbIX CUrHaNoB?

] NMoanep)xmBaeTca paboyas TeMnepaTypa, YkasaHHas dupMmon-
nsrotosutenem OY
'] Wcnonb3yeTcs ABYXMONSIPHbIA U CUMMETPUYHBIA  UCTOYHMK
nuTaHua, Hanpumep, + 15B
1 B coBpeMeHHbIXx QY B OTCYTCTBME BXOAHbIX CUrHANIOB BbIXOAHOM
CUrHan Bcerga paBeH HYK0 U He TpedbyloTcs cneunasnbHble
NpuéMbl KoppeKkLmmn ero paboThbl
[ CHabxatT QY cneuvanbHbiMU 3BEHbSIMU, MO3BONSAOLWLMMU
NyTéEM peryimpoBKu YCTPaHWUTb BO34ENCTBME HAMpPsHKEHMS
CMeLLEeHUNS Hyns
[ AnuTenbHoOW npeaBapuTenbHON "TpeHnpoBkon” paboTtbl OY

6. Ykaxute, nodyemy A4YX OY He uMeeT 3aBana B 06/1aCTU HU3KUX
4yacToT?

O B QY OTCYyTCTBYIOT pa3fenuTeNibHble KOHAEHCATOpbl Mexay

KacKagamu
o OHM M3roTOB/IEHbI HA KOMMJEMEHTAPHbLIX TPAH3UCTOpaX,
obecneumBaloWmMx WMOAEHTUYHOCTb ned anddepeHumnanbHOro
ycunutens

O B HMX BBeAEHbl KOPPEKTMPYIOLIME 3BEHbS, aBTOMATUYECKM
noaAepXMBaloWNe HEU3MEHHbIM  KO3IMPMDUUMEHT YCUNEHUS MO
Hanps>XEHWIO B ANana3oHe YacToT OT HyNs A0 YacToThbl Cpe3a

O  Bcneacteue rnybokon OTpuUATENBHONM 06paTHOM CBSI3W MO

HaNPS>XEHNIO U TOKY

7. YKaXute OCHOBHYHO MpPUUMHY, nodyemy OY 6e3 obpaTHbIX CBSA3EN
HenocpeACTBEHHO B Ka4eCTBe YCUUTENS HE NPUMEHSIETCS?

O HM3KMW N He CcTabunbHbIN KOIDDUUMEHT yCuneHns K, aaxe y

ogHoro Tuna QY
O OTcyTCTBME BO3MOXHOCTU 3a4aTb KO3 DULNEHT Ky
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o BblCOKM KO MDULMEHT YCUNEHUS N, KaK CNeACTBUE, BbICOKas
4yBCTBUTENBbHOCTb OY, KOTOpasi NpMBOAUT K €ro HacCbIEHUIO U
HecnocobHocTK 0bpabaTbiBaTb BXOAHbLIE CUIHANbI

O Hanunuue anddepeHUmnansHoro kackaaa B cxeme OY

O  TpebyeMbl BbICOKMA YpoBeHb (= 1 B) BXOAHOro pa3HOCTHOro

curHana

8. VYkaxute, B ycTtpouctBax Ha QY Bceraa nm dopmupyeTcs

MHBEPCHbIN BbIXOAHOWN CUrHan?
O a O Het

9. VYKaxuTe COOTHOLUEHMEe Mexay BXOAHbIM W BbIXOA4HbIM

CONPOTUBNEHUAMN HeUHBepTUpYoLero QY.
O Rex~ Rasix O Rex = Rex = © O Rax << Reoix O Rex >> Reux

10. YKaxuTe COOTHOLWUEeHMEe Mexay AJSIMTENbHOCTbIO &, BXOAHOro
MMMNynbca U MOCTOSHHOM BpeMeHn 7 = RC 3BeHa OOC Mo HanpshKeHWto
oy.

d) B MHTErpaTope:.

oty =1 oti>r oti<rt oty=1?
0) B guggepeHNaTope:
Otnz’[ OtM>T OtM<T Otuzfz

11. YKaxuTe KBa3MpPE3OHAHCHYID 4acToTy f wu3bupatenbHoro
yeunutens (cM. puc. 25.8) npn Rt = Roe= 10 KOM 1 G = Coc = 4 HO.
O 16 kly 012 kly O 8 kly, O4 kly
12. YkaxnTe, BeJIMKO &I HanpshxeHue mexay sxogamu OY npwu
ero pabote B pexuMe JIMHENHOrO YCUNEHUS?
O MpaKTMyeckn paBHO HYO
O Benuko, 6onee 1 B
O [AnanasoH BXOAHOro Hanps»XeHns 3asucuT oT Tuna QY
O Usx > Un[2, The U, — HanpsbkeHne nutanuns OY
O Usx = Un/ Ku.oc
13. YkaxuTe, Kakyilo ¢OpMy npuobpeTaeT BbIXOAHON cuUrHan
nHBeptupyowero OY npuv  3HaUUTENbHOM  YBEIMYEHUU  BXOAHOrO
CMHYCOMAANbHOIO HanpsXXeHus?
O BunonsipHble NonyBONHbLI, 6nIM3KNE K TpeyronbHon dopme
O BunonspHble nonyBosHbl, 6/M3KME K TpaneumvaanbHoOW
dopme
O B BMAe NpsIMOYrosibHOW BOJTHbI
© OcTaéTca cMHyconaanbHOM
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14. YkaxuTe npuHUMNManbHoe oTanume anddepeHumanbHOro
onepaunoHHOro ycunutens oT andgepeHumansHoro kackaaa.
O AnddeperumanbHbii OY 6onee 4yBCTBUTENEH K BHELLHUM
CMH(A3HbIM NOMexaM
O AnddepeHumanbHein  OY oxBaveH BHewHen OOC w
npegycMaTpueaeT  obsizaTeslbHOE  MCMNOJSb30BaHWe  06omx
BXOZ0B
O y anddepeHumanbHoOro oy Masnoe BXOAHOE
COMNpOTMBIEHME
O Y  anddepeHumanbHoro OY  HeT  HeobxoaAMMOCTU
obecrneunBaTb OAMHAKOBblE KO3(PMUUMEHTbI MNepegayn oT
0bonx BXoaoB

15. YkaxunTe rnaBHbIi HEAOCTATOK MHBEpPTUpYtoLero OY.

© HeBbiCOKOE BXOAHOE COMPOTUB/IEHME

O Bblcokoe BbIXOIHOE COMPOTUBIIEHNE

O HeBo3MOXXHO  3agaTb  HeobxoauMbin KO3 MDULIMEHT
yCUNeHust

O [lo6aBneHne BXOAHOW CMH(A3HOM MOMEXWN K BbIXOAHOMY
curHany
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JlabopaTopHas pa6orta 2 (Lr29)

JIOT'MYECKUE 3JIEMEHTbI U CXEMbI
LLEJ1Ib PABOTbI

O3HakoMneHue C OCHOBHbIMU XapaKTepPUCTUKaMun JIOrNMYeCKnX
3JIEMEHTOB U OCHOBAMWN CUHTE3QA JIOTUYECKUX CXEM.

TEOPETUYECKME CBEAEHUA N PACHETHbBIE ®OPMYJibl

1. ONPEAENEHNA KOMBUHALIMOHHbIX U
NOCNEAOBATE/IbHOCTHbIX YCTPOMNCTB

YcTponcTBa, peanuayrlowme @yHKUMM anrebpbl I0rMKK, Ha3biBaloT
JIOTNYECKUMU VNN LU@PPOBLIMU W KNACCUPUUMPYIOT MO pasiNYHbIM
OTNINYUTENBbHBLIM NPU3HaKaM. Tak, No XapakTepy MHMOpPMaUMM Ha BXoAax M
BbIXOAAX JIOTMYEeCKMe YCTPOWCTBA MOAPA3AENslOT Ha  YCTPOWCTBA
MoCneqoBaTeNbHOrO, MNapaafieNlbHOr0 W CMELAHHOrO AEWCTBMS, a Mo
CXEMHOMY pELLEeHUI0 U XapaKTepy CBS3M MeXAy BXOAHbIMW U BbIXOAHbLIMU
NEepeMEHHbIMM C YYETOM UMX U3MEHEHWss MO TakTaM paboTbl — Ha
KOMOMHALUMOHHbIE 1 NnocnefoBaTelbHOCTHbIE.

B kombuHaLmoHHbIx YCTPOUCTBax 3HadyeHus (0 wim 1) curHanoB Ha
BbIXOAAX B  KaXAbll KOHKPETHbIN MOMEHT BPEMEHM  MOJSIHOCTbIO
onpeaensTca 3HavyeHnsamMu (kombuHaumen, HabopoMm) AEWCTBYHOLWMX B
AAHHbI MOMEHT LMPOBBIX BXOAHbLIX CUrHANOB. B r1ocregqoBare/ibHOCTHbIX
)Ke YCTPOWMCTBaX 3Ha4YeHMs1 BbIXOAHbIX CUTHANIOB B /FTAKTE OMpeaensitoTCs
He TONbKO 3HAYEHUSIMU BXOAHbLIX CUrHANIOB B 3TOM TaKTe, HO U 3aBUCAT OT
BHYTPEHHUX COCTOSIHUA YCTPOWCTB, KOTOpbIE MPOM30OWIM B pe3ynbTaTe
BO3AENCTBUS BXOAHbIX CUrHANOB B NpeALecTBYOLWMNE TaKTbl.
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[JaHHas paboTa MOCBSLLEHA U3YYEHWUIO MPOCTENLLIMX KOMOMHALMOHHbIX
NOMNYECKUX YCTPOWNCTB, PeaNU3yHoLLMX NOrMYeckne QyHKLUUN COXKEHUS,
YMHOXEHUSI U OTPULIAHUS.

2. OCHOBHbIE 3JIEMEHTbI AJITEBPbI JIOTUKU

AHanM3 KOMOWMHALMOHHBIX YCTPOMCTB yaobHO NpoBOAWUTL C MOMOLLbBIO
anrebpbl NOrMKK, onepupytowen TONbKO C ABYMS MOHSATMSIMU: UCTMHHBIM
(nornyeckas 1) n noxHbiM (nornyeckni 0). B pesynbTate, QyHKUMNK,
oTobpaarolme MHDOPMaLUMIO, MPUHMMAIOT B KaXAbll MOMEHT BpPEMEHU
TONbKO 3HadeHus 0 wnm 1. Takue (PYHKUMW Ha3bIBAlOT JIOrMYECKMMHM, a
curHanol  (BXoAHble M BbIXOAHbIE  MEPEMEHHbIE) —  4BOMYHLIMU
(buHapHbIMK).

CXeMHble  3neMeHTbl, MpuM  MOMOLWM  KOTOPbIX  OCYLLECTBASETCS
npeobpazoBaHMe MNOCTYMNAOWNX HA WX BXOAbl ABOMYHLIX CUFHAMOB U
HernocpeaCTBeHHOoe BbINOJIHEHNE NpeayCMOTPEHHbIX NOrNYeCcKnx
onepauuni, Ha3blBalOT JI0MMYECK1MY YCTPOUCTBaAMM,

B obwwemM cnyyae normyeckoe yCTPOMCTBO MOXET UMETb /7 BXOAOB U m
BbIXOAOB. PaccMaTpuBasi BXOAHble CUrHanbl Xi, X, ..., Xs B Ka4decTBe
ApryMeHTOB, MOXHO COOTBETCTBYIOLUME BbIXOAHbIE CUrHasbl NPeacTaBnsaTb
B Buae dyHkumMmn y; = Axo, xi, X2, ..., X7) C NMOMOLUBIO Oonepaumin anredpbl
NOTVIKWN.

@yHKLm  anrebpsl  siorwky (OAJ1),  wnHOrga  HasblBaeMble
NEPEKIIOYATEIbHbIMY  (PYHKUNSMNY, 06bI4HO NpeacTaBnsoT B
anrebpanyeckon dopme (B BMAE MATEMATUYECKOrO  BbIPAXEHUS),
Hanpumep yi = (o A Xx1) v (X1 A X2), WM B Buae Tabnuy UCTUHHOCTU
(KOMBMHAUMOHHbLIX Tabnuy).

Tabsmua NCTUHHOCTY COQEPXXUT BCEBO3MOXHblE KOMOUHaL MK (Habopbl)
O6MHAPHbIX 3HAYEHUN BXOAHbIX MEPEMEHHbLIX C COOTBETCTBYIOLWMMU UM
OMHAPHbIMU  3HAYEHUSIMM  BbIXOAHbLIX MEPEMEHHbIX; KaXaoMmy Habopy
BXOAHbIX CUrHaNoOB COOTBETCTBYET OnpefesieHHOoe 3HA4YeHWe BbIXOAHOro
CUrHana — 3Ha4yeHune Nornyeckom ¢yHKUMKM i MakcuManbHOe 4uMco
BO3MOXHbIX pPa3fiMyHbIX HabopoB (CTPOK) 3aBUCUT OT 4uCia BXOAHbIX
NepeMeHHbIX /71 paBHO 2”.

B 6yneBon anrebpe BblAENAIOT TP OCHOBHbIE (PYHKUUN: KOHBIOHKLNS,
AM3bIOHKUMS, oTpuuaHue. OcTanbHble PYHKUMKN SBASIOTCS NPOU3BOAHLIMU
OT NpPUBEAEHHbIX BbILLE.

OCHOBHbIE  JIOrM4eckne  onepaumy  COCTOAT U3 Ceayowmnx
3N1EMEHTApHbIX NPeobpa3oBaHNMN ABONYHBLIX CUrHANOB:

o JIOTMYECKOE CJ/IOKEHME VNN AU3BIOHKLMS, 0B03Ha4YaemMoe CUMMBOJSIOM
"Vv"' (unn "+") n HasbiBaeMoe Takxke onepauven WUJIA. Mpu 3TOM ymucno
aprymeHToB (cnaraemblx Xx) MoXeT 6blTb N0b6bIM. 3Ta onepaums Ans
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YHKUMM [ABYX MNEPEMEHHbIX Xi M Xo OMUCHIBAETCS B BMAE JIOrMYECKOM
dopmMysbl

Yy=X1V X2 =X+ X.

3TO 3HAYMUT, YTO ¥ UCTUHHO (paBHO 1), €Cnn UCTUHHO XOTS 6bl OAHO K3
cnaraemblx X1 Unn xo. M ToNbko B Cyyae, Korga BCe cnaraemble x pasHbl 0,
pe3ysnbTaT JIOrMYeCcKoro CroXeHus y Takke paseH 0.

YcnoBHoe o0603HadeHre, Tabnvua MCTMHHOCTU W Apyrve rnokasaTtenu
3TOW Nornyeckon hyHKUMM NpuBeaAeHsbl BO BTOpOM cTtonbue Ttabn. 29.1;

o JIOMNHECKOE YMHOXEHNE NN KOHDBIOHKLMS, 0603Ha4YaeMoe CMMBOJIOM
"A" (v ") u Ha3biBaeMoe Takxke onepaunen W. Mpu 3TOM 4mcno
aprymMeHToB (COMHOXMTENen x) MOXeT O6biTb Nt06bIM. ITa onepaums Ans
YHKUMM [ABYX MEpeMEHHbIX Xi M X2 OMUCLIBAETCS B BUAE JIOrMYECKOW
(opmynbl

Y=Xi A Xy =X+ Xy = X1 Xp.

3TO 3HAYUT, YTO ¥ UCTUHHO (pPaBHO 1), eC/iM UCTUHHBI COMHOXUTENN X1
n x;. B cnyyae, ecnu xoTts 6bl OAWH U3 COMHOXMUTENEN paBeH 0, pe3ynbTaTt
NTOrMYECKOro YMHOXeHUs y paseH 0.

YcnosHoe 0603HaveHue, Tabnvua MCTMHHOCTU W Apyrve rnokasaTtenu
normyeckon yHKUMK U npuBeaeHbl B TpeTbeM cTonbue 1abn. 29.1;

® JIOMMYECKOE OTPULIGHNE VIV MHBEPCHS, 0603HaYaeMoe YEPTOYKON Haa
nepeMeHHOM 1 Ha3biBaeMoe onepaumen HE. 3Ta onepauus 3anmcbiBaeTcs B
BMAE

y =X.

3TO 3HAYUT, YTO y UCTUHHO (paBHO 1), ecnn x noxHo (pasHo 0), wn
HaobopoT. QueBMAHO, 4TO Onepauusi ) BbINOSHAETCS Had OAHOW
MEPEMEHHOM X U e€ 3HayeHue BCceraa NPOTUBOMOJIOXKHO 3TOW NEPEMEHHON
(cM. yeTBepTbI cTonbel, Tabn. 29.1).

Tabnunuya 29.1

®opMbl 0TOBPAXKEHNS OCHOBHbIX TOFMYECKUX (DYHKLIMK

HanmeHoBaHuU
e AN3BbIOHKLUNS KOHBbIOHKLIMSA NHBepcus
dyHKUMN —
CumBonnyec + . X
2 vV U A UNn X
bykBeHHas WJIn N HE
YcnosHas x—l | XM & | 11
rpacuyecka Xo— Y Xo— Y X Y
A
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AHAMUTHYECK | V=X V Xo =X + X, Y =X A Xp = X1 X y=X
as
Xl | X2 )4 Xl X2 Yy
TabnuyHas 0 0] 0O 0 0 0 X y
(uctmhHoctn| 0 [T 11 0 110 0 1
1 0] 1 1 0 0 1 0
1 117 1 1 1 1
KOHTakTHas
CxeMo-
TexHu4yecka
9

OcHoBHble nornyeckme onepaunn WINA, U v HE nossongioT
aHanNMTUYeCcKn onuncaTb, a nornveckue anemenTol WIWN (gussroHkTop), U
(koHBrOHKTOP) U HE (MHBEpTOP) — peann3oBaTb KOMOMHALUMOHHOE
YCTPOMCTBO /11060 CTEMNEHM CNOXHOCTU, T. €. ONepauun Yy =X + Xz,

y=X1X2 n y=xX obnagatoT dyHKLMOHANbHOM NO/THOTOM M COCTaBnseT

(PyHKUMOHANLHO NOMHbIN Habop.

B kauecTBe npuMepa paccMOTPUM (PYHKLUMIO HEPABHO3HAYHOCTU ¥ ABYX
NMEepeEMEHHbIX X1 U X5, MPUHMMAIOLLAS 3HaYeHne 1 npu X1 # X2 U 3HadeHue 0
npn xi=xo=0mmnpuxi =x =1, T.e. y=XXo + XXz.

Onepaumio HepaBHO3HAYHOCTU 4alle Ha3blBAOT CYMMUPOBAHNEM 10
moZys1t0 2  0603HaYaloT Y = X1 @ X7.

MpuMepbl  KOHTAKTHOW M MpPOCTEAIEN  CXEMHOW  peanv3auumn
AN3BIOHKTOPA, KOHBIOHKTOPA M MHBEPTOPA NpPUBEAEHbI B NPeANoCcieaHeN 1
nocneaHen ctpokax Tabn. 29.1.

3. BA3OBbIE JIOTMYECKUE SJIEMEHTDI

Ocoboe 3HauyeHne B LNGDPOBON 3NEKTPOHMKE WMMEKT YHUBEPCA/bHblE
(6azosble) nornyeckme 3/IEMEHTHI, CNOcobHble obpazoBaTb
(PYHKUMOHANBbHO MOSHBLIA HAbop, C MOMOLLIO KOTOPbIX MOXHO peann3oBaTb
CUHTE3 YCTPOWUCTB OO0 CNOXHOCTU. [pyM WMHTErpanbHOM TEXHOIOMMK
yaobCcTBO M3roToBNeHWsi ogHOro 6as3oBOro asneMeHTa MMeeT pellatoulee
3HayeHue. MosToMy 6a30Bble NOrnMYECKne yCTponCTBa COCTaBNSIOT OCHOBY
6onblwmHcTBa UMdposbix MMC.

K yHMBepcanbHbIM NOrMyeckum onepaumam (YCTpoOMCTBaM) OTHOCAT ABe
pa3HOBMAHOCTN 6a30BbIX 31EMEHTOB:
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o QyHKUMIO [Tupca, 0603HAYAEMYIO CUMBOSIMYECKM BEpPTUKASIbHOM

ctpenkoit 4 (cTpenka Mupca) n otobpaxatowyto onepauutio WIN-HE. [ns
npocTenwen yHKUMN ABYX MEPEMEHHBIX X1 U X2 dYHKUMS y = 1 Toraa u
TONbKO TOrAa, Koraa xi = xo = 0:

y:)Cl\l/Xz =X + Xy,

o QyHkymo Lllegpgpepa, 0603HAYAEMYIO CUMBOJSIMYECKN BEPTUKANbHOM
yepToukon | (wrpux Leddepa) n otobpaxarowyto onepaumio U-HE. Ans
npocrenwen yHKUMN ABYX NMEPEMEHHBbIX Xi U X2 (yHKUmns y = 0 Toraa u
TONbKO TOrAa, korga xi = xo = 1:

y=X1‘X2 =X1X2.

Tabnuua 29.2
®opMbl 0TOBpaXkeHMs1 6@30BbIX NIOrMYECKUX PyHKLNA

Hq%cmfﬂv?ﬁ aH_l;' € ®OyHKUmA Mupca ®dyHKuma Weddepa
CvMBoO/IMYECKas ! |
bykBeHHas WIN-HE N-HE
YcnoBHas x—11 y x1— &
rpadmyeckas Xo— Xo— Y
AHanuTnyeckas y=x1¥X2 y=x1|x
Xi| x| y Xi | x|y
TabnunuHas 00 1 0] 01
(UCTUHHOCTH) 0O[1]0 0 1] 1
1 0] O 1 0] 1
1 [1] 0 1 1 0
KoHTakTHast X X oy o—_}_X;\‘:}—o y

+U, +U,

X1 X2
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Cxemo-
TexHnyeckas

Mpn ogHMX W Tex e 3HadeHuUsIX aprymMeHToB o06e dyHKUMK
OoTObpaXaloT onepaumto MHBEpPCUKU. BaxkHenwmne nokasatenn QyHKUMI
Leddepa n MNupca npeacrtasneHbl B Tabn. 29.2.

B nocnegHen crtpoke Tabn. 29.2 npuBeAeHbl NpuUMeEpbl MOCTPOEHMS
nByxsxogoBo cxembl WIN-HE, B KOTOpPOM K Harpy3ouyHOMy pe3uctopy R
NOAK/IOYEHDBI KONNEKTOPbl ABYX MapanfiesibHO BKOYEHHbIX OMMONSPHbIX
TPAH3UCTOPOB pP-FpP-TUNA, SMUTTEPBLI KOTOPbLIX 3a3eMneHbl, U cxeMbl N-HE,
B KOTOPOM MOCNeA0BaTENbHO BK/IIOYEHbI ABA BUMNONSPHBLIX TPaH3UCTOpa p-
Fp-TMna  (BMUTTEP  HWDKHEro TPaH3ucTopa MNOAK/oYEeH K 3eMie) W
Harpy3o4HbIn peanctop R.

4. NPEACTABJIEHUE JIOTMYECKUX ®YHKLIUA
MATEMATUYECKNMWU BbIPAXXEHUSIMU

Hanbonee pacnpocTpaHeHHbIM  CMOCObOM  3afaHusl  JIOrMYecKnx
dyHKUMM gBnseTca TabnuuHas ¢dopma. Tabnuubl MCTUHHOCTM MNO3BONSIOT
NOSTHO U OAHO3HAYHO YCTAHOBUTb BCE CYLLECTBYIOLLME STIOrMYEeCcKne CBS3MW.

Mpu TabnMyHOM NpeaCTaBNEHUN NIOTMYECKMX (DYHKLUIA UX 3aMNMCbiBAOT B
OZIHOM M3 KaHOHMYEeCKUX (POpM: COBEPLUEHHON AN3BIOHKTUBHOW HOPMasibHOM
dopme (COH®) nnm coBepLUIEHHON KOHBIOHKTMBHOW HOPMasnbHOM ¢opMme
(CKHD).

MaTeMaTuyeckoe BblpaXXeHne normdeckon gyHkuumn B CAH® nonyyatot
n3 Tabnuubl WUCTUHHOCTWM cCregylowmnm obpas3oMm: ana Kaxaoro Habopa
apryMeHTOB, Ha KOTOPOM (DYHKUMS paBHa 1, 3anMCbiBalOT 3/1EMEHTAPHbIE
NPON3BEAEHUS] MEPEMEHHBIX, MPUYEM MEPEMEHHbIE, 3HAYEHUS] KOTOPbIX
paBHbl HY/IO, 3anuCbiBAlOT C WMHBepcuMeN. [onyyeHHble NpoOU3BEeAEHUS,
Ha3bIBAEMbIE KOHCTUTYEHTAMU EANHULIbI VTN MUHTEPMAMY, CYMMUPYIOT.

3anuweM Nornyeckyro GYHKUMIO ) Tpex MNepeMeHHblX &, b un ¢
npeacTaBieHHON B Buae Tabn. 29.3, 8 CAH®:

y(a,b, c) =abc+ abc + abc + abc.

CoBEpLUEHHON KOHBIOHKTUBHOW HOPMasibHOW
(opMOI Ha3bIBalOT JIOrMyeckoe MNpou3BeAEHME
3NIEMEHTAPHBLIX CyMM, B KaXayld W3 KOTOpbIX
apryMeHT UK ero oTpMUaH1e BXOAST OAMH pa3.

Tabannuya 29.3

No a b c

<

alu|lsr|lw|inv|r|o
Rr|lr|lr|o|lo|lo|o
Rr|lolo|r|r|o|lo
o|lr|o|r|o|r|o
Rr|lr|o|lr|o|lo|o




YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BeruyucauTe/ibHAsA TEXHUKA

Mpy 3TOM Ansa Kaxaoro Habopa apryMeHToB Tabnuubl MICTUHHOCTW, Ha
KOTOPOM (pyHKUMS y paBHa 0, COCTaBNSAOT 3/1IEMEHTAPHYIO CYMMY, NpuyeM
nepeMeHHbIE, 3Ha4YE€HNE KOTOPbIX pPaBHO 1, 3anncblBaloT C OTpUUAHUEM.
|_|OJ'IyLIeHHbIe CYMMblI, Ha3blBaeMble KOHCTUTYEHTGMU HYJIA nnun
MaKcrepmamu, O6'be,EI,VIHF|IOT onepaumel‘/'l JIOrNM4YECKOro YMHOXeEHMUA.

Ans dyHkumm (tabn. 29.3) CKHO

y(a,b, c)=(a+b+c)a+b+c)(a+b +c)(@+b+c).

5. MEPEXO OT JIOFTMYECKOW ®YHKLIUMN
K JOTMYECKOW CXEME
ﬂ,ﬂﬂ NMOCTPOEHUA ﬂOI’VI‘-IGCKOVI CXeMbl HGO6XOD,VIMO aornyeckume
3JIEMEHTbI, NpPEAHa3Ha4Y€HHblE A/1A BbINO/IHEHUA JIOTUMYECKUX onepaumﬁ,
pacnonaraTtb, Ha4yuHad OT BXOAa, B Nopsaake, YKa3aHHOM B 6yneBOM
Bblpa>XeHUw.

MocTpoMM  CTPYKTYpy JIOTMYECKOrO  YCTPOWCTBA, Peasnv3yHoLLEro
NOrMYECKYIO (DYHKLMIO TPeX NepeMeHHbIX

y=(@+b+c)a+b+c)@a+b+c)@+b +c).

CneBa pacrnonaraeM BxoAbl & b W C C OTBETBMAEHUSIMU HA Tpu

a 3 a+b+c
_ o 1
3
a+b+c
b 1
| lE & —y
1
® 1 a+b+c
C__I_ *
1% ¢ o
1 a+b+c
Puc. 29.1

WHBEPTOpa, 3aTeM uyeTbipe anemMeHTa WM K, HakoHew, anemMeHT W Ha
Bbixoge (puc. 29.1).

NTak, nobylo  norMyeckyro  (YHKUMIO  MOXHO  peanu30BaTb
HenocpeacTBEHHO MO BblpaXeHusiM, npeacraBneHHoiM B Buae CAH® mnnu
CKH®. OpHako, nony4yeHHass TakMM 06pa3oM Cxema, KakK npaBuio, He
ONTMMaNbHa C TOYKM 3peHuss e€ npaKTUYEeCKOM peanusauun: OHa
rpomMo3aKa, COAEPXXWUT MHOM0 JIOrM4yeCKUX  3/1IEMEHTOB WM  BO3HMKAKOT
TPYAHOCTN B obecrneyeHnmn e€ BbICOKOM HafEXHOCTH.

Anrebpa normku no3sonsieT npeobpaszoBaTb (GOPMyIbl, OMUCbIBAKOLLME
CNOXHble BbICKA3blBaHUS C Uenbio KX ynpolleHns [10]. 3To nomoraet B
KOHEYHOM WUTOre OnpeaenvTb OMNTUMAsbHYK CTPYKTYpy TOr0 WM MHOMO
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NOTMYECKOro YCTPOWCTBA, peanusytolero nobyto croxHyo dyHkumio. Moa
ONTUMANbHON  CTPYKTYpPOM MPUHSATO MOHMMaTb TaKoe  MOCTpOeHue
NOTMYECKOrO YCTPOWMCTBA, MPY KOTOPOM 4YWUCNO BXOASIIMX B €ro COCTaB
31EMEHTOB MUHUMAJBHO.

YYEBHbIE 3AAHUA U METOAUYECKUE YKA3SAHUA
K UX BbINMOJIHEHUIO

3apaHue 1. 3anycTtuTtb nabopaTtopHbii komnnekc Labworks n cpeay
MS10 (WENKHYB MbIWbD Ha KOMaHAe IDKCMEepPUMEHT MEHI0 KOMMJeKca
Labworks). OTKpbITb hann 29.2.ms10, pa3melwéHHbii B nanke Circuit
Design Suite 10.0 cpeabl MS10, unn cobpatb Ha paboyeM none cpeasbl
MS10 cxeMy anst UCNbITAHUS OCHOBHBLIX U 6330BbIX JIOMMYECKUX 3/IEMEHTOB
(cM. puc. 29.2) 1 YCTaHOBUTb B [AMANIOrOBbIX OKHAX KOMMOHEHTOB WX
napamMeTpbl UAn pexumbl pabotel. CkonupoBaTb cxeMy (puc. 29.2) Ha
CTpaHuLy OTYETa.

Cxema (puc. 29.2) cobpaHa Ha ABOMYHBLIX OcHOBHBLIX [OR (AJ1IN), AND
(M) n NOT (HE)] n yHmBepcanbHbix (6a3oBbix) [NAND (M-HE) n XOR
(WNN-HE)] nornyecknx snemeHTax, pacrnosfioXXeHHbIXx B 6ubnuoteke Misc
Digital/TIL c ypoBHeM BbICOKOrO HanpsbkeHuss 5 B. B cxeMy BKtO4YEHbI
kmoun 1, 2, ..., 9, npobHukn X1, X2, ..., X5 ¢ noporoBbIM1 HanpsXeHUsiMU
5 B, reHepaTtop npsMoyronbHbiX curHanos E1 ¢ amnnuTtygom £ = 5 B,
ANNTENbHOCTbIO uMmnyneca & = = 0,16 ¢ n nepuoaoM 7 = 4 ¢, u
nornyeckun aHanusatop XLA1 (CM. onncaHue ero HaCTporKu u paboTsl B M.
2, MNpunoxeHus 2).

[Ansa ynobctBa M3MepeHUs CUrHanoB BbIXOAbl SIOMMYECKUX 3S/1IEMEHTOB
noaknoYeHbl K Bxodam 2, 4, 6, 8 n 10 aHanmzatopa XLA1l. [lpwu
MOZEeNMPOBaHUM MPOUCXOANT MedJsIeHHas pa3BEPTKA BPEMEHHbIX AnarpaMm
B OKHe aHanu3atopa. 1o [OCTUXEHMIO WHTepBana BPEMEHW, PABHOM

J/ﬁ\lﬂ < % Logic Analyzer-XLA1
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70...80% wupuHbI OKHa, cCreayeT nocpeacTsoM KHonkn Run/Stop
BbIK/1H04aTb NPOLECC MOAENMPOBAHUS.

Onepupys knodamum 1, 2, ..., 9, cbopMupoBaTb BCE BO3MOXHbIE KOM-
6buHauum aprymeHtoB x1 u xo (00, 10, 01 n 11) Ha BXxoAe AU3LIOHKTOPA
(OR), koHbOHKTOpa (AND), wTpuxa LWeddepa (NAND) u ctpenku lMNupca
(NOR) 1 3anucaTb 3HayeHUs1 BbIXOAHbIX NOrnMYecknx gyHkummn yi (0 nnm
1) B Tabn. 29.4.

3aMeTuM, YToO eCnn KoY 3aMKHYT, TO Ha 3TOT BXOA 3/1eMeHTa byaer
nofaHa normyeckass eanHuua (MOMOXWTENbHBLIM NoTeHuMan 5 B), a npwu
Pa30OMKHYTOM K/HO4e — JlorMyeckni Honb. [Mockonbky uHBepTop (NOT)
MMEET OAMH BXOA, TO AN (OPMMPOBAHMUA [ABYX 3HAYEHWUM BXOAHOMO
curHana (IOrnMyeckorm eavHULUbl MM IOTMYECKOro Hynsl) AOCTaTO4YHO
OAHOro Knwya 5.

3HauyeHus YHKLUMIN MccneayeMblX 371EMEHTOB MOXHO KOHTPONMPOBATb C
nomoLbto NpobHukoB X1, X2, ..., X5: ecnun BbIXOAHOW CUrHAN 3MEMEHTA
PaBEH JIOrMYECKON eAMHULE, TO BK/IIOYEHHBIN Ha BbIXOJE 3TOr0 3/IEMEHTA
NpobHMK cBeTUTCA. Tak, NMpY MNONOXEHUU KtoYenh cxembl (puc. 29.2)
yHKkumm anemMeHToB OR, AND 1 NOR paBHbl TOrMyeckon eamHuLe.

Tabnunuya 29.4

An3bloHKTO | KOHBIOHKTO | MHBEpTOp LLTpunx Crpernka
p [N p [HE Leddepa [U- MNupca
(OR)] [W (AND)] | (NOT)] | HE (NAND)] [WIN-HE
(NOR)
X| x|yl X1 | X |y X y X1 X |yl X X2 )%
0 0 010 0 0 0 0 0
0] 1 0 1 0 1 0 1
110 1 0 1 1 0 1 0
1|1 1 1 1 1 1 1

3apnaHue 2. "MeperawmTtb’ 13 6mnbnuotekn Misc Digital\TIL Ha
pabouee none cpeabl MS10 HeobxoauMble NOrMYECKME 3S/1EMEHTHI U
cobpaTb CxeMy ANs peanvsaumu 334aHHoOM B Tabn. 29.5 nornuyeckon
QyHKUMM Yy C TpeMmsi apryMeHTamu &, b n ¢ CkonmupoBaTb COb6paHHYyIO

NOFMYECKYHO CXEMY Ha CTPaHULy OTYETa.
Tabnunuya 29.5

BapuaHT Jlornyeckas yHKUMS
1,6, 11, 16, 21, y=(ab+c)(@+b +c)a+b+c).
26
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2,7,12, 17, 22, y=(a+b+c)(@+bc)a+b+7).
27

3, 8, 13, 18, 23, y = (b+ac)(@+bc)(a+b +c).
28

4,9, 14, 19, 24, y=(ab +T)(a+b +c)(ab+7c).
29

5, 10, 15, 20, 25, y=(a+bc)(@+b+c)(ab+c).
30

B kauecTBe npuMepa cobepém cxemy ANns peanusalumn Normyeckom
dyHKUMK

y=(ab+c)(@+b +c)(a+b+c).

AHanu3 yHKUMM NOKA3bIBAET, UYTO A/ MOCTPOEHNS TOTMYECKOW CXEMbI
HaM noTpebyTCca TpU WHBEPTOpa, TPU AW3BLIOHKTOPA, MPUYEM OAMH
AV3BIOHKTOP C ABYMSA, @ ABa — C TPeMS BXOA4aMW, U ABAa KOHLIOHKTOPA,
NpuyéM oauH C ABYMS, @ APYrov C TpeMs BXOAAMMW.

"Mepetawmnm” Ha pabouee none cpeabl MS10 Heobxoaumble mMoaenu
nornyeckux anemeHToB u3 ubnuotekn Misc Digital\TIL, pacnonaras ux,
HayMHas C BXOA4a, @ MMEHHO:

— Tpn wmHBeptopa NOT (NOT1, NOT2 u NOT3) ana nony4veHus
MHBEPCUI a,b uc apryMeHTOB &, b U ¢

— KOHbIOHKTOP AND1 C ABYMS BXOAaMu Ans peanusaumm QyHKuumn ab;

— Tpn am3bloHKTOpa: OR2 ana peanu3aummn yHKUMKM yi=a + b + ¢
OR3 ansa peanusaumn GyHKUMKM )» = a+b+c n OR1, peanusyrowmn

QYHKUMIO )5 = = ab+C, pa3MecTuB Ux Apyr nog Apyrom (CMm. pwuc.
29.3).
m
B
E1] , Key=1 NOTH AND1 =
FULIE > — e - ] [ O
0V5V —
- 2secd sec X213V
NOT2 OR3 AND?
—> N 5 A N -
NOT3 _flm
— Dﬁ = ] —
Puc. 29.3

Ansi  BbINOMHEHMST YHKUMM JIOMTMYECKOrO YMHOXEHUS ) = Ji)s)s
nobaBnM B cxeMy KOHblOHKTOp AND2 c Tpemsi Bxodamu, K BbIXOay
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KOTOPOro MOAK/IYMM  NOrnyeckmi npobHnk X2 (ypoBeHb BbICOKOMO
HanpsbxeHns 5 B) ans curHanusaumm nosiB/ieHMsl IOrMYECKOM eaMHULbI Ha
Bbixoge cxeMbl. 'llepeTawmM" K3 COOTBETCTBYHOWMX 6MBAMOTEK Ha
paboyee none WCTOYHMK MNPSIMOYronbHbIX curHanos E1 wn kmou 1,
pacrosioXX1B UX Ha BXOAE CXEMbI.

CoegnHme  "mpoBogHuKamMn"  BXoAbl WM BbIXOAbl  3/IEMEHTOB B
COOTBETCTBMM C JIOTMYECKMMU BbIPAXEHNAMM COCTaB/SOLWMX 33aAaHHOM
PyHKUMM W 3anMcaB B OTYETE OXKMAAeMble pe3ysnbTaTbl BbIMNOSHEHNS
onepauui Ha Bbixogax anemMeHTtoB (puc. 29.4), npuctynuMm K

m
&

L -
ET] , Key=1 NOT1 _ Lﬁmm |_31R2 ¥y
PILIE [ i £ ab i O
OV5V b
- 2secdsec NOTZ2 J_ OR3 ANDZ i
[:} b I_::-=J. fz :c v
c -
NOT3 _ OR1 Vs
c. =1
[
Puc. 29.4

MOAENNPOBAHMIO, OTKPbIB (Gavn 29.2.ms10, pasMeléHHbIM B nanke
Circuit Design Suite 10.0 cpeabl MS10.

C 3TON Uenblo BHavane LWeKHEM MbilWbio Ha kKHomnke Run/Stop, 3atem
HaX>XMEM yNpaB/soLWY0 K/OUOM KnaBuwy ¢ umgpon 1 knaBuaTtypbl. Ecnm
COEAMHEHNS 3NEMEHTOB BbINOJIHEHbI MNPaBWbHO, TO NPOBHMK X2
3aceBetutca. [pu BbikAodeHun kaoda 1 NpobHuk racHeT u 1. 4. [o
OKOHYaHUKN MoAENMPOBaHUS LWENKHEM MbILWbIO Ha KHOMKe Run/Stop.

MpuMmeyaHma. 1. OCHOBHbIM U3MepuUTENbHbIM  NMpUOOpOM  ANg
NPOBEPKU LMMDPOBBIX 3MEKTPOHHBIX CXEM SIBMSETCS JIOMMYECKUIMA NPOBHMK.
Mocne ABOMHOrO LieNYKa MbIWbIO Ha €ro M306paxkeHnM B OTKPbIBLUEMCS
OKHEe HY>XHO 3a4aTb YPOBEHb BbICOKOro HanpshkeHus, Hanpumep, 5 B (cm.
puc 29.4), npn KOTOPOM OH CBeTUTCA. ECiM NpobHUK He CBETUTCH, TO 3TO
0Obl4HO O3HaAYaeT, YTO YPOBEHb MPOBEPSEMOro HanpsKeHUs HaxoamuTCs B
NPOMEXYTKE MeXAy BbICOKMM M HU3KMM. MOWMCK HEUCNPaBHOCTEN HYXHO
Ha4YMHATb C MPOBEPKW MOAAYUN CUrHANOB BbICOKOrO YPOBHS reHepaTopoM
CUrHaNOB Ha BXOAbl 3/M1EMEHTOB, 3aTeM MNpPOBEPUTb MPaBU/IbHOCTb
BbIMOJIHEHUS UMW JIOTMYECKUX (DYHKUMM B CXEME WM MPOKOHTPONMPOBATb
nosiBNIeHME CUrHasaoB Ha BbIXOAaX.
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2. Tabnuubl WUCTUHHOCTM ANS  PAacCMOTPEHHbIX  OBUOAMOTEUHBIX
NIOrMYECKUX 3M1EMEHTOB MOXHO Bbl3BaTb HaXaTuem knasuwm nomowm F1
nocrne BblAeNeHns Ha CXeMe COOTBETCTBYIOLLEro 3/1eMeHTa.

COAEPXXAHME OTHETA

1. HanmeHoBaHue n uenb paboTol.
2. MNepeyeHb NpMbOPOB, UCMOMb30BaHHbLIX B 3KCNEpMMEHTax, C UX KpaT-

KMMMW XapaKTepUCTMKaMMu.
3. N306paxkeHns 3NEeKTPUYECKOM CXeMbl A1 UCMbITAHUS NTOMMYECKUX
3/IEMEHTOB M COBpaHHOM CxeMbl ANS peanv3auun 33aHHON NOrnM4Yeckon

dyHKUMNK.
4. Tabnuubl WCTUHHOCTK, OTOOpaxatwme paboTy wuccneayeMbix

NOrMYECKUX 3/IEMEHTOB.
5. BoiBOAbI N0 paborTe.

TECTOBbBIE 3AAJAHUA K PABOTE 2 (Lr 29)

1. YKaxxuTe npu3HaKW, XapakTepusylowme OCHOBHblE JOrnyeckue
3/IEMEHTI.
1 Ha Bxogax norMyeckmx 351eMeHTOB aHaoroBble CUrHanbl, a Ha
BbIX04aX — UMppoBbIe
[ Onepaunn f1orm4eckoro CrI0XKeHus, NOrmMYeckoro YMHOXEHUS U
MHBEPCUS HE COCTaBNSIOT (PYHKLMOHABLHO NOJHbIN Habop
1 Wcnonb3ya OCHOBHble normndeckune onepauun WU, WIN wn HE,
MOXHO aHa/IMTUYECKN BbIPasuUTb JIHOOYIOD CROXHYK NOMrMYeCcKyto
pyHKUMIO
] MMHMManbHbIM normyeckuin 6asmc coctaBnsoT onepauum UJTA un
HE vnan N v HE
[1 BxoAaHble U BbIXOA4HbIE CUrHasbl JIOrMYECKUX I/IEMEHTOB MOTyT
MPUHUMAaTb TOMbKO ABa 3HAYEHMS: JIOrMYecKyto 1 n normyeckum
0
1 Onepaums NOrnyeckoro ClIOXXKEHNS COBNAAaET C onepaumen
06bIYHOrO CNOXeHUs

2. YKakuTe BblpaXXeHue Norn4yeckorn MyHKLUUN ABYX NEPEMEHHBIX Xi U
X2, peanu3syemon anemeHToM "Ctpenka lMupca".

e) y =X X2 +0q X0 y = XX2 y=X+X2
@) y =X &X0 Y = Xpt X2 y=X1X2

3. YKaX1Te BbIpaXKeHUe Nornyeckon yHKLUMK ABYX NEPEMEHHbIX Xi U
X2, peanusyemon anemeHToM "LTpux Leddepa".
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O y =X X2 +Cu X2 y = XX2 y=X1eX

o) y=X + X0 y=X10 X2 Yy =X1X2

4. YKaxnTe Bblpa)XeHHUe /Iornyeckon pyHKUMM TPeEX NEPEMEHHbIX &, 6
M C 3anvCaHHOMW B COBEPLUEHHON AU3BIOHKTUBHOW HOpManbHOW dopme
(COHD).

O y(a,b, c) =abc+abc + abc + abc
O y(a,b, ¢) =(a+b+c)(@a+b+C)(a+b+c)@a+b+c)
o y(a, b, ¢) =(ab+c+ abc)(abt + ab +ta)

5. Ykaxute aneMmeHT NJ1N-HE.

x;—1 | N—& ] x1—11 x1— & |
P e }*y x— 1 %ﬁv il %‘y S Rl e’
O o) o) o) o)

6. Ykaxute anemMeHT .

X1 1 | X1 & i ] i X1 1 } X1 & |
Xo— Y Xo— y X l Y Xo— Y X9 — y
O O O O O

7. YKaxuTe 3HauyeHne (PyHKUMUU y=(ab+c)@a+b),ecm a= b= c= 1.
o) o) 1 0

JlabopaTtopHas pa6ota 3 (Lr30)
NMPEOBPA3OBATEJIN KOAOB

LIEJ1Ib PABOTbI

O3HaKOMNEeHME C OCHOBHbIMM  XapaKTEPUCTUKaMU WU  UCMbITaHKE
WHTErpanbHbIX npeobpa3oBaTenen koaoB (aAewwmndpaTtopa, WwWmndpaTopa,
AEMYNbTUMNSIEKCOPA W MYJIbTUMEKCOPA).

TEOPETUYECKME CBEAEHUA N PACHETHbBIE ®OPMYJibl

Kogom HasblBalOT CUCTEMY CMMBOSIOB A1 NpeacTaBneHns nHbopmaumm
B cdopMe, ynobHon ans obpaboTku, XpaHeHus n nepenadn. B undposon
TEXHUKE ONS 3anucu KOAOBbIX CMMBOSIOB, WM MNPOCTO KOAA, MCNOSb3YOT
age undpsl: 0 u 1. [lpeobpazoBaresim Ko4oB CnyxaT ona nepesoga OAHOM
dopMbl 6MHapHOro umcna (kogoBoM KOMOMHauuKW) B ApPYryto, Hanpumep,
npeobpasoBaHMe ABONYHO-AECATUYHOrO KOAA B CEMUCErMEHTHbIA KOA
MHAMKaTopa. BxoaHble M BbIXOAHbIE KOAbl Npeobpa3oBaTeneil CBA3aHbl
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Mexay cobon. ITy CBsi3b 3aAaloT NOrnyeckummn yHKUMSIMU UM B BUAE
Tabnuubl nepekntodeHnn. PaccMoTpuMm Hambonee pacnpoCcTpaHEHHbIE B
LM pOBON TEXHUKE BUabI Npeobpa3oBaTenen KoAoB.

1. AELLUNDPATOP

Heumpparop (DC) wnn gekogep — KOMOMHAUMOHHAs cxema C /7
BXO4aMN U m = 27 BbiIxoaamn (/m > n), npeobpaszyowas ABONYHbIN
BXOoAHOWM 7koa (KOAOBOE C/I0BO) B YHUTapHbIA. Ha 0gHOM M3 m BbIXOAOB
[felwmndpatopa nosBAseTcs normyeckas 1, a MMEHHO Ha TOM, HOMep
KOTOpOro COOTBETCTBYET MOAAHHOMY Ha BX0[

L Yo

“— |oc [ [BONYHOMY KOZY.
b~ | N Ha Bcex ocTanbHbIX BbIXxoAax AelumndpaTtopa
T L, BbIXOAHblIE CUrHanbl paBHbl Hynto. [ewwndpatop
c —
| - MCMONb3YIOT, KOr4a  Hy)XXHO  obpawartbcd K
d — £ — Vs Pa3NNYHbIM UMPPOBLIM YCTPOMCTBAM MO aapecy,
Puc. 30.1 npeacTaBleHHOMY ABOMYHbLIM KOAOM.

YcnoBHoe wu30bpaxeHue paelimdpatopa  4x16
(umTaeMoro "JeTblpe B LWeCTHaguaTb") Ha cxemax faHo Ha pwuc. 30.1.
[ewndpaTop COAEPXUT 4YMCNO BbIXOAOB, PaBHOE YWUCNY KOMOMHaUWK
BXOZHbIX MEPEMEHHbIX: OT o = abcd A0 yis = abcdnpn n=4un m=2"=
16.

MpUMeHAI0TCA Takke HenosHble aewndpaTopbl C MEHbWWM YUCITOM
BbixogoB (10 mnn 12 npu 4deTbipex NepeMeHHbIX Ha BXoAde, Toraa psa
KOMOMHaLM Ha BXOAE HE UCMOSb3YETCS).

Kaxxabil  BbIXO4 MONHOMO Aewundpatopa peanusyeT  KOHbLIOHKLMIO
BXO[HbIX MEpeMeHHbIX (KOA ajapeca) MM KX WHBEpPCUA: npu Habope
abcd (0000) yo = 1, npu abed(0111) yy = 1, npu abcd (1111) yis =1 un T.
A.

Jewndpatopbl 4acTto wuMmeloT  paspewarowymyi  (YyNpaBnsoWmig,
cTpobupytowmn) Bxoa £ MNpu £ = 1 pewmdpaTtop OYHKLUMOHUPYET Kak
06bl4HO, Npu £ = 0 Ha Bcex BbIxoAax ycTaHasnmeaeTcsd 0 He3aBUMCMMO OT
nocTynatowero koga agpeca. [ewmndpaTtopbl LMPOKO MCMONb3YOT BO
MHOMMX YCTPOMCTBax, B TOM 4uUCie B KayecTBe npeobpa3oBaTtenem
ABOWYHOMO KOZAa B AECATUYHBIN,

2. LINOPATOP
Lingpparop (CD) nnn kogep BbiNONHAET (YHKUMIO, 06paTHYIO (byHKUMK

0 — —1°| o
CD Yo L —
—— a X1 — DC —
Xl_ } 1 1 K
] b X2 | Vi 2 N
X2 — — J
__ ? — '_3 [
- — C E_ y2 a
X3 —— ”
6

a) Puc. 30.2
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Aewmndpatopa. YcnoBHoe umsobpaxeHue wudpatopa 16x4 (16 B 4) Ha
cxeMax nokasaHo Ha puc. 30.2, a. Knaccuuyeckuin wmdpatop uMMeeT n
BXOAOB W /m BbIxoAoB (/m < n), U nNpu nogade curHana 1 Ha oavH u3
BxoaoB (M He 6onee) Ha BbixoAe KoAepa MNOSBSETCS [ABOWYHbLIM KOA
HOMepa BO36Y)XAEHHOro BbIXoAad. YMCNO BXOAOB W BbIXOAOB TaKOro
lnppaTopa CBA3aHO COOTHOLLEHMEM 1 = 27,

O6bnactM MCnonb3oBaHUS  WKNEMPATOpOB — OTobpaxeHne B Buae
OBOMYHOMO KOA@ HOMEepa  HaXaTOM  KHOMKW  WMAN  MOJIOXKEHUS
MHOMOMO3WMLUMOHHOIO MepeknoYaTens, a TakKKe HoMepa YCTPOWCTBa,
noJasllero curHana Ha obcnyXmBaHMe B MUKPOMPOLIECCOPHBbIX CUCTEMAX.
LLIndppaTopbl BXOAST B COCTaB MWKPOCXEM KOHTPOJIIEPOB MpepbIBaHUN,
Hanpumep KP580BH59.

[ANns peleHnst MHOMMX KOHKPETHbIX 3a4ad HeobxoaAMMO CUHTE3NPOBaTb
npeobpazoBaTenu pas/iMyHbIX KOAOB. B kavecTse npumepa Ha puc. 30.2, 6
npeacrtaBfieHa CXemMa KOoAOBOro npeobpasoBaTenis, COCToswas M3 napbl
nekogep DC — kopep CD, peanusytowlas noruky pabotsl (y=a+bc+bc)
HEeKOTOporo TpéxuBeTHOro ceetodopa K, J W 2 ynpaBlsieMoro
ABYXpa3psiAHbIM ABOMYHBLIM KoaoM X, [lpu 3TOM BHayane pewuvdpyetcs
Kaxaas KOMOMHauMsi MCXOAHOro Kofda, B pe3ynbTate 4ero Ha
COOTBETCTBYIOLLEM BbIXOAE AeKkodepa MosIBNSeTCS sorvyeckas 1. 3atem
3TOT JIOTMYECKUA CUrHan, 3Ha4YeHMe KOTOpOro OonpeaeneHo HOMEpPOM
BbIX0O4a AeKkoaepa, NoAaéTcs Ha KoAep M Ha ero Bbixodax YCTaHaBMBAETCS
Npeobpa3oBaHHbIN KOA.

Yncno Bxopos aewmndpatopa DC paBHO ABYM (X1 U X2), YMC/IO BbIXOAOB
— TpéM (uncny BbiIxodoB npeobpasoBatens) j, Vi U . CoeanHeHus
newndgpaTtopa M wWndpaTopa BbIMNOSHEHbI B COOTBETCTBUM C 331aHHOM
nornyeckon cyHKuMen ). YacTb BbIXOAOB AeKOAEpa M BXOAOB Koaepa He
NCNonb3yeTcs.

OMhdEKTUBHO CTbIKYIOTCA Apyr C ApYyroMm Aekoaep W Koaep,
MOCTPOEHHblE Ha 3neMeHTax W-HE: nepBbili MMeeT MHBEPCHbIE BbIXOAbI, a
BTOPOMN — WHBEPCHble BXOAbl. ECNM HEKOTOPbLIM BXOAHBLIM KOMOGWHALMAM
COOTBETCTBYET OJHA W Ta >Xe BbIXOAHAs, TO COOTBETCTBYIOLLME BbIXOAbI
Aexkogepa obbeanHsT Ha aneMeHTe UM 1 Bbixo4 nocneaHero nogaroT Ha
HY>XHbIA BXOA Koaepa.

MpoekTMpoBaHMe KOAOBOW MNpeobpa3oBaTeNlbHOM CXEMbl Ha Mape
[AeKofep-Koaep OKa3blBaeTCcs B cpeaHeM 6onee BbIrOAHbIM M MO 4nUCy
KOpMycoB, 1 NO ObICTPOAENCTBUIO, YEM MPU MPOEKTUPOBAHUN U3 FOTOBbLIX
6a30BbIx norndecknx mMukpocxeM U-HE n UJIN-HE. OgHako noTpebnsiemas
MOLLHOCTb B 3TOM C/ly4ae MOXET OKa3aTbCa 6onblle, YeM y CXeMbl U3
OTAESNIbHbIX 3/1IEMEHTOB. 3aTpaTbhl BPEMEHW WHXEHepa Ha JIorn4yeckoe
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NPOEKTUPOBAHNE MO CXEME [EKOAEP-KOAEP HEW3MEPUMMO MEHbLUE, YEM
3aTpaThbl Ha NPOEKTUPOBAHUE NPeobpas3oBaTeNs U3 PoCChiny.

3. MVJIbTUINIEKCOP

MynbTurnnekcop (MS) — 3T0 (PYHKUMOHAmbHBIA Y3€/1, OCYLLECTBNSHOLLNIA
noakntoveHne (KoMMyTaLmo) OQHOO U3 HECKOJbKMX BXOAOB K Bbixoady y. Ha
BbIXOA4, Takoro YCTPOWCTBa nNepedaércs  JIOTMYECKUA YpOBEHb  TOrO
MH(MOPMALIMOHHOIO paspsifia, HOMEp KOTOPOro B ABOMYHOM KOZe 3afaH Ha
aflpeCHbIX BXOAAxX Xi U Xo. YCNOBHOe u30bpaXkeHue MynbTUMIeKcopa Ha

X1

—1 |DC |
X1 — ]

MS X2 T

[E

X2

—

[=][>][=]] ]

C
_ T LE —_EI— y
a) : 6)
Puc. 30.3

YeTblpe BXOJa U BO3MOXHbI BApUaHT €ro CTPYKTYPHON CXEMbI MOKa3aHbl Ha
puc. 30.3, awn 6.

Muxi=0nxe=0,y=gnpmuxi=0unxe=1y=0npuxi=1unx
=0, y=cvmpux=1lunx=1 y=4d.

DYHKLMOHMPOBaHME MYJIbTUIM/IEKCOPA OMNMUCLIBAETCS BblpaXXeHNEM

y = aXi1Xs + bXiXo + CX1Xo + dX1X».

Bxoa £ — paspewatowmi: npu £ = 1 MynbTMnnekcop paboTaeT Kak
06bl4HO, Npn £ = 0 BbIXOA Y3N1a HaXOAUTCA B HEaKTMBHOM COCTOSIHUW,
MynibTUNAeKcop 3anepT. CepuiiHble y3/bl  BbIMYCKAOTC C  YMC/IOM
afpecHbIX BXoAoB /7 = 2, 3 U 4 nNpyn BO3MOXXHOM 4ucne 27 KOMMYTUPYEMbIX
Bxof4oB. [Ipy HeobxoaMMOCTM KOMMYTUpOBaTb 6osbluee KOIM4ecTBo
BXOAOB MCMOMb3YIOT HECKONbKO  MYNbTUMIEKCOPOB. MynbTunnekcopsl
HaxoAaT LUMPOKOE NMPUMEHEHME B YCTPOMCTBAX OTOBpaXkeHMs MHdopMaLum
B Pa3/IMYHbIX YCTPOMUCTBAX YNpaB/eHMSI.

TaK Kak My/IbTUNIEKCOP MOXET NMpOonyCTUTb Ha BbIXOA CUrHan ¢ noboro
MHPOPMAUMOHHOIO  BXOA4ad,  aApeCc  KOTOporo  YCTAHOBMEH  Ha
COOTBETCTBYIOWMNX aAPECHbIX BXOAaX, TO HA OCHOBE MyNbTUMNIEKCOPOB
peanusyloT slornyeckme (yHKUuKM, nogasast Ha WMHMOPMAUMOHHbIE BXOAbI
nornyeckne 1 mnn 0 B COOTBETCTBMM C Tabnvuenh MNepeknovYeHui, a Ha
apecHble BXoAbl — apryMeHTbl (yHKLUUN.

4. AEMYJIbTUIIJIEKCOP
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demysibturiiekcop (DMS) BbINONHSAET (yHKUMIO, 006paTHYO yHKUMK
MyfnbTUNJIEKCOpPa, T. €. NPOM3BOAUT KOMMYTaUMIO OAHOrO0 BXOAHOMO
CUrHana Ha 27 BbIXOAOB, rAe 17 — 4YUCIO aapecHblXx BxogoB X. OH
OCYLLECTBNSET npeobpa3oBaHMe WHGMOPMaUMKM K3  MOCNeAoBaTEIbHOM
dopMbl (nocnepoBaTeNbHO-NapanienbHON) B napannesnbHylo.
[eMynbTUNAeKCop UMeeT oAMH WHGOPMAUMOHHBLIN BXOA D M HECKOSbKO
BbIXOA0B, MPUYEM BXOA MOAK/IOYAETCS K BbIXOAY )j, UMEoWeMy 3aAaHHbIN
agpec.

B kauectBe npumMepa Ha puc. 30.4, @ OaHO YCNOBHOe rpaduyeckoe
obo3HaueHMe [eMynbTUMNIEKCopa, WMEKLWero 4eTblpe BblIX0A4d, 3aKOH
(byHKUMOHMpPOBaHNS KoToporo 3agaH (Tabn. 30.1). Monb3ysacs Tabn. 30.1,
3anuLIeM nepekoyaTenbHble MyHKUMM Ans BbixoAa YCTPOUCTBa:

Yo = DXiX2; y1=DXiXz; Y2 = DXxaXz; y3 = Dxgxz.

DyHKUMOHANbHAs CxeMa AeMynbTUMAEKCopa, peanusylowass 3Tu
BblpaXkeHus1, NpueeaeHa Ha puc. 30.4, 6.

D 2] Tabnwuuya
b | 1 30 2 ys v2 w1y

D “l bms _yo } %
1] 1 B

o — — v 1]o0]0[0[0[0]1

R SR % 1/o/1]0lo0]1]0

a) — V2
6) g 1/1/0/0l1]0]0
Puc. 30.4 - 1 1 1 1 O 0 0

Ecnn  obuwee 4uucno BbIXOAOB — pa3pabaThbiBaEMOro  YCTPOWCTBA
MPEBLILIAET MMEIOWNECS B BbIMYCKAEMbIX MHTErPasibHbIX MUKPOCXEMaX, TO
MCNOMb3YIOT NapannenbHoe NoAKoYEHNE HECKONbKMX cxeM. Ha puc. 30.5,

2 pvs [~ °
X1 !
—
D pms [~ T |ms
_ — P . D {pms [ °
D - - X1 | Vs — —
L DMS n — . y1
—_ Vi a X3 —] L
X1 | 6 — I
m b A w Y2
—| DMS | b —
X1 : VYo —?
- - 6)
V1o
D L
a) 2 oms [~ 7
X1 : | Y13
- Puc. 30.5

Via
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d NOKasaHOo  AeMYNbTUMNSIEKCOPHOE  AepeBO,  MOCTPOEHHOE  Ha
MYNbTUMMEKCOpPaX C YeTblpbMs BbixoAamu. O6beauHsIs MynbTUNIEKCcop C
AEMYNBTUMNIEKCOPOM, MOJyYaloT KOMOMHALUMOHHOE YCTPOMCTBO, B KOTOPOM
MO 33faHHbIM agpecaM OAWH U3 BXOAOB MOAKMOYAETCS K OAHOMY W3 €ro
BbIxozoB (puc. 30.5, 6).

YYEBHbIE 3AJAHUA U METOAUYECKUE YKA3SAHUA
K UX BbINMOJIHEHUIO

3apaHue 1. 3anycTtuTb nabopaTtopHbii komnnekc Labworks n cpeay
MS10 (WENKHYB MbIWbD Ha KOMaHAe JKCMEepPUMEHT MEHI0 KOMMJeKca
Labworks). OtkpbiTb davin 30.6.ms10, pa3mellénHbin B nanke Circuit
Design Suite 10.0 cpeabl MS10, unn cobpatb Ha paboyeM none cpeasbl
MS10 cxeMy gnsa ucnbltanuns gewvgparopa DC (puc. 30.6) 1 YCTAaHOBUTDb
B AMANIOroBbIX OKHAaxX KOMIMOHEHTOB WX MapaMeTpbl WU peXxunMbl paboThbl.

THG1L

e X0 X2
:E:; : o O X1 O X3 _IRL!LI
e o — & v p— >
C1 iy
- S [ ]uee RALE: S e— e 1
ST E 3 @ L
T o 5 e b c4
+= o \_W i = i |
T o DCD 3708 e 7
= o NOT — [ ]
= o |[:}_LC? Ll .
2 15 c Q T
T R
{]} {]} K:IO [
I Puc. 30.6 X5 x6 (Jx7

CkonupoBaTtb cxeMy (puc. 30.6) Ha CTpaHuLy OT4YéETa.

Cxema (puc. 30.6) conepxuT:

e WHTerpanbHbin  geuwmgparop DC (decoder) 3x8, wmeowmn 3
nHdopMaumoHHbIxX Bxoaa A, B n C (ans koga 4-2-1), 8 sbixogos (YO, ...,
Y7) n npeobpasylowmn MO3MUNOHHBIN 3-pa3psiiHbii  ABOMYHbLIA KOO B
yHuTapHeni "1 n3 8": B BbIXOAHOM 8-pa3psaaHON KOAOBOM KOMOGMHaUMK
TO/IbKO OAHa MO3NUMS 3aHsITa eaAMHULEN, @ BCe OCTalbHble — HyneBble (CM.
puc. 30.7, cnpaea). B 3aBMCMMOCTM OT BXOAHOrO [ABOWYHOIO KOAQ,
Hanpumep 001, Ha Bbixoge DC nosiBnsercs curHan 1 TONMbKO Ha OAHOW
(BTOpon, cM, puc. 30.6) M3 8-MM BbLIXOAHbLIX JIMHUIA, K KOTOPbIM
noakto4eHsl NpobHukn X0, ..., X7.

[JaHHbIN TMN WwWndpaTopa OTHOCUTCS K LWNGpaTOpaM C pasHbiM YPOBHEM
BXOAHbIX WM BbIXOAHbIX  CUTHANIOB:  aKTMBHblIE  BXOAHbIE  YPOBHM
COOTBETCTBYIOT YPOBHIO JIOrMYECKOM 1, @ aKTUBHbIE BbIXOAHbIE CUIHaNbl —
YpOBHIO normdeckoro 0. [Ns MNONy4YeHUsI aKTUBHbBIX BbIXOAHbLIX YPOBHEWN,
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paBHbIX 1, K BbIxO4aM AewwmdpaTtopa nogkioveHo BoceMb MHBepTopoB CO,
.., C7;

e nlormyeckuit reHepatop cnoea XWG1 (/= 500 kW) ¢ 3anncaHHbIMK
NOTMYECKMMWN C/TIOBAMU B €r0 SIYENKW MaMATU, KOTOPbIE 3KBUBASIEHTHbI
AecAaTUYHbIM yncniam oT 0 go 7 (cM. puc. 30.7, cnesa);

e normyeckuni aHanusatop XLA1l, Ha 3KpaH KOTOpPOro BbIBOASTCS
BpeMeHHble AnarpaMMbl kak Tpéx BxoaHbix (A, B, C), Tak n socemun (YO,
Y1, .., Y7) BbIXOOHbIX CUrHanoB MpwW MowaroBoM pexume Step
reHepaTtopa XWG1;

e nctoyHMk VCC, HanpsihkeHue 5 B C BbIxoga KOTOpPOro noAaHo Ha
nHeeptop NOT. Jlornmyecknii 0 C MHBEpPTOpa MOAAETCS Ha YNpaBNSHOLLNA
BxoA Aewwudpatopa DC: npu G =0 aewmndpaTop HaxoaUTCS B aKTUBHOM
COCTOSIHUM.

3anyctuTb nporpaMMy MoaenuposaHusa paewmndpatopa. LLéEnkas
MbllWbI0O Ha KHonke Step reHepatopa XWG1, nocnenosaTenbHO
noaasaTb Ha BXOA AewwndpaTopa forndeckue crnosa. YéeamTbca, 4To
npyv noaaye Ha BxoA AelundpaTopa KaXXaon HOBOW [BOMYHOM KOAOBOW

Logic Analyzer-XLA1

Time (%)
% Word Generator-XWG1 1900p  5900p 9900p  13900p  17900p  21.900p
g 1 1 1 1
i P Term 1
o ey Toooo A||F—) — — — 1
_osk | cwo pEEE (|31 r——1— ——1—
IBS:'% " Des 0010 c 1 |
F ¥ Binary ool Term 3
St ¢ st 0100 ;‘m:
Trigger alol Term &
frtemal F = 0110 w1 —
Extzmal 71 1 —
I 0111
Frequency T2 0
) gaoo e 1
| 500 i He oooo , || v [—
_ 1 Th
Ready Trigger W |
H ki) 1
B G B e B B GG Ellzi_féiu—
Clock Trigger
Htop T ﬂﬂ 1.900 us a00e Clack=sDiw 20 ' Sat...
Puc. 30.7 Reset 1.900 us |SDIZIe El —
T2 ﬂﬂ 0000 Set . | BExtemal Oualifier Qualifier
Reverse | |37y E r r s

KOMOBMHALMM 3aCBEUMBAETCSA TOMIbKO OAMH NMPOOHUK, KOTOPbLIN "pacno3HaéT"
CBOW BXOAHOW KO.

CkonupoBaTb BpeMeHHble AuarpamMMmbl BXOAHbIX W BbIXOAHbIX
CUrHanoB pewwudpatopa Ha CTpaHuuy oT4éTta. [lo pe3ynbTatam
MOAENMPOBaHMS COCTaBUTb W 3anNOJIHUTb Tabnuuy nNepeKIYEHUN
(byHkumit Y = (AiB;iCi; Gj)) Ha Bbixogax aewwmndpaTtopa DC 3x8.
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3apgaHue 2. OTkpbiTb dann 30.8.ms10, pa3MeléHHbIM B nanke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyem none
cpeabl MS10 cxemy pana wcnbltanunsa wugparopa CD (puc. 30.8) wu
YCTAaHOBUTb B [MANIOrOBbIX OKHAX KOMMOHEHTOB WX MNapaMeTpbl WM
peXumbl paboTbl.

CkonupoBaTtb cxeMy (puc. 30.8) Ha CTpaHMUy OTYéTa.

NHTerpanbHbii wngparop CD 8x3 (13 8 B 3) umeet 8 Bxoaos DO, D1,
..., D7, noagkntoyeHHbIX K BbixogaM YO0, Y1, ..., Y7 pgewundpatopa DC, n
Tpy uHBEpCHbIX Bbixoda A0, Al, A2, K KOTOpbIM yepe3 uHBepTopbl CO,
Cl, C2 noaknoyeHbl normyeckne npobHukn X0, X1, X2 u
cemucermeHTHbI MHAMKaTOp Ind. Copepxumoe sueek namsiTM reHepaTopa
cnosa XWG1: 000, 001, ..., 111 (cM. puc. 30.7, cnesa).

3anycTuTb NporpamMMy MoaenMposaHus wundgpaTopa. LLEnkas Mblwbio
Ha KHornke Step reHepatopa XWG1, nocneposaTenbHO nopgaBaTb Ha
BXOA AewwudpaTopa nornyeckme cnosa. YéeamuTbcs, UTO npu nogaye C
Bbixoaa DC Ha Bxoa wndpatopa CD 8-pa3psaHon nocneaoBaTenbHOCTH, B
KOTOPOM TONbKO OAHA NO3MUMS 3aHsTa eAVHULEN, @ OCTaJIbHbIE — HYNSIMNY,
Ha BbiIxoAde wudpatopa GOPMUPYIOTCA 3-paspsifHble OBOUYHbIE KOAbI
AOA1A2, rge A0 = A, A1 = B 1 A2 = C, cOOTBETCTBYIOLWME ABOUYHbIM
KOAOBbIM KOMbMHauUMsIM Ha Bxoae aewmndpatopa DC.

T
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=

W61 ﬁ X1 %2
o

- 2 DC EI
] o g |\ — \_hl_\ HFRIECD ’J
= BN i B, 8 o > 1 nd
— 1 B b — %1 D J
— o1 7y if & 1
— o L ¥4 D1 a1 [=

I

7 o [=

ENC_8TO3S

DCD_3TOR

NN
TEEPTETY
[TTTTTTI

. ebbbbbbd  LLELELLL

A NOT

VCC Puc. 30.8
L5

Mo pe3ynbTaTamM MoAenupoBaHuMs (MO 3aCBEUYMBAHUIO TIOrMYECKMX
npobHukos X0, X1, X2 n nokaszaHusm mnHaunkatopa Ind) coctaBuTb U
3anoIHUTb Tabnmuy NepekntoyeHnin Ha Bbixoae wudgpatopa CD 8x3.

Mpeo6pasoBaTtb cxemy aewndpatopa DC 3x8 un wndpatopa CD 8x3
(cMm. puc. 30.8) B cxemy DC 2x4 u wundppatopa CD 4x2, oTcoeauHuB
nposog C, noaxoaawmn Kk paewwndpatopy, u nposog A2 C BbiIxoaa
WwncpaTopa, 1 COCTaBUTb Tabnvubl NepektoyeHin aewmdpartopa 2x4 u
lwndpaTtopa 4x2.

b
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3apgaHue 3. OTkpbiTb dann 30.9.ms10, pasMelléHHbIN B Manke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha pabouem none
cpeabl MS10 cxeMy ans ucnoltanusa gemysibturiiekcopa DMS (puc. 30.9) u
YCTaHOBUTb B [ManoroBblX OKHaX KOMMOHEHTOB WX MapaMeTpbl Wnn

VCC Time (5)
W 1208 1618 1938 2258 2578
'—“\?\E i I e N oy B e N
E I N R
1 XAl C ]
J Term 4
- NOTH DMS | | Tems
A | J—h’_ﬁ 4 Tem 6
| L3 J A || Tm?
D 7 Term &
m 1 & vy LA il [F—
1 } B 71 Jd
S E vi Pl ¥l L[]
% m =
: + £B = L
! T e—— L]
L C I nom 2l v =
1 C T
EI‘—I_L;HCﬁTD_iV L LI
~7GND Clock Bt
Puc. 30.9 P

peXuMbl paboThl.

Hemysibturiekcop DMS 1x8 (M3 1 B 8) (puc. 30.9) umeetr oawH
MHGPOPMaUMOHHBLIM Bx0oA (C aKTMBHbIMM BbICOKMM G1 # Hu3kMM G2
ypoBHAMK), Tpu aapecHbix A, B, C Bxoaa, pa3peuwatowmn GL Bxoa C
aKTUBHbIM HU3KMM ypoBHeM K1 BoceMb YO, Y1, ..., Y7 MHBEpPCHbIX BbIXOAOB,
COeAMHEHHbLIX C BXOAaMu JforMyeckoro aHanusatopa XLAl. Ha Bxoa
aHanu3aTopa TaKXe MNoJaltTCAa CUrHasbl C agpecHbix Bxogos A, B, C. C
nomouubto kntoyer A, B n C MOXXHO cchbopMMpPOBaTb BOCEMb TPEXPA3pAAHbIX
ABOWYHbIX apecHbiX cfioB. Npu nocneaoBaTenbHON nogade hopMUpPYEMbIX
Ko4aMm agpecHsbix c¢nos ot 111 ao 000 Ha 3kpaH aHanusaTopa XLA1 npu
MOZEeNMpoBaHM BbIBOAATCS 8-pa3psaaHble KoAOoBble Moc/eqoBaTeIbHOCTU C
OOHWM aKTUBHbIM (HU3KUM) YPOBHEM.

Ans obecrneyeHnss MeANIEHHOr0 MEPEMELLEHMST JIydel Ha 3KpaHe
aHanu3atopa XLA1l ycTaHOBMTb 4acToTy ero Talmepa £ = 500 Iy u
4YMCO UMNY/LCOB, NpUXoaawWmMxcsa Ha ogHo aenexve, Clocs/div = 80.

3apaTtb Ko kaoden 111 n WwenkHyTb Mbillblo Ha kHomnke Run/Stop.
KpuBble aApecHbIX W  BbIXOAHbIX JIOTMYECKMX CUrHANoOB MeasieHHO
pa3BOpaYMBAOTCA BO BPEMEHWN Ha 3KpaHe aHanu3aTopa.

OcrtaHoBuTb (LLENYKOM MbllUM Ha KHonMke Stop) npouecc
MOAENMPOBAHMA MpU  MNPUBNMKEHUM Nyden  aHanusaTopa K JIMHUK
pPa3MeTKU 3KpaHa.

MoBTOPATb MepeynciieHHble Bbille onepauun ang  cnagaroLlmx
CYETHbIX KOMObMHauun aapecHbix curHanoB (¢ 110 go 000) mo Tex nop,
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noka He 6yaer 3anMcaH MNpoLecC MoAeMpOBaHUS Mpu aapecHOM CrioBe
000 (cM. puc. 30.9, cnpasa).

Y6eauTbCA, 4YTO ANS KaXAoW KOMOMHAUMM afpecHblIX CUrHasoB
AEMYNbTUNNEKCOp dopmupyeT nornyeckun 0 Ha OAHOM M3 BOCbMU
BbIXO4OB, HOMep KOTOPOro COOTBETCTBYET orpeaenieHHOMY KOoAOBOMY
CNoBY Ha Bxode, T. e. [AeMyfbTunnekcop noaobeH KoMMyTaTopy,
MOCPeACTBOM KOTOPOro MOTOK UM@poBOM MHGOpMauMn pa3gensietca Ha 8
BbIXOAHbIX MOTOKOB.

CkonupoBaTtb cxeMy (puc. 30.9) n BpeMeHHble AvarpaMmbl BXOAHbIX U
BbIXOAHbIX CUrHANOB Ha CTpaHULy OTYéETa.

Ecnn  agpecHole Bxoabl A, B n C npuHATL B  KayecTse
nHdopMaumnoHHbIX Bxoaos, a Bxoa G1 (G2) B KadvectBe BXxo4a
pa3pelueHuns paboTbl, TO MyNbLTUMNIEKCOP NPeBpaTUTCA B AelundgpaTop.

3apaHme 4 (BbiNosHsleTcd  haKynbTaTMBHO). OTKPbITb  haiin
30.10.ms10, pa3meléHHbin B nanke Circuit Design Suite 10.0 cpenpl
MS10, unn cobpaTtb Ha paboyem none cpeabl MS10 cxeMy Anst UCMbITAHNS
gemysiburiiekcopa DMS 1x16 (3 1 B 16) (puc. 30.10) 1 ycTaHOBUTDb B
[AMANoroBblX OKHAX KOMIMOHEHTOB MX MapaMeTpbl WKW PeXxumbl paboThbl.
CkonupoBaTtb cxeMy (puc. 30.10) B OTUET.

C uenblo asTOMaTM3auMM npouecca MOAENMPOBaHUA K  BXoay
aemynbTunnekcopa DMS noakntoyeH normvyeckuin reHepatop XWG1 c
3aM1CcaHHbIMK B €ro si4erku NamaTn agpecHoiMmn kogamm ot 0000 go 1111,
a Ana Bu3yanM3auuu CUrHanoOB Ha BbIXOAax BK/KOYEHbl 16 slornyeckmx
npobHunkoB X1, X2, ..., X16 v nornyeckmit aHanusatop XLA2.

3anycTtuTb NporpaMMy MOAENUPOBaHUA AemynbTunnekcopa DMS
1x16. lNocnepoBatensHO nopaaBaTb (LUenKkas MblWblO HAa KHoOMKe Step
reHepatopa XWG1) Ha Bxo4 AeMynbTUMSIEKCOpa JlorMyeckne CnoB.a,
HauMHasa C KoMbuHaumm 0000 agpecHOro curHana W 3akaH4uMBas
koMbuHauuen 1111, 1 HabnrogaTb 33 U3MEHEHUSIMU BbIXOAHbIX CUrHANOB
Mo NMokKasaHWsaM MHAMKATOPOB M B OKHe aHanu3satopa XLA2.
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B wuccneayemon Momenu  AeMyNbTUMNEKCOPA  COOTBETCTBYHOLLWIA
aKTUBHbIA BbIXOA WMMEET HU3KUA norndeckmin yposeHb (puc. 30 11),
NO3TOMY MPOBGHMK Ha 3TOM BbIXOAE He CBETUTCS. Tak, npu nogaye
nocneaHen koaoson koMbuHauum 1111 Ha Bxod AEMyNbTUMNIEKCOpPA He
CBETUTCS NPObHMK X16, Tak KakK aKkTUBHbLIM siBNseTcs Bbixod 15 (CcM. puc.
30.10).

CkonupoBaTb Ha CTpaHULY OTYETa BpeMeHHble AuarpaMMbl BbIXOLHbIX
CUrHanoB aemynbtuniekcopa DMS 1x16.

NMpuMeuyaHue. [leMynbLTUNNEKCOPbl KaK TaKoBble MPOMbILIEHHOCTbIO
He BbIMNYCKAKTCS, MOCKOJIbKY PEXUM MYNbTUMNEKCUPOBAHUS MOXET ObiTb
peann3oBaH KaK YacCTHbIA Cyyan B ApYyrMx YCTpOMCTBax — B
AewmdpaTtopax.

3apaHme 5. OTkpbiTbh (arin 30.12.ms10, pa3MeléHHbIM B Marnke
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Puc. 30.11

Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyeM none
cpenbl MS10 cxemy (puc. 30.12) ana ucnelTanusa mysibturisiekcopa MS 8x1
(3 8 B 1) M ycTaHOBUTb B [MANIOrOBbIX OKHAX KOMMOHEHTOB WX
napameTpbl UM pexunmbl pabotel. CkonupoBaTb cxemy (puc. 30.12) Ha
CTpaHuULy OTYéTa.
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MynbTunnekcop MS ¢ paspewarowmMm BxogoM G OCyLlecTBNngeT
nepegayvy cuvrHana c kaxgoro mHdopmaumoHHoro exoga DO, D1, ..., D7,
3aaHHoro 3-paspsgHbiM kogom ABC — agpecoM BblbMpaeMoro Bxofa, Ha
eAVHCTBEHHbIM  Bbixog Y. PaspsgHocTb (3) ynpaBnsiloWEro CcurHana
onpefensieT Konmyectso BxoaoB (23 = 8), C KOTOpPbIX MyNbTUMIEKCOP
MOXET MpuUHUMaTb MHGopMaumio. Ecnn npeanonoxuTb, 4To K BXxogam DO,
D1, ..., D7 mynbTunnekcopa MS npucoeamHeHo 8 UCTOYHMKOB LMPPOBbIX
CUrHaNoB — reHepaTopOB NOCNeA0BaTENbHbIX ABOUYHBIX CNOB, TO 6alTbl OT
Noboro U3 HUX MOXKHO nepefasaTb Ha Bbixoa Y.

Ans vnnocTpaunm paboTbl MynbTunnekcopa MS 3anuwem B S4einku
namatn reHepatopa XWG1 npousBosibHble 8-pa3psaaHble KOA4OBble C/10Ba
(puc. 30.13, cneBa), a ¢ nomouwpbto knoven A, B, C cdhopmupyem yn-
paBnsowmin curHan 111. MocneaoBaTenbHO LWENKAs MbILbO Ha KHOMKe
Step reHepatopa XWG1 v npu G = 1, nocrynawowme Ha Bxog D7
MynbTunnekcopa 6antbl (curdHan 01001110) c 8-ro paspsaa (Ha pwuc.
30.13, cnesa 8- pa3psaa NokasaH CTPENKOM) IOrMYecKnx CroB reHepaTopa
XWG1 nepegatoTcs Ha Bbixod Y M Ha BXoA4 aHanuiaTtopa (cM. puc. 30.13,
cripasa).

Ecnm kmoy A yCTaHOBUTbL B HWDKHee nosioxeHune (cpopMmpoBas, TeM
caMbIM, aapecHbi kog 011), To ¢ Bxoaa D3 Ha Bbixoa Y MynbTUMNIEKCOPa
6yayT noctynatb 6anTbl 4-ro paspsifa NOrMYeckuMx C/0B, 3anuCaHHbIX B
syerikn namaTu reHepatopa XWG1, n T. A.

3anucatb B [epBble BOCEMb f4eeKk namMATU reHepatopa XWG1
Npon3BosibHblE 8-pa3psiaHble KOAOBblE CN0OBa, 3agaTtb 4yactoty /- = 500
Ky 1 pexkum Step ero pabotol (cM. puc. 30.13, cnesa).
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3apaTtb 4actoty £ = 20 MU TalMepa NOrnM4Yeckoro aHanmsaTopa
XLA1 un konuyectBo nmnynbcoB TarMMmepa Clock/div = 20, npuxoaswmnxcs
Ha OAHO AeneHue.

YcTtaHoBUTL C nomouwbto knoden A, B un C agpecHbii Koa
(camocTosATENBbHO MK NO YKa3aHuo npenoaasatens), Hanpumep 1002 (410)
1N 3anyCTUTb NpPOrpaMMy MoAeNMpoBaHusa MysnbTUnekcopa. NMonyuntb n
CKONMUPOBAaTb BpPeMeHHble AnarpaMMbl BXoAHbIX curHanos DO, D1, ..., D7
N BbIXOAHOro curHana Y MynbTUMNIEKCOpa Ha CTpaHuuUy OTYéTa.

MpuMeuaHue. Tabnuubl NEPeKNOYEHUMN Ha  BbIxoAaax  Ans
PacCMOTPEHHbIX 6UBNIMOTEUYHBIX Npeobpa3oBaTenen KoAoB MOXHO BbI3BaTb
Ha)xaTuem KnaBuwmn nomowm F1 nocne BblAeNeHUSs Ha  CXeMe
COOTBETCTBYIOLWEro npeobpazoBatensl.

COLEPXAHUE OTYUETA

1. HaumeHoBaHWe 1 uenb paboTsl.

2. MepeyeHb NpnbOpPOB, MCNOSIb30BAHHLIX B 3KCMEPUMEHTAX, C UX KpaT-
KUMW XapaKTepUCTUKaMu.

3. N306paxkeHns anekTpu4ecknux cxeMm Ans UcnbiTaHus gewmdpartopa,
lWndppaTopa, AeMYbTUMNIEKCOPA U MYbTUMIEKCOPA.

4. KonuuM BpEMEHHbIX AMarpaMM W Tabnuubl NEpPEKOYEHUN,
oTobpaxatowwme paboTy nccnegyemoix npeobpasoBarenien KOAoB.

5. BoiBOAbI MO paborTe.

TECTOBbIE 3AAAHUSA K PABOTE 3 (Lr 30)

1. Ykaxxute 3apaum:

a) [Ona [aeMynbTUNNEKCUPOBaHWA [AaHHbIX M afpecHOM oMKW B
3anoMUHAOWMX YCTPOMCTBAX, a Takxe Ans npeobpa3oBaHUs [ABOUYHO-
NECATUYHOrO KoJla B AECATUYHBIN C LIENbIO YNPaBAeHNs UHAUKATOPHbLIMUA U
neyaTaloLwmMMm YCTpONCTBaMU;

6) Ona npeobpa3oBaHUs AECATUYHBIX 4YMCEN B [ABOWYHbIE UM B
NBOVYHO-AECATUYHBIA KOA, HaNpuUMep, B MUKPOKaNbKynsTopax, B KOTOPbIX
Ha)xaTue AeCSTUYHbIX K/aBULIEN Bbi3bIBAET FreHepaLuio COOTBETCTBYHOLLMX
ABOWYHBIX KO/I0B;

B) [ns xpaHeHMs WM npeobpas3oBaHMsi MHOrOpPaspsiAHbIX [ABOUYHbIX
yucen;

r [Ong KoOMMyTauuu B 3aiaHHOM MOPSIAKE CUrHANOB, MOCTYNAOLWMX C
HECKOMNbKMNX BXOAHbIX LUMH HA OAHY BbIXOAHY!HO;

Z) Ona pacnpeneneHuss B TpebyeMol NoOCneaoBaTeNbHOCTU MO
HECKOMbKMM BbIXOAaM CWUrHanoB C OAHOMO0 WH(OPMaLMOHHOMO BXoAda, B



YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BeruyucauTe/ibHAsA TEXHUKA

4YaCTHOCTU, AN nepeaayu MHCbOpMaLI,VIVI no OﬂHOVI JINHNMN OT HECKOJIbKUX
YCTAHOBJIEHHbIX HA Hen AAaT4YUKOB,

P peLeHnn KOTopbIX NCMOMb3YeTcs:
1. ludpatop: © & O 6) O B) © SR

2. Jewndpatop: © a © 6) O B) o) o A
3. MynbTunnekcop: 0a) o 6) O B) o O A
4. Oemynbtunnekcop: © @) o 6) OB) ©n O 2

2. YKaxuTe, C Kakoro paspsiaa O6uHapHOro cfioBa reHepaTopa
nornyeckoro crnoea XWG 6yaeT nepegasaTbCs MHMOpMaUUs Ha BbIXOA
MynbTunnekcopa 8x3 npu agpecHoM koge 100 Ha ero Bxoae?

c 1 3 o5 o7 ©9

3. YKaxute uncno  BbIBOAOB  AewwmdpaTtopa npu TpéEX

MHMOPMALMOHHBIX BXOAAX.

©2 04 O O8 016

4. YKaxuTe Ha3HayeHue CTpo6upyrowmx BXOL0B B
npeobpaszoBaTensix KogoB.

O [ins cMHXpoHM3auun paboTel NpeobpasoBaTenen

O Aana yBEeNNMYeHUs yucna KOMMYTUPYEMbIX
MH(OPMALMOHHBIX BXOA0B, @ Takxke Ans 61oKnpoBaHUs
paboTbl Npeobpa3oBaTenen

O [ns yBenuyeHus uncna agpecHblX BXOAOB

5. YkaxunTe, B KakoM npeobpa3oBaTtene BbI6Op BXo4a No ero HoMepy
(agpecy) ocyLecTBnsieTcsl C NOMOLbIO ABOMYHOIO Koaa?

O B wudpaTtopeo B gelumndpaTtope oB MynbTMnnekcopeoB aeMynbTunnekcope

6. VYkaxute 4yucno BbIBOAOB Yy wWudpaTopa nMpu  YeTblpéx
MHMOPMALIMOHHbIX BXOAaX.

©16 ©8 ©4 032 01

7. YKaxuTe, KakoM U3 npuBeAeHHbIX npeobpasoBaTenen KoaoB
BbIMYCKAETCS NMPOMbILLIEHHOCTbIO TO/IbKO B COCTaBe APYrux YCTPOUCTB?

O Wndpatop o Hewundpatop o Lemynbtunnekcop © MynbTunaekcop
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JlabopaTtopHas pa6ota 4 (Lr31)
LLUGPOBOIA KOMIMAPATOP
LLEJ1b PABOTbI

O3HaKOMNIEHME C OCHOBHbIMW  XAPAKTEPUCTUKAMU U UCTbITAHUE
MHTErpanbHOro LUMdpoBoOro KoMnapaTopa.

TEOPETUYECKME CBEAEHUA N PACHETHbBIE ®OPMYJibl

Lngpposori  Komriapatop nNPeAHa3Ha4yeH [AaNns  CPaBHEHUsT  ABYX
MHOropaspsiiHbIX ABOMYHBLIX 4ucen. B npoctenwem cnydae Tpebyetcs
NWLLIb YCTaHOBUTb (baKT paBeHCTBa OMHapHbIX uncen A n B 0AMHAKOBOM
paspsagHocTu. [lpn  /7paspsiaHbIX 4YMCIax KoMnapaTop COCTOUT U3 /77
CYMMATOpPOB MO MOAY/O 2, BbIXOAbl KOTOPbIX MOAKIKOYEHbI K 3/IEMEHTY
NN, Tonbko Npu COBMAAEHUM 3HAYEHWUA BCEX pa3psiaoB umncen A v B Ha
BbIxoAax Bcex cymmatopoB byaet 0. Ecnm xe uncna oTnnyaroTcs XoTs 6bl B
O4HOM paspsige, TO Ha BbIxoAe COOTBETCTBYHOWEro CyMMaTopa W,
cnegosaTesibHO, Ha 0buweM Beixoae byaet 1.

Onepauust nopaspsiAHOr0O CpaBHEHWUS 3aKloyaeTcs B BblpaboTke
npu3Haka paBeHCTBa (paBHO3HAYHOCTN) nnn HepaBeHCTBa
(HepaBHO3HAYHOCTM) ABYX CPaBHMBAEMbIX ABOWYHbIX 4ucen. [Ba uucna
paBHbl NMpu paBeHCTBe UMdp B OAHOMMEHHbLIX pa3psaax: a = b, rae ai—
undpa B /M paspsige oagHoro uuicna, b — uudpa B /M paspsige apyroro
yncna. PaBeHCTBO g, = by UMeeT MecTo npwu a =1, b=1wnnnnpun g
=0, by = 0. NoaTomy nornyeckast GyHKUMS, BblpaXkaloLlas 3TO PaBeHCTBO,
paBHa eauHuue, ecnu eavHUUE PaBHO Npou3BedeHne 3TUX Uudgp mnnm
Npou3BeAEHNE NX UHBEPCHbIX 3HAYEHUN, T. €.

a nornyeckass @yHKUMS, ONUCbIBAKOLLIAS KOMMapaTop ANS /Fpas3psiaHbiX
yncen, UMeeT BUA,
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y = (ab; +ab))(a,b, +a,b,)...(anby + aybp) .
[na NoCTpoeHna KoMnapaTopa TONbKO Ha anemeHTax U-HE 3anuweM eé
B Apyrou ¢opme, BOCMOb30BaBLWNCL hopMynon ae MopraHa,

y = (&9by-a1by )(azb; - @z0z)...(anby - @yby ).

Cxema, peanuaytoLLlast 3TO BblpaXkeHne, rnpuesedeHa Ha puc. 31.1, a.

Ecnn  Heobxogumo, u4TOobbl MNpW paBeHCTBE KOAOB HA BbIXOAe
KoMnapaTtopa 6bina normyeckas 1, 1o K Bbixogy cxembl (puc. 31.1, a)
cnenyeT npucoeavHUTb MHBEPTOP.

B HeKkoTOpbIX KOMMapaTtopaxX HaxOAUT MNpPUMEHeHWe Yy3es CpaBHeHUs
ymcen C onpeneneHneMm 3Haka HepaBeHcTBa, T. €. A > Bwuwm A < B
YCTpOMCTBO KOMMapaTopa B 3TOM C/lyyae mnony4vaeTtcsa 6onee CnoXHbIM.
Yncno BXoaoB ero paBHO 277, @ YNCIO BbIXOAOB Tpu: Yo npn A > B, Y- npu
A=B Ycnpnu A< B.

KoMnapatopbl BbIMNOMHAOT B BuAe OTAENbHbIX MUKpocxeM. Tak,
Hanpumep, Mukpocxema  K564UM2  no3BonseT  cpaBHMBaTb  [ABa
YeTbIpEXpaspsaaHbIX YMCia C onpeaeneHMeM 3Haka HepaBeHCTBA. YCNOBHOe
0603Ha4YeHne Takon MMKPOCXeMbI NpMBeAEHO Ha puc. 31.1, 6.

ax
b1

ao

Do Y.

A>B

b, —

an

bn

a2 A=B

b,

as

6)

Puc.31.1

[aHHbI TMN KOMMapaTopa ob6/alaeT CBOMCTBOM HapaluMBaeMocTu. Ans
CPaBHEHUS, HanpuMep, 8-paspsiaHbIX YMcen MPUMEHSIIOT [Ba 4-paspsiiHbIX
KoMnapatopa. [ns 3ToM uenM kak B Mukpocxeme K564UMM2, Tak u B
HEKOTOPbIX  APYrMX  MapKax  OTEYECTBEHHbIX U 3apybeXxHbIX
Npou3BoAUTENEN, NPEeAYCMOTPEHbI TPU AOMOSHUTENbHbIX BXoAa: A > B A =
B wnw A < B K KOTOpbIM MOABOAATCA COOTBETCTBYHOLIME BbIBO/bI
MUKPOCXEMbI, BbIMOSHAIOLLEN CPaBHEHWE MMAALLINX Pa3paaoB.

YYEBHbIE 3SAAHUA N METOANYECKME YKA3AHUSA
K UX BbINMOJIHEHUIO
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3apaHue 1. 3anycTuTtb abopaTopHbIn komnnekc Labworks u cpeay
MS10 (WENKHYB MbIWbD HAa KOMaHAe JDKCMEepPUMEHT MEHI0 KOMMJeKca
Labworks). OTkpbITb daiin 31.2.ms10, pa3mewénHbin B nanke Circuit
Design Suite 10.0 cpeabl MS10, nnn cobpaTtb Ha paboyem none cpeapl
MS10 cxemMy ana wcnblTaHusa yu@poBoro kKomnaparopa (puc. 31.2) wu
YCTaHOBUTb B [MANIOrOBbIX OKHAax KOMMOHEHTOB WX MapaMeTpbl Wn
pexxuMbl paboTel. CkonupoBaTb cxeMy (puc. 31.2) Ha CTpaHuLy OTYETa.

LindppoBoit 4-paspsigHbii komMnapatop Comp4 (puc. 32.2) BbIMNOHSET
CpaBHeHWe 4YeTbIpéX CTapluMX paspsaoB 8-paspsaaHbix OuHapHbIX vnicen A n
B C y4yéTOoM pe3ynbTaToB CPaBHEHUS MaflWuX pa3psaaoB, NoAaBaeMblX Ha
Bxoabl AGTB (A > B), AEQT (A = B) v ALTB (A < B) c
COOTBETCTBYHOLUMX BbIBOAOB MEPBOM MMKPOCXEMbI KOMMapaTopa. Ha Bxoabl
A3, A2, A1, A0 n B3, B2, B1, BO mukpocxembl Comp4 nocTynarT C
reHepatopa cioBa XWG1 curHasnbl YeTbIpEX CTapLuMX pa3psaos vmicen A m
B.

CvrHansl cpaBHeHWs 8-pa3psagHbIX Yncen ¢ onpeaeseHnemM ux paBeHCTBa
A = = B nnn HepaBeHcTBa A > B, A < B nopatotcs Ha Bbixoabl OAGTB (A
> B), OAEQT (A = B) n OALTB (A < B). K 3TuM BbIxOAaM MOAKNKOYEHDI
BXOZbl normyeckoro aHanusatopa XLA1 n nornyeckne npobHmkn X1, X2 u
X3.
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Mpn CpaBHEHMM MHOropaspsiAHbIX [ABOMYHbIX YMCEN MCMOSb3yeTCs
cneayowmii  anroput™. CHayana CpaBHMBAKOTCS 3HAYeHWUs  CTapLUMX
paspsaoB. ECM OHWM pa3nnyHbl, TO 3TW paspaabl U ONpeaensioT pesynbTaT
CpaBHeHMsl. ECnn OHWM paBHbl, TO HEO6XOAMMO CpaBHUTb CleadyloliMe 3a
HUMW MNaALLne paspsabl U T. A.
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Komnapatop 74HC85AN_4V peanu3yeT YKa3aHHbIA  anropuTM:
COOTBETCTBYIOWIME  flornyeckne  (yHKUMM NpvBedeHbl B Tabnuue
UCTUHHOCTM (Tabn. 31.1), BbIBOAMMOM Ha 3KpaH Aucnies nocne
BblAeneHms nsobpaxeHnss koMmnapatopa Ha cxeMe (puc. 31.2) n HaxaTtus
KnaBuLm nomolwm F1 knaBuaTypebl.

COMPARING IHPUTS CASCADING IHPUTS

OUTPUTS
(CpaEHHEAEMEIE 4-paspATHEE (PesynrTaT cpaEHEHHA (Brrzonwr)
OECHYHEIE YHCIIA) MIANIIHE PaspanoE ) A
A3,B3 | A2,B2 | A1,B1 | AO,BO AsB A=B A<B | AsB A-B A<B
Ad-B3 X X 0
Ad=B3 X X
Ad=E3 AZ=B2 X
Ad=E3 A2=B2 X

Al=B3 AZ=B2 | Al1=B1
Al=B3 A2=B2 | Al1<B1
Al=B3 A2=B2 | A1=B1
Al=B3 AzZ=B2 | Al1=B1
Al=B3 AZ=B2 | A1=B1
Al=B3 A2=B2 | A1=B1
Al=B3 A2=B2 | A1=B1
Al=EB3 A2=B2 | A1=B1
Al=EB3 AZ=B2 | A1=B1
Al=EB3 AZ=B2 | A1=B1
Al=B3 AZ=B2 | Al1=B1
Al=B3 AZ=B2 | Al1=B1
Al=B3 A2=B2 | A1=B1
Al=B3 A2=B2 | A1=B1
Al=B3 AzZ=B2 | Al1=B1

1l .-\g@x:xxxxx
F:

EE8E8838888

L = = I o R B
L = B R e R B

L i = B o o s R - RS R o PR R o )
DD = =200 =2 =2 0000 000 000

O = = 0 = = OO0 0 = 0O 0 =0 = 0O =

EEEEEEEEEEE

L R = I = TR LA o T B L S A S

Iprmeyamie. X- moboe cocToaHHe

Tabnuua 31.1

3apaHue 2. MMonyunTb BpeEMEHHbIE AnarpaMMbl BXOAHbLIX U BbIXOA4HbIX
CUrHanoB Ha 3KkpaHe aHanm3aTtopa XLA1 npu nowaroBon nogaye Ha BXoApbl
KOMMapaTopa CUrHanoB C BbIXOAOB reHepaTtopa cnosa XWG1 (/- = 500
KIy).

[ns atoro:

— WENKHYTb MblWbl0 Ha M306paxkeHnn reHepatopa XWG1 (cMm. puc.
31.2) 1 3anucaTb B ero nepsble s4enkn namsatu 10 Npom3BOsbHLIX (MK
3a[aHHbIX npenojasaTtenem) 11-pa3psaHbIx KOLOBbIX
NnocneaoBaTeNbHOCTEN, MNPUYEM B MNEPBbIE YETbIPE paspsaa  3anumcaTtb
(cnpaBa Haneso) 3HaueHus (1 wnm 0) uucna A, T. e. A3A2A1A0, B
cneayrowme Tpu paspsaga — TpeExpaspsaHble ABOMYHbIE YMicna (A>B, A
= B n A < B C 0OHMM BbICOKMM YpPOBHEM, paBHbiM 1, ocTanbHble 0) C
BbIXOAOB MNpeablaylue MUKPOCXEMbl CPAaBHEHWUSI U, HAKOHEL, B MoCneaHue
yeTblpe pa3psaa — 3HayeHns B3B2B1B0 uucna B;
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— WENKHYTb Mbllb0 Ha M306paXeHUn Norn4yeckoro aHanmsaTopa
XLA1 v yCTaHOBUTb B €ro OkHe 4actoTy fz= 10 My Tanmepa, ypoBeHb
BbICOKOrO Hanps>keHun Un = 4 B ©n uucno wMnynbcoB TanMepa,
npuxoaswmxcs Ha ogHo aenexne, Clocks/div = 20;

— 3anyCTUTb NporpamMmy MoaenmpoBaHMsl KOMMapaTopa;

— nocnegoBaTenbHO LWENKas MblWbo Ha KHornke Step reHepatopa
XWG1, NONY4UTb BpPEMEHHble AuarpaMMbl BXOAHbLIX W BbIXOAHbIX
CMIHaNOB Ha 3KpaHe aHanu3atopa XLA1.

B kadectBe npumMmepa Ha puc. 31.3 nNOKasaHO coaepXxaHue
3anNporpaMMMpPOBAHHbBIX S4YeeKk MnaMsaATM reHepatopa 6uHapHOro cnosa
XWG1, a Ha puc. 31.4 — BpeMeHHble auarpaMMbl BXOAHbIX U BbIXOAHbIX
(Y>, Y= 1 Y<) curHanos, Xxapaktepusyowmx paboTy komnapaTtopa.

% Word Generator-XWG1

Cantrols Di=splay E}
_ Cwele | " Hex noooooooooooaoonoooooololoololol
:;? . I:I.ec ooogooooooooaooniooooolollonolol
% Binary noooooooooooaoonooooooallnloolll
Set... oAt aoooooooooooaoonoooonlllonlnlola
Trigger aoooooooooooaoonoooonllolnolnlliol

Intemal
Evtermal ¥ T oooooooooo0o0000000on011110l00000

00000000000000000000011110101111
00000000000000000000011001001100
| 500 —[kHz A4 00000000000000000000011000011100

Frequency

Ready Trigger

K o
J e e D L T L L

Puc. 31.3
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TONMbKO Mpu paBeHCTBE BCEX pa3psiaoB ABOUYHbLIX YMCeN, B TOM 4uC/e
yeTbIpéX Mnaawmnx paspsagos (npun koge 010 ¢ npeablayLen MUKPOCXEMbI) U
yeTblpéx cTapwmx pa3psgos: A = B = 1010 (cM. war 1 Ha puc. 31.4); A =
B = 0101 (war 5 n A = B = 1111 (war 8) Ha Bbixoge Y= KOMMapaTtopa
dopmMupyoTca nornyeckme eanHuubl. Ha BTopoMm ware npn A = B = 1010
BbIXOAHON curHan Ys = 1, Tak Kak Ha KomnapaTtop nogaH kop 001 c
npeablaywen MUKPOCXEMbI, @ Ha TPETbEM Liare BbIXOAHOM curHan Y< = 1,

% Logic Analyzer-XLA1

Time (5)
4000p  S000p  12000p  16000p  20.000p

[}

? 43 I | | | | |
22 1 1
S s I L L
& | a0 [ L
O | Tem s
O — 1 ]
& |z | 1
= |z [ | [ | | | | |
i Term
= | &= I ] [
= | B2 [ L |
i | = I
= | 2o |
~ | Tem14
rf: Warw: 1 2 3 4 5 6 7 8 9 10

Clack Trigger

stop T ¥ 0oo0s  [0000 | Clocks/Div [z0 = s

Reset |13 4 :gggg us fede Set. | Extenal Qualifier | Qualifier
Rewerse | 12,11 . O O i

Puc.31.4

Tak Kak nogaH kog 100. Mpu paBeHCTBE YeTbIPEX MAAAWKMX paspsaos (Koa
010) Ha yeTBépTOM Ware Y> = 1, Tak Kak uncno A = 1110 6onblie yncna
B = 1100, a Ha naToM — curHan Y< = 1, Tak kKak uncno A = 0101 MeHbLue
yucna B = 0111, n . A.

3apnaHume 3. CkonupoBaTb Ha CTpaHuUy OTYETA AMANOroBOe OKHO
reHepatopa XWG1 u okHO aHanm3atopa XLAl C BpeMeHHbIMU
AvarpaMMamMn BXOAHbIX U BbIXOAHbLIX CUrHAsMoB.

PykoBoacTBysicb Tabnuuen wuctmHHoctM (cMm. Tabn. 31.1), patb
NOSICHEHUA pe3y/ibTaTaM CPaBHEHUS OBYX OMHApPHbIX 4Mcen ans BCex
3arMu1CaHHbIX B SYENKM NamaT reHepatopa XWG1 koMbuHaumii GMHapHbIX
nocrieqoBaTelbHOCTEN.

COAEPXAHUE OTHETA
1. HanmeHoBaHue n uenb paboTol.
2. MNepeyeHb NpubOpPOB, UCMONb30BAHHBLIX B 3KCNEPUMEHTAX, C UX KpaT-
KMMWN XapaKTepUCTUKAMM.
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3. N306paxkeHne 3NneKTPMUYECKON CXEMbl ANS UCMbITaHUS LMMOPOBOro
KoMnapaTtopa.

4. Konuu amManorosoro okHa reHepatopa cnosa XWG1 c 3anncaHHbIMU
KOMBMHaAUMAMM OBOMYHBIX MOCNeA0BaTeNbHOCTEN B €ro SiYenKu namsaTm m
OKHO normyeckoro aHanmsatopa XLA1l C BpeMeHHbIMM Auarpammamu
BXOAHbIX W BbIXOAHbLIX CUrHaN0B uUccneayemMoro KoMrnaparopa.

5. BoiBOoAbl MO paboTe.

TECTOBbDIE 3AAJAHUA K PABOTE 4 (Lr 31)

1. YKkaxuTe: &) MOXHO N1 YCTaHOBUTb paKT aO:E —
paBeHCTBa JBYyXpa3psaHbIX GUHApPHbIX yncen A u

B C nMOMOWbI MNPUBEAEHHOrO  YCTPOWUCTBA &, o b ] Ly
CpaBHeEHUs1;, 6) KakoM ypoOBeHb CWUrHana 50:[ . )
YCTaHOBUTCS HA ero BbIXoAe NMpW paBeHCTBE 4ucen 5_&—_
A n B? 1L

d) ©O[la O Het

6) o0 o1

2. YKaXxuTe, Kakyto (pyHKLMIO BbINOMHAET UNhpPOBOIM KOMNapaTop?

O CyMMunpoBaHMe no MOAYNKO 2 BCeX paspsgoB C  Uenbko
BbISICHEHNS YETHOCTU YKncCna

o CpaBHeHne pfABYX OwuHapHbiXx umcen A wn B oanHakoBoM
pa3pagHOCTN C Lheﬂbio ogpeneneHMﬂ paBeHCTBa A = B wunu
HepaBeHCTBA A< BN A >

O XpaHeHue 1 npeobpa3oBaHNe MHOrOpa3pAAHbIX YMCen
O CpaBHeHWe NnnoobpasHoro curHana ¢ 06pasLoBbIM

3. YkaxuTe nornyeckyro (yHKLMIO, BbIPAXaWoLLYy0 PaBEHCTBO FX
pa3psA0B ABOMYHbIX YMCEN.

Oy=ab+ab Oy=ajb; Oy=aj+bhj O y=ajbj+ajbj

4. YKaXute, K KakoMy TMRy LUndpoBbIX YCTPOUCTB OTHOCSAT
KoMMapaTopbI?

O K nocrnenoBaTefibHOCTHbLIM
o K koMbUHALUMOHHbIM

5. YKaXuTe 4YMC/NO  aKTUBHbIX  JIOTMYECKMX  CUTHaJoB,
bopMMpYIOLIMXCA  Ha  BbIXOAE  KOMMapaTopa NpuM  CpaBHEHUM
MHOropa3spsHbIX ABOUYHbIX YMCEN.

©  Yucno aKTUBHBIX BbIXOAHbBIX CUrHANOB PaBHO YMCIY Pa3psaoB

CpaBHMBAEMbIX BUHAPHbIX Yncen.
o 4
O 2
O 1
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6. YkaxuTe, 4yeM ornpegensieTcd 4YUCNO BXOAOB LM(PPOBOro
KoMnapaTtopa?
O KoMnapaTtopbl Bcerga MMerT YeTbipe BXxoaa

O Yncno BxoaoB 3aBuCUT OT CTE€neHn AeKOoMMNo3nunm
CpaBHMBaOWeEro YycrponcrBa W paBHO 4YuUCiy 3JIEMEHTOB
CpaBHEHUA OAHOPAa3pPAAHbIX C/10B

O  Yucno Bxoaos onpegensieTcsl paspsaHOCTbIO CpaBHMBAEMbIX
HGUHapHbIX Yncen
7. YKaXuTe, MOXXHO N NOCTPOUTb YCTPONCTBO CpaBHEHUSI TpebyemMon
pa3psAHOCTM, WCMOMb3ys UMGPOBbIE KOMMApaTopbl C  OrpaHWYEHHOW
pa3psaHOCTLIO (HanpuMep, YeTbipéxpaspsaaHble)?
Olla OHet

JlabopaTtopHas pa6ota 5 (Lr32)
TPUITEPBI
LLEJ1b PABOTbI

O3HakoMneHMe C OCHOBHbIMM  XapaKTepPUCTMKaMM WU UCMbITaHue
WHTerpasnbHbIX Tpurrepos RS, D, Tw JK.

TEOPETUYECKWUE CBEAEHWUA U PACYETHBIE ®OPMY/1bl

Tpurrep — 3TO YCTPOWCTBO MOC/EA0BATENIbHOCTHOrO TUMA C ABYMS
YCTOMUYMBBLIMU COCTOSIHUSIMU paBHOBECUS, NMPeAHa3HadYeHHoe ANs 3anncu u
XpaHeHVs WHdOopMaumu. o OEUCTBMEM BXOAHBLIX CUMHANOB TpuUITep
MOXET MepPEKIYaTbCA U3 OJHOr0 YCTOMYMBOrO COCTOSiHUS B apyroe. lMpu
3TOM HanpsHPKeHWe Ha ero BbIXo4e CKAaYKoObpasHO M3MEHSIETCS C HU3KOro
YPOBHSI Ha BbICOKMA MM HAob0pOT.

Mo cnocoby 3anucn mHpopMaumn Tpurrepbl AENSAT HA dCHMHXPOHHBIE,
KOTOpble MNepek/tovaloTcsl B MOMEHT nojayM BXOAHOrO CurHana, u
CUHXPOHHbIE (TAKTUPYEMbIE), KOTOpble MNepeKkI4valoTCca TONMbKO MNpwu
nogaye CUHXPOHU3UPYIOLWMX UMMY/IbCOB, @ MOMEHT MepeKItoyYeHns CBA3aH
C onpeaenéHHbIM YPOBHEM CUMHXpOCUrHana (crarmyeckme Tpurrepbl) nnm c
MOMEHTOM repenaja HanpshkeHUst Ha TakTUpyeMoM Bxoae (guHammyeckue
Tpurrepsol).

Kak mpaBuno, Tpurrep UMeET ABa BbiXoAa: npaMoit Q v MHBEPCHbIN Q .

Yncno BXoAoB 3aBUCUT OT CTPYKTYPbl U YHKLMI, BbINOJTHSIEMbIX TPUITEPOM.
HanpuMmep, acuHXpoHHble RSTpurrepbl WMeKOT [Ba BXOo4a: BXo4 S
YCTQHOBKWN B E€4MHMNYHOE COCTOSIHWE NPSIMOro Bbixoda @ 1 BXoA R YCTAHOBKM
B Hy/IEBOE COCTOsIHNE Bbixoaa @. CMHXPOHHbIE TpUrrepbl Ans 3aHECEHUS B
HUX MHOpMaUMM, NOMUMO MHPOPMaUMOHHBLIX BXxoaos S (J) n R (K), umerot
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CUHXPOHM3UPYOWMA C UNN CYETHBLIM 7 BXOA4, @ TPUITEpbl 3a4EPXKKU —
NHOPMaLMOHHbBIN BXxoa, D.

Hanbonbluee pacnpocTpaHeHWe B UMPPOBLIX YCTPOMCTBAX MONy4YMnn
Tpurrepol RS, D, Tw JK.

1. ACMHXPOHHbIA U CUHXPOHHbIA RS-TPUITEPDI

MpocTenMwnM TpUITEPOM SIBNSIETCS ACUHXPOHHbIM RSTpUITEp, YC/IOBHOE
rpaduyeckoe msobpaxkeHne KOTOpOro npeactaBneHo Ha puc. 32.1, g, a
NpUHUMN ero paboTbl MOSICHAETCS Tabnuuen uctuHHocTM (Tabn. 32.1).
Tpurrep nMeeT ABa pasfesibHbIX MHPOPMAUMOHHBIX Bxoda: R U S 1 aBa
BbixoZla: Q M Q. He3aBucMbIM aBnsSieTcs oanH (MpsaMoi) Bbixod @, Tak Kak
MHBEPCHbIN curHan Q MOXHO MOJTyYUTb C MOMOLLbIO BHELLHEO MHBEPTOPA.

PaccMoTpuMm Tabn. 32.1. O6o3HauMM @ curHan Ha Bbixoge Tpurrepa Ao
NOCTynneHnsa curHasa 1 Ha ero BxoA S. INpu nogaye curHanoB S=1un R =
0 Tpurrep nepexoauTt B coctosiHne Q! = 1. Mpun nocTynneHun curHanos R
=1wm S = 0 Ha BbIxofe ycTtaHaBnuBaetcs Q! = 0. MNpu oTcyTCTBUM
HOBbIX KOMaH COCTOSHWE Tpurrepa He W3MEeHSIeTCA: TpUrrep COXpaHseT
MHGOPMaUMIO O MOCNeaHeNn M3 MOCTYNUBLLUMX KOMaHA. EctecTtBeHHO, 4TO
KOMbMHauusa curHanos  S=1u R = 1 OTHOCMTCS K 3anpeLéHHbIM, TaK Kak
npu e€ nojaye Ha BXoAbl TpUrrepa Ha ero Bbixoae Q! ycTtaHaBnMBaeTcs
nmbo 1, nméo 0.
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Tabnuya 32.1

S R :2t+1
s A A0, 0 0 Q'
o A
A R YA
Qr ererre B [ 1 0 1
Z,B)V/A.._,t T
Q Puc. 32.1 1 1 -

Ha ocHoBaHunM Tabn. 32.1 3anuweM aHanuTUYeCcKoe BblpaXeHue
(PYHKUMOHNPOBaHUSA RS-Tpurrepa:

Qt+1 =S+ Qt ﬁ

Ha puc. 32.1, B nsobpaxxeHa BpeMeHHas AnarpaMma, WIoCTpUpYroLLas
ero paboty. B MOMeHT, Korga nodaércs curHan S = 1, Tpurrep nepexoauT B
coctosiHne @ = 1. lNpn OTCYTCTBUM BXOAHbLIX CUrHaNOB COCTOSIHME Tpurrepa
He U3MEHSETCd, a B MOMEHT Mofaym curHana R = 1 Tpurrep nepekiodaeTcs
B coctosiHme Q@ = 0, B KOTOpPOM npebbiBaeT A0 MOCTYMN/EHUS HOBOro
€aVHUYHOIro CUrHana Ha S-BXOA.

RSTpUrrep MOXeT ObITb MNOCTPOEH Ha  Pas3IMYHbIX  JTIOrMYECKNX
aneMeHTax. Ha puc. 31.1, 6 nokasaHa cxemMa peanu3aumm RS-Tpurrepa Ha
6a3oBbix 3nemMeHTax W-HE, B KOTOpOW MCNOMb30BaHa MOJIOXUTENbHAN
obpatHasa cBa3b ([MOC) C BbIXOAOB Tpurrepa Ha BXOAbl JIOMMYECKUX
aneMeHToB. WMMeHHO Hanuume T1OC oTnnyaetr Tpurrep OT  paHee
PacCMOTPEHHbIX KOMOWHALMOHHBIX JIOFTMYECKUX YCTPOWCTB: MOCPEACTBOM
curHanos MOC B Tpurrepe uUKCMpyeTcs ero NpeawecTsyowee COCTOsIHUE.

ACVHXPOHHBIN RS-TpUrrep MOXHO Npeobpa3oBaTb B CHHXPOHHBIV, €CIN
nobaBUTb TPETUMM  CUMHXpOHM3Mpylowmn Bxoa C  (puc. 32.1, 1),
COEOVMHEHHbIW, HanpuMep, C HWKHUMKM, NpeaBapuTENIbHO Pa3aeNéHHbIMMU,
BXO4aMu ABYX neBblX aneMeHToB U-HE (cM. puc. 32.1, 6).

Bxog C obecneumBaeT PyHKUMOHMPOBaHUE RS-Tpurrepa rno 3aKoHy

Qt+ =Qt(C +R) +CS.

[epeknoyeHne CUHXpPOHHOro RSTpurrepa B coctosiHme Q@ = 1
npoucxogutT npu S = 1 (unm B coctosiHe @ = 0 Nnpn R = 1) B MOMEHT
npuxogda cuHxpoumnynoca C lMpu C = 0 nHdopMauus ¢ S 1 R-BXOAOB Ha
TpuUrrep He nepenaeTcs.

2. -TPUITEP
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Tpurrep Co cyeTHbIM 3anyckoMm (7-7purrep) [OMKEH nepektovaTbCs
KaXXablM MMIyNIbCOM, NMOAABAEMbIM HAa €AMHCTBEHHbIN CYETHBLIM BXoA 7 (pwcC.
32.2, ). DyHKUMOHMPOBaHWE 7-Tpurrepa onpenenseTcs ypaBHeHNeM

Qi1 =QtT +Q!T.

OH MOXeT 6bITb peann3oBaH, HanpuMep, Ha 6ase ABYX CUHXPOHHbIX RS
TpurrepoB (puc. 32.2, 6). C nosieneHneM (poHTa TaKTOBOro WMMMy/bCa
TpUrrep 71 NEpBOM  CTYMEHM  MEPEK/IIOYAEeTC B COCTOSIHME,
NPOTUBOMNONIOXHOE COCTOSAHUIO TpUrrepa 72. HO 3TO He Bbi3biBaeT U3MeHe-
HME CUrHanoB Ha Bbixogax Q M Q , Tak Kak 3a CYET MHBEpPTOpa Ha

TaKToBbIN BXxoA C Tpurrepa 7; B AaHHbIN MOMEHT nogaH norndeckun O.
TONbKO Ha Ccpe3e CYETHOro MMMNynbca Ha BXoAe 71 NEPEKNIOYUTCS TpUrrep
7> VN Npon3oNAET U3MEHEHME CUITHANOB Ha BbIxoaax Qu Q, a Takke Ha &

N R-BXoJax NepBOM CTYNEHMU.

p Tt? LS T 1|7
- _ T C T
T (R e R )| o

a) )
6)
Puc. 32.2 '
3. D-TPUITEP

Tpurrep 3agepxkun (O-1purrep) MOXET 6bITb TONIbKO CUMHXPOHHbLIM, Tak
Kak MMeeT OAWH WH(OPMAUMOHHBLIN [-BX0A, MHMOpMauusi C KOTOpOro
NnepenncbiBaeTCsl Ha BbIXOA Tpurrepa TOMIbKO MO TaKTOBOMY CUrHany,
nogaBaeMoOMy Ha (-BxoA. YcnoBHoe wu3obpaxkeHune [D-Tpurrepa
npuBefeHo Ha puc. 32.3, a. Peanu3oBaTb ero MOXHO Ha pasfNYHbIX
NIOrMYECKUX 3M1IEMEHTAx, B TOM 4MCNe, HA OCHOBE CUHXPOHHOrO RS-Tpwr-
repa, AOMOMHEHHOro nHeepTopoM (puc. 32.3, 6). W3 aHanuza Tabn. 32.2
nepekoYaTenisHoN GyHKUnM D-Tpurrepa

Qpr]_ =C_:tQt+CtQt
cnegyet, 4Tto npwu OTCyTCTBUM cuHXpoumnynbca (C = 0) cocTosiHue
Tpurrepa OCTaeTcs HeumsMeHHbIM. [lpu ycnosun xe C = 1 Tpurrep
nepeaaeT Ha BbIXOA4 CUrHas, MOCTYNMBLUMMA Ha ero Bxoa D B npeablayLliem
TakTe, T. €. BbIXOAHOM curHan Q! U3MEHSETCS C 334EDXKOM Ha OaWH

Tabnannuya 32.2

a)d)D —D Ct Dt Qt Qt+1
c £ 0| 0|0 o
c \m o m 7, . o | o | 1| 1
6) D /|<—>' vz A . o |1 0] o
W PN /A
b AN
9 | Puc. 32.3 T T o o o
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nepvoa UMMynbCOB CUHXPOHU3ALNN,

N3 aHanusa BpeMeHHOW amarpammbl D-Tpurrepa (puc. 32.3, B) Takxe
cnepyeT, YTo BbIXOAHOMW CUrHan Q Tpurrepa NoBTOPSIET COCTOSHME D-BX0Aa
C MOCTYM/IEHMEM OYEPEAHOro TaKTOBOro MMMNynbca Ha Bxoa C C 3a4epXXKOK
t; OTHOCUTENIbHO CMEHMBLLIErOCS JIOFMYECKOro COCTOsIHUSA Ha D-Bxoge.

4. JK-TPUITEP
JK-Tpurrepbl 06bIMHO BbINOMHAOT TaKTUPYEMbIMW. JK-Tpurrep nMmeet
MH@OpMaLMOHHbIE BxoAbl J U K, KOTOpble MO CBOEMY BO3AENCTBUIO Ha
YCTPOMCTBO aHaNorn4yHbl BXxoaaM S R CUHXPOHHOro RS-Tpurrepa: npu J =
1 m K= 0 Tpurrep No TaKTOBOMY uMMynbcy C YyCTaHaBIMBaEeTCa B
coctosHne @ = 1; npn J= 0 n K= 1 — nepekno4aeTca B COCTOAHNE Q =
0, anpn J=0u K= 0 — XpaHUT paHee NPUHATYIO NHDOPMaLMIO.

Tabnunuya 32.3
P t t t tl

T T J K Q' Q
0 0 0 0

T

P ,
g if
0 1
5 o
0 1 0 0

T J
c|T ct<c| T 1|1 | o |1
£ — Kk Q —K

o R

O
B
o

o O
B3
< 0=
_‘
3\
~
lu
0=
—'
8\ I
=
(9}
ires
®
T
=

0

Puc. 32.4 1 1 1 0

B oTnnumne OoT CMHXPOHHOro RS-TpuUrrepa O4HOBPEMEHHOE MPUCYTCTBUE
NOMMYECKUX eauMHUL, Ha MHQOPMaLMOHHbIX BXoAax He saBnsetcsa ansg JK-
Tpurrepa 3anpelleHHoON KombuHauuwen; npu J = 1 n K = 1 Tpurrep
paboTaeT B CYETHOM pexuMme, T. €. MepeKtovaeTCs KaxAblM TaKTOBbIM
UMNynbcom Ha Bxoge C.

Ha puc. 32.4, a nsobpaxeHa ogHa 13 (yHKUMOHANBHbBIX CXeM JK-Tpwr-
repa. OHa oT/MyaeTcs OT cxembl 7-Tpurrepa (cM. puc. 32.2, 6) OByMS
TPEXBXOAOBbIMK 3nemMeHTamMn W-HE 31 u 32 BXOAHOM NOrMMKU MNEpPBOM
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cTynenn JK-Tpurrepa. [epekntoyatowmin exoa C — avHamudeckui (puc.
32.4, 6): nepekntodeHne JK-Tpurrepa MpoUCXOAUT B MOMEHT repenaja
CUHXpouMnynbca € ypoBHa C= 1 Ha ypoBeHb C= 0, T. e. npu cpese.

MNpn J =0 un K= 0 Ha BbIxoae anemMeHToB 31 n 32 yCcTaHaB/IMBaKOTCA
NIOrMyeckme eauHuLbl, KOTopble AN TPUrrepos C WHBEPCHbIMW BXO4AMMU
ABNAKOTCA MNACCMBHbIMW CUTHanamu: Tpurrep 7. W, cneposaTenbHo, JK-
TpUrrep B LEIOM COXPaHSIOT npexHee coctosiHve (CM. puc. 32.4, a).
Jlornyeckaa 1 Ha ogHOM M3 BXoaoB anemeHTa W-HE He onpepensdet 1 Ha
ero BbIxoge v KoMbumHaums J = 1, K = 1 HUKaK He BNUSIET Ha BXOAHYIO
NOrNKY MEpPBOM CTYMEHW, MO3TOMY CXeMbl 7- U JK-TpurrepoB (CM. puC.
32.2, 6 v puc. 32.4, @) NpyHUMNKNANBHO He OoTnn4yaoTcsa: oba paboTtaloT B
CYETHOM pexunMme.

Tonbko npu KoMbuHaumm curHanoB J =1, C=1 n Q = 1 Ha BXxoae
anemMeHTa 31 Tpurrep 71 NEpexknounTCcsa B cocTtodHne P = 1. AHanornyHo
nornyeckmn 0 6yaeT Ha Bbixoae aneMeHTa 2, korpa K=1, C=1n Q= 1.

Taknm o6paszoMm, koMbuHauma J = 1, K = 0 obycnaBnumBaeT no
TakToBOMY uMnynbcy C = 1 nepeknoyveHne JK-Tpurrepa B LENOM B
coctosiHne Q = 1, a koMbuHauma J= 0, K= 1 — B cocTtosiHne Q = 0.

N3 aHanuza Tabn. 32.3 nepeknovaTenbHOM GyHKUMN JK-TpUrrepa

1 _ KtQt 4 Jt(jt
cnefyeT, 4YTO COCTOSIHWE Tpurrepa onpeaenseTrcs He TOMbKO YPOBHAMM
CUrHaNoB Ha WMH@OPMaLMOHHbLIX Bxoaax J un K, HO u coctosiHeMm (&, B
KOTOpPOM paHee Haxoauncs JK-tpurrep. Tak, npu kombuHaumm J= 0, K =
0 Tpurrep coxpaHsieT npeabigyliee coctosHe (Qt+ =Qt); KoMbuHaumsa J

= 1, K = 1 npuBoAUT K TOMY, 4YTO TaAKTOBbIM WMMYNbCOM TpUrrep
nepeknio4aeTcd B COCTOSIHME, MpPOTMBOMOJSIOXHOE  MNpeablayLlemy:
Qt+ =Qt. KoMbuHauum J=1, K=0un J= 0, K= = 1 patoT pa3peLleHne
TpUrrepy nepeksitounTbLCA COOTBETCTBEHHO B COCTOSAHUA Q=1nQ=0.

Ha ocHoBe JK-Tpurrepa (puc. 32.4, 6) Moryt ObiTb BbINOSHEHDI
CUHXPOHHBIA (puc. 32.4, B) 1 acMHXpOHHbIN (puc. 32.4, r) T-Tpwrrepsl, D-
Tpurrep (puc. 32.4, 4) U CUHXPOHHbIN RS-Tpurrep (puc. 32.4, e).

Mpy NpoOEKTUPOBaHUM  CNOXHBIX JIOrMYECKUX CxeM (MUKPOCXEM)
HeobXoAMMbl TpUrrepbl PasfiMYHbIX TUMOB, KOTOPble MOXHO 6blno Obl
BbINOSIHUTbL HA OCHOBE OAHOr0 YHMBEPCAsIbHOro TpUrrepa M UCMNosib30BaTb
€ro B pa3HblXx pexumax paboTbl M MoauduKaumsx. B mHTerpanbHoOM
CXEMOTEXHMKE Haubosnbluee pacnpocTpaHeHue nonyuunn 0D un  JK-
Tpurrepei.

YYEBHbIE 3AAAHUA N METOAUYECKUE YKASAHUA
K UX BbINMOJIHEHUIO
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3apaHue 1. 3anycTuTtb abopaTopHbIn komnnekc Labworks u cpeay
MS10 (WENKHYB MbIWbD HAa KOMaHAe JDKCMEepPUMEHT MEHI0 KOMMJeKca
Labworks). OTkpbITb daiin 32.5.ms10, pa3mewénHbin B nanke Circuit
Design Suite 10.0 cpeabl MS10, nnn cobpaTtb Ha paboyem none cpeapl
MS10 cxeMy AN UCNbITaHUA dcMHXPOHHOro RS-tpurrepa (puc. 32.5) wn
YCTaHOBUTb B [MANIOrOBbIX OKHAax KOMMOHEHTOB WX MapaMeTpbl Wn
pexxuMbl paboTel. CkonupoBaTb cxeMy (puc. 32.5) Ha CcTpaHuuy OTYéTa.

CxeMa (puc. 32.5) cobpaHa Ha 4YeTbIpEX nornyeckux anemeHTtax W-HE
(NAND). Ha Bxogbl Sn R anemeHToB NAND1 1 NAND2 yepes ktoun 1 #
2 NopatoTCs norudeckme curHanbl 1 unm 0 OT UCTOYHMKA MPSMOYIOSIbHbIX
umMnynscoB E1 ¢ amnautyzon 5 B. K BbixogaM Qu Q anemeHtoB NAND3 1

NAND4, T. e. K BbIx0O4aM Tpurrepa, Kak u K ero BxodaMm Swv R, NOAKOYEHbI
NpobHunkn X1, X2, X3 1 X4 c noporoebiM HanpshkeHnem 5 B.

Bocnonb3oBaBLUMCH NOPSIAKOM 3acBeYNBaHMUSA Pa3HOLBETHbIX
npobHukoB n 3apaBas koAbl (00, 01, 10) cocrtosHus ke 1 um 2
(BXOAHbIX CUrHanoB), COCTaBUTb Tabnuuy WCTUHHOCTU RS-Tpurrepa.
Hanpumep, cchopMmpoBaB € MOMOLLbIO KtoUen curHanbl S=1mn R=0wu
NoAaB MX HA BXOJ, TPUrrepa, NosiyunTe Ha ero Buixoae curHansl Q= 1u Q
= 0 (cM. puc. 32.5). Ybeantecb, 4To Npun 3anpeluéHHom koge 11 BXOAHbIX
CUrHaNoOB, Ha BbIxoAe RS-Tpurrepa MOryT 3acBeTuTbCcs oba npobHuka, nnm
oba He cBeTATCS.
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NAND4 X4 |5 v

NAND2
X2 £ |
I-rl £ —
T 5 vJ | a
1 R

GND Key=2
- Puc. 32.5

3agaHue 2. MoaknwuMTb K BXOA4aM Tpurrepa JIOrMYeCcKui
reHepaTtop (reHepatop crnosa) XWG1 (puc. 32.6), 3anporpaMMmMpoBaB €ro
nepeble Tpu s4yenkn kogamm 00, 10 n 01 n coeaMHuB BXOAbl M BbIXOAbI

Tpurrepa ¢ BXogaMu s10rm4yeckoro aHanusatopa XLA2.
NGl

_ _ XLAZ
T3 - |
T o NAND1 =
T T L NAND3 ] T
1= - £ —H I
—— G £ —
J - O — —]
e o | RS5-mpuzzep -
J T —
— e —
— Ot —
T I NANDZ _"Mm ]
— — - £ F
T8 o - caorT
31 15 [T 1
T R Z :
@ @ |[K{v | [ | L
| | a |_
TRE -|
a |z | |
n
bi|* 4|—| | |—
Puc. 32.6

Bxod 00 10 01 00 10

B ananoroBom okHe reHepatopa cnosa XWG1 3apartb vactoty /= 10
KW 1 ABa uMkna MoaenuposaHust curHanos (B pexume Burst), a B OkHe
aHanusaTtopa XLA2 — vactoty /2= 0,1 MIu TaiMepa, ypoBEHb BbICOKOIrO
HanpsbxeHun Un = 5 B, uucno mmnynbcoB Clocks/div = 8 Tanmepa,
NPUXOASALLMXCSH Ha OAHO AeNneHue.

Monyuntb Ha 3KpaHe aHanu3atopa XLA2 BpeMeHHyl anarpammy
coctosiHun RS Tpurrepa (cMm. puc. 32.6, BHM3Y). CkonMpoBaTb CXeMy
NCMNbITaHUSA N BPEMEHHYIO AMarpaMMy COCTOSIHMSA RS-TpuUrrepa Ha CTpaHuuy
OTYéTa.

3apgaHue 3. OTkpbITb dann 32.7.ms10, pa3MeléHHbIM B nanke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyem none
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cpeabl MS10 cxemy gna ucnoitauma mpurrepos JK, T n D (puc. 32.7) u
YCTaHOBUTb B [MANIOrOBbIX OKHAax KOMMOHEHTOB WX MapaMeTpbl Wn
pexumbl paboTbl. CkonupoBaTb cxeMy (puc. 32.7) Ha CTpaHuULy OTYETa.

2]

3

LE o0vs5vV

VYCC E1 0.25usec 2usec
W1 W
AN %]

1

n

Prr

[TTT
W
g
>

UL

|I l l I’TTF

pereETeEY PREPEPEP o

o bobbosbs bbobbibh
s

-
-
Tl

S T Y
W
=
G
'—l
=)
kn

.
-

R e
W
=
G
'—l
=)
kn
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Puc.32.7

B cxemy (puc. 32.7) BkiodeHbl: reHepatop XWG1 (yactota /- = 500
kKl'y); nornyeckun aHanm3atop XLA1l; Tpurrepbl B WHTErpasibHOM
ncnonHeHum: yHmepcanbHbin JK, cuétHbii T n 3apepxkkn D.

Ha ICLR - 1 1PK-BXOAbl TPUITEPOB MOAAETCH MOCTOSIHHOE HanpshXeHue

5 B (nmutnpyrowee curHan 1) ucrouHmnka VCC, a Ha 1C-Bxoabl TpUrrepos
n Ha Bxog 20 aHanmzatopa XLA1l noCTynalOT TaKTOBble MMIMYSbCbl C
amnautyaor 5 B 1 yactoTton 500 k', cchopMMpOBaHHbIE FEHEPATOPOM
E1l.

C BbixogoB 1 n 2 reHepatopa XWG1 curHanbl nogalTcsa Ha
ynpasnsawowme exoabl 13 n 1K JK-Tpurrepa, ¢ Bbixoga 3 — Ha Bxog 1D 7-
Tpurrepa, a € Bbixoda 4 — Ha Bxoa 1D [D-tpurrepa.

Ans ¢opMupoBaHMa BbIXOAHbIX CUrHanoB reHepatop XWG1 HyXHO
3anporpaMMmpoBaTb, T. €. BBECTM B SYENKM NaMSATU KOAOBblE
KOMOUHaLUMM 13 eaMHUL, U HyNel cornacHo BapyaHTy (Tabn. 32.4).

B KkadectBe npumepa BBeAEM B repBble BOCEMb S4YeeKk MaMATU
reHepaTopa YeTblpexpaspsiaHble KogoBble KoMbuHauun (cM. puc. 32.8, a):

0000, 0101, 1010, 1111, 1001, 1001, 1111, 1100.
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MNpn MoAenMpoBaHUM reHepaTop MocneaoBaTeNbHO WM UMKIIMYHO
BbIBOAUT COAEPXUMOE Kaxaon sauYerkn namsatn (0T  HadanbHOM Ao
KOHEYHOM) Ha Bbixoabl 1, 2, 3 n 4, hopMupys Ha HUX Cnedylowme Koabl
curHanos: 01011110, 00110010, 01010011 »n 00111111 (cM. curHanbl Ha
KaHanax 1, 2, 3 n 4 norndeckoro aHannsatopa XLA1 (puc. 32.8, 6)). MNepen
MOAENNPOBAHMEM BblgenuTe B okHe reHepatopa XWG1 syeliky C agpecom
0 Hayana c4yéTa 1 BbIBOAA CUrHANOB.

Tabnunuya 324

BapuaHT Coaepxnmoe a4yeek NamaATn reHepaTopa C/10Ba
XWG1

1, 6,11, 16,21, | 0000, 1010, 1111, 1001, 1001, 1101, 1100, 0000
26

2,7,12,17,22, | 0000, 1100, 1010, 1011, 1001, 1111, 1110, 0000
27

3, 8,13, 18, 23, | 0000, 1010, 1011, 1001, 1001, 1111, 1101, 0000
28

4,9, 14, 19, 24, | 0000, 1111, 1101, 1001, 1011, 1011, 1100, 0000
29

5, 10, 15, 20, 25, | 0000, 1011, 1101, 1001, 1100, 1111, 1010, 0000
30
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MpoBecTn MoaenvpoBaHWe paboTbl TpUITepoB B pexumax Step wnu
Burst reHepatopa XWG1, ckonupoBaTb B OTYET BpEMEHHblE
AMarpaMMbl, COCTaBMTb W 3anOJIHUTb Tabnuubl MCTMHHOCTU pPaboTbl
Tpurrepos JK, T u D npu 3agaHHOM B Tabn. 32.4 BapuaHTe BXOAHbIX
KOZOBbIX KOMBMHaUUN. B 4acTHOCTM, onmMcaTb COCTOSHUS JK-Tpurrepa C
NPMXOA0M TaKTOBOro curHana C =1, korga curHanel J=1n K=1,a Q =
Ovm Q= 1.

NMpuMeuaHue. Tabnuubl UCTUHHOCTN  AN4 PaCCMOTPEHHbIX
BUBANOTEUHBIX TPUITEPOB MOXHO BbI3BaTb HaXXaTWEM KAaBWLIM MOMOLLU
F1 nocne BblgeneHna Ha cxeme Tpurrepa.

COOEPXAHUE OTUYETA

1. HauMeHoBaHue 1 uenb paboThl.

2. MNepeyeHb NpnbOpPOB, MCNOSIb30BAHHBLIX B 3KCMEPUMEHTAX, C UX KpaT-
KUMKW XapaKTepUCTUKAMM.

3. N306paXkeHns 3neKTpuyeckux cxeMm Ans UcnblTaHus Tpurrepos RS,
JK, Tw D c noMowbio /IOrMyecknx NpobHUKOB M NOrMYecKoro aHannsaTtopa
XLA1.

4. Konuu BpeMeHHblX auvarpaMMm W Tabnuvubl  UCTUHHOCTH,
oTobpaxatowme paboTy uccnegyemblx TpUrrepoBs.

5. BbiBoAbl Mo paborTe.

TECTOBbIE 3AAAHUA K PABOTE 5 (Lr32)
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1. YKaxuTe, kakass KOMGMHaLMUA NTOrMYEeCKUX CUrHaNoB SIBNSIETCS
3anpeLwéHHON AN aCMHXPOHHOro RS-Tpurrepa?

o01 011 010 ©00
2. YKaxkute ycnosHoe rpacdunueckoe o6o3HaueHume:

T 1|7 TP T "l
CcC < T R ) R R KK o
a)o 6)

8) 2)

1. JK-tpurrepa: O a) o 6) O B) o I
2. RS-tpurrepa: O a) o 6) O B) o I
3. YkaxuTte ycsoBHoe rpacdpuyeckoe o6o3HaueHue:

S 4 T J 1 J
T T
—iC TQ c—4cC B T—4cC B
® -k K 1 K

a) 6) 8)
J D J
1CT c ic| T PlT -
¢kl & E.K 2) T |R
2) 9) ¢

1. CuHxporHHOro T-Tpurrepa, BbiMO/IHEHHOIO Ha OCHOBE JK-Tpurrepa:

a) 6) 8) 2) 0) e)
o) o) o) o) o) o}

2. D-Tpurrepa, Bblo/IHEHHOIo Ha ocHoBe JK-Tpurrepa.

a) 6) 8) 2) 0) e)
o) o) o) o) o) o}

4. YKaXxuTe, HaWAM NU LWKWPOKOE MPUMEHEHME ACUHXPOHHble [-
Tpurrepbl?
Ofa OHert

5. YkaxuTe, Kak (PyHKLMOHMUpPYET JA-Tpurrep npu KombmHaumm J = 1,
K = 1 Ha BXxoae?

O Tpurrep HaxoaAuTCs B pexuMe XpaHeHus
O Tpurrep paboTaeT B CHETHOM pexume
O Takass KOMBbWHALMA CUrHANoOB Ha BXoAe SBNSIETCS

3anpeLéHHON
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6. Ykaxxute BpeMsl 3ana3ablBaHUS BbIXOAHOMO CUMIHaMA MO OTHOLLEHWUIO
K MOMEHTY mnodayu Ha C-BXxoAa D-Tpurrepa CMHXPOUMIMYNbCa MpU TaKTOBOW

yactote f= 10 kl'y (D=1, Q= 0).

olc 00,1c 010 mMc 00,1 Mc

7. YKaxuTe 3HayeHWe CUrHasia Ha BbIxogae JK-Tpurrepa npu
KOMbuHaumm J = 1, K= 0 Ha Bxoae n Q = 1 nocne oKOHYaHWUS AENCTBUSA

CUHXpOMMIYJbCa.
o0 ol oHeonpeaenéHHoctb: 0 unun 1
8. Ykaxkute aHanuMTUYECKoe BblpaXkeHue, onucbisatowee paborTy:
d) Q1 =QtT +QtT; 6) Qt1=S+Q!R;
B) Q"' =CtQt+C!Qt; /) Qu1=K!Qt+J'Qt,
1. RS-tpurrepa: o a) O 6) O B) o I
2. JK- tpyrrepa: O Q) 0 6) O B) o I
3. T-Tpurrepa: O a) O 6) O B) o I
4. D-tpurrepa: O a) 00) O B) o I

9. VYKaxuTe, 4YeM OT/MYaeTcs AVHaMuyeckoe ynpasreHue
TpUrrepamMm OT CTAaTUYECKOro YrpaB/ieHUs :

O [puHuMnnanbHbIX OT/IMYUA HET: CUrHasbl, NOCTynarolMeE Ha
MHQbOpMaLI,VIOHHbIe BXOAbl  BCEX MOD,VICDMKaU,MM TPUIrepos,
AENCTBYIOT B MOMEHT UX MOCTYMJ1IEHNA

O Y TpUrrepos C AMHAMUYECKMM YrpPaB/IEHWEM CUrHasbl Ha
MHMOPMALIMOHHBIX BXOAaxX AO/MKHbI OCTaBaTbCHd HEUM3MEHHBLIMU Ha
BCEM MHTEpBasne AeNCTBMSA aKTUBHOIO IOrMYECKOro curHana
CUHXpoHM3aummn (C= 1)

o [lpM AnHaMM4yeckoMm YynpasfeHUn 3anoMMHaHME CUrHasoB,
OEACTBYIOLUMX  Ha  MHQOPMAUMOHHBIX  BXOAaxX  TpuUITepa,
NPONCXOANUT B MOMEHT M3MEHEHWUSI 3HAYEHUSI CUrHana Ha BXOAE
CUHXPOHM3aLMM
O Y TpurrepoB C AWHAMUYECKUM YrpaB/ieHUEM OTCYTCTBYIOT
npsiMble UM WHBEPCHbIE BXOAbl, pearnpyrolmne Ha nepenaasbl
CUIrHaNoOB Ha BXOAaxX

10. YKaXuTe YPOBHM HAmMNpPSHKEHUS WHTErpasbHbIX MUKPOCXEM
TpurrepoB cepum TTJ1, npuHMMaemble 3a norudeckyto 1 n normyeckmn 0

npy HanpskeHun nutanuma U, = 5 B.
024B< ! <5B;, 0<<04B 040B< ! <5B; 0<f<248B

035B< (! <5B; 0<(”P<0,2B 024B< (#<5B; 0<(f<148B
11. YKaxxuTe, K KaKOMy TUMY TPUITEPOB OTHOCAT 7-TpuUrrepsbl?
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K aCMHXPOHHbIM
O
O K CMHXPOHHbIM

JlabopaTopHas pa6borta 6 (Lr 33)
PEFNCTPbI
LLEJ1Ib PABOTbI

O3HaKOM/NIEHNE C YCTPOMCTBOM U (DYHKLIMOHUPOBAHUEM PEFMUCTPOB U
PEMMCTPOBOM  MaMATW;  WUCMbITAHWE  WMHTErpanbHOrO0  YHMBEPCANbHOro
perncTpa casura.

TEOPETUYECKWUE CBEAEHWUA U PACYETHBIE ®OPMY/1bl

1. KNTIACCUOUKALIUA PETUCTPOB

Peructp — 3TO NocneaoBaTe/lbHOCTHOE YCTPOMCTBO, NpeAHa3HayeHHoe
NS 3anncn, XpaHeHus u (unn) casura nHgopmaumm, Kotopas rnocTynaeT u
XPaHUTCS B perncrtpe B Buae /-paspsaHbiX ABOUYHBLIX 4dncen. B obuem
C/lydae perncTp MOXeT BblaaBaTb MHMOPMaLMIO B NOCNEA0BATENBLHON UK
napannensHon Gopme, r1peobpas3oBbiBaTe NPAMON KOA YMcia B 06paTHbIN
(koraa eanHuUUbl 3aMEeHSIKOTCA HYIIMK, @ HYNW — eanMHMuaMKn), U HaobopoT,
a TaKXKe BbINOMHATL JIOTUYECKOE C/IOXKEHME N NOTMNYECKOE YMHOXEHME

ABOMYHbIX Yncen.

B 3aBucuMocT OT crnocoba BBOAA M BbIBOJQ PaspsoB  UKUCIa
Pa3/IMYAIOT PErUCTPbl NapanenbHble, NOCNeA0BaTE/bHbIE U MapanienbHo-
nocnefoBaTenbHble. B r1@pasiiesibHoM peructpe BBOJA M BbIBOJ BCEX
paspafoB  KOJIOBOrO  4UMC/A  OCYLUECTBNSIETCA  OJHOBPEMEHHO, B

[1OC/IE40BATE/ILHOM — —  pa3psfdbl  uYMCNa  BBOASTCS W BbIBOAATCS
NOCNeoBaTENbHO, @ B /1apa/l/Ie/IbHO-MOCIEAOBATEIbHOM PETNCTPE BBOA
yucna npousBOAMTCS B MapannenbHoM ¢opme, a BbiBOA — B

nocnenoBaTenbHOW, U HaobopoT. MNpeobpa3oBaHMe NapanienbLHOro Koaa B
nocnenoBaTesibHbiI M HA0BOPOT — O4YeHb aKTyanbHas 3ajaya, TaK Kak
nepegaya uudpoBoM  MHGOpMaUMM B CETAX Nepedayn  [AaHHbIX
OCYLLeCTBNSAeTCA B NocCnefoBaTeslbHOM Koge, a obpaboTka eé B
MMKPOMPOLIECCOPaX BbIYUCIUTESNbHBIX YCTPONCTB — B Napan/ie/ibHOM.

Permctp, B KOTOPOM MOXHO OCYLLECTBUTb CABWI YMCIQ, Ha3biBalOT
caBuraroiymm (COABUFOBbIM), TMPUYEM CABUAM MOXET OblTb MW B OfHY
CTOpPOHY (B CTOPOHY MNaALero paspsaa — Apsmoy (NpaBbli) ¢4BMIL, UNN B
CTOpPOHY CTapLuero paspsia — ob6partHbivi (NeBblN) G4Bur,
—bc | R v B 06e CTOPOHbl (peBepcHBHBLIVM  CABUIAIOLLMY
—to|—|% peructp). B 3TOM cMbicne nocneaoBaTeNbHbIA U
— " Q, L NapannenbHo-nocneaoBaTeNbHbI  PErMCTPbl  OTHOCAT K
CABUIOBbLIM.

— D_l Q|

1D
2 Qi —

n.
Puc.33.1
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OTeyecTBEHHas MPOMBbILWIEHHOCTb BbIMyCKaeT MHOrMe TUnbl PerncTpoB
B BMAe MUKpocxeM. B kayectBe npuMepa Ha puc. 33.1 npuBeneHo
n3obpaxkeHne JeTblpexpaspsiaHoro pernctpa (Mmkpocxema cepumn K155).
MNpn b = 0 pa3pagbl Yncna BBOAAT MOC/eAOBaTENIbHO B PerncTp yepes
BXOA4 Wi; cMHXpouMnynbCbl, nocTtynatowme Ha Bxod G, obecneumBaloT
COBUI BMpaBO pa3psdoB 4yucnia; pernctp paboTaeT kak casuralowmin. B
MuKpocxeme (cM. puc. 33.1) npeayCMOTPeEH TakxXe MnapanfefibHbii BBOA
BCEX pa3psifA0B uMcia No CMHXpoMMNynbCy Ha Bxoae G ¢ Bxodos D, ..., Da
npu 4 = 1. B gaHHOM cny4ae peructp paboTaeT Kak napannesnbHbIN.

Ecnn BbIBOAbI NocneaHero Tpurrepa CABUratowero permcrpa coeamHnTb
C BXOAaMW nNepBOro, TO MONYYAUTCS KO/IbLIEBOM PETUCTP CABWUra,
Ha3bIBAEMbIN KO/IbLIEBLIM CHETYMKOM. Ero KoadpduUMEHT nepecyéta paBeH
yncny paspagoB /7. eauMHMua, 3anMcaHHas B OAMH M3 paspsios,
NepuoanYeckn NoSIBASIETCA Ha BbIXOAE CHETUMKA MOCMEe TOro, Kak nponayT
/7 COBUTAIOLNX CUHXPOUMMYNbCOB.

2. MAPAJVJIEJIbHbIA PEFTUCTP HA RS- TPUITEPAX

Jliobon pernmcTtp CoCTOMT M3 CBSI3aHHbIX Mexay CObon TpUrrepoB C
OVNHAaMUYECKUM WU CTaTUYECKMM YMNpaBfieHMEM WU JIOrUYECKUX 3/1EMEHTOB,
NpuMyeM  KOMMYEeCTBO TPUITEpPOB pPaBHO  KOMMYECTBY  pa3psiqoB B
3anuceiBaeMoM uucne. CMHTE3 peructpa CBOAUTCA K BblIOOpy Tuna Tpur-
repoB u normnyeckmx anemeHtos N, HE, WJIN gna peanusauum 3aaaHHbIX
onepauui.

PaccmoTpuM paboTy napannenbHoro peructpa Ha RSTpurrepax (puc.
33.2). Beoa (3anuncb) uncna OCyLLeCTBNSETCA B ABa TakTa. Bo nsbexaHwe
OLIMBOYHOM 3anNnCKn YUCNA XiXo...X7 B MEPBOM TaKTe BCE TPUITEPbI perucTpa
obHynsoTCa. [Ansg 3Toro Ha wuHy "0" nogaetca normyeckuin 0. Bo BTopoM
Takte no curHany 1 Ha wwuHe "/7' ("MNpuémM") uyepes KOHBLIOHKTOPbI
OAHOBPEMEHHO 3amnuCbiBaeTCsl B COOTBETCTBYIOLME pa3psabl perncrpa
ABONYHOE YMCNO XiXo...Xn BbiBOA (CUMTBIBAHWE) YMCNa Vi)s...Vn B NPSIMOM
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Kooe npoucxoauT no curHany 1 Ha wwuHe "By', a B 0bpaTHOM — no
curHany 1 Ha wuHe "Bosp'.

O6beanHMB B OAHOM MUKPOCXEME HECKOMbKO PerucTpoB M AobaBuB Ha
Bxoge pewudpatop DCW, a Ha Bbixoge MynbTUniekcop MS, nonyyaroT
pervuctposyro (ceepxonepatvsHyro) rnamsrs (pyc. 33.3). Bxoabl D; yeTbIpéx
WM BOCbMW PErMCTPOB, Kak NpaBunio, 4-paspsaHblX, NOAKIOYAOT K obLien
BXOAHOW LUMHEe JaHHbIX DIN. Bxop 3arpy3kum TpebyemMoro perucrpa
BblbnpaeTca aewudpatopom 3anmcn DCW Ha OCHOBaHMM MOCTynaloLero
Ha ero BxoAd agpeca 3anucn WA, T. e. Koga HOMepa 3arpy»aemoro
perucTpa. 3anucb AaHHbIX, NPUCYTCTBYIOWNX Ha WnHe DIN, npoucxoauT B
MOMEHT MOCTYMN/NIEHUSA CUrHana paspelueHns 3annucn WE.

BbIXxoabl perMcTpoB MynbTUMIEKCOPOM MS MOAKIOYAOTCA K BbIXOAHOM
wuHe DOUT. Homep peructpa, C KOTOPOro MPOUCXOOUT  YTEHME,
onpepenseTcd nocpeacTBoM Koaa agpeca uteHus RA. PaspelueHue Bbigayum
AaHHbIX B WuHY DOUT npoucxoguT  no curHany RE. Tlockonbky

DIN - : L
> D [RGo ED RG; ‘—>DRGZ D [rRG;

R —OR >R >R L oR
- - — — - D
we - € [pew P L L ‘_ , * [ ms
41 i
WA{J D,
2 | — DOUT
D1
RrA{ b,
RE Puc. 33.3

aewndpaums agpeca 3anucM M aapeca UYTeHWs MPOM3BOAUTCS ABYMS
HE3aBUCMMbIMU y3M1aMW, UMEIOLMMKU aBTOHOMHbIE afipecHble BXxoabl WA u
RA, B permcTpoByto NaMsiTb MOXXHO OAHOBPEMEHHO 3anucbiBaTb BUHApHoE
YMCO B OAMH M3 PErNCTPOB W CYMTBIBATb YMCO M3 Apyroro. OnucaHHas
CTPYKTypa WCMONMb30BaHa B KPWUCTan/ax OTEYECTBEHHbIX MUKPOCXEM
K155PM1, P11 n NP12 cepun K561 n K564.

MUKPOCXEMbI ~ PErUCTPOBOM  MaMATM  JIEFKO  HapalUMBAlOTCS MO
paspsiAHOCTM M AOMNYCKaloT HapalMBaHWe MO Yuciy peructpoB. OHu
pa3paboTaHbl AN NOCTPOEHUS GNIOKOB perncTpoB O6LYEro Ha3Ha4YeHus
(POH), npefHa3Ha4yeHHbIX A5l BPEMEHHOIO XPaHEHUSI UCXOMHbIX AaHHbIX U
MPOMEXYTOUHbIX pe3ynbTaToB pacyéTa B MMKPONpPOLECcopax.

YYEBHbIE 3SA0AHUA N METOAUYECKUE YKASAHUSA
K UX BbINMOJIHEHUIO

3apaHue 1. 3anycTtuTb nabopaTtopHbii komnnekc Labworks n cpeay
MS10 (WENKHYB MblWbO HAa KOMaHAe DKCMEPUMMEHT MEHI0 KOMMJeKca
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Labworks). OTkpbiTb daiin 33.4.ms10, pa3mewénHbin B nanke Circuit
Design Suite 10.0 cpeabl MS10, nnn cobpartb Ha paboyem none cpeapl
MS10 cxeMy Ana UCNbITaHWS yHMBEDCA/IbHOIro pervctpa ¢gsura (pyc. 33.4)
N YCTAHOBMUTb B [MaNlOrOBbIX OKHAaX KOMMOHEHTOB WX MapaMeTpbl Wau
pexxuMbl paboTel. CkonupoBaTb cxeMy (puc. 33.4) Ha CTpaHuLy OTYETa.

EHG2
(3
Efoz Z L e RG XLA1
I3 : i 3 '
T b X1, X2 X3 X4 110 i
T O O O m| C =
—a L J * i
::g g_ : A @ S ]
:_.9 .;}_: g OE | 1a |
1= e il pr BT 7
1= Fam Pl o BT
3 15 f/_-_\l,E-I I P
C T
{; {g L Jovev TAHC194N_aV ]
[ [ g2 D.dusec Zusec
Puc.33.4

YHuBepcanbHbii  4-paspsaHbii - pernctp  casura  74HC194N_4V
(oTevecTBeHHble aHanorn-muvkpocxembl K230MP2, KM155MP1, K176UP3)
cnocobeH caBuratb MH@OpMauuMio M BMNpaBO, M BfIEBO, BO3MOXHA Kak
napannenbHasl, Tak U nocnegosaTesibHas 3anucb AaHHbIX. Pernctp nMeet
napannensHole Bxoabl (A, B, C, D), napannensHble Bbixoabl (QA, QB, QC,
QD), nocnenoBaTenbHble BXxoabl (SR, SL), Lenb NpsiIMOM OYUCTKM perncTpa
no exogy CLR wn ynpasnsiowme Bxoabl (SO u S1) — Bxoabl 3agaHus
pexuMa:

e SO = 1, S1 = 1 — 3anuncb AaHHbIX B perncTp no exogam A, B, C, D;

e SO = 1, S1 = 0 — casur gaHHbIX BNeBO B HanpasneHun ot QA k QD;

e SO = 0, S1 = 1 — caBur AaHHbIX BNpaBoO B HanpasfeHun oT QD kK
QA;

e SO = 0, S1 = 0 — BXOAbl perncTpa HeaoCTynHbl (6110KMpPOBKA).

3apnaHme 2. CoctaBuTb [MJ1aH WCCNeAOBaHWA MapannienbHoro
perucTpa CAsura, 3arnosiHUB SYErKM NamMaTn reHepatopa cnoBa XWG1 Ha
OCHOBE  MpaBwi  (PYHKUMOHMPOBAHUS perucrpa 74HC194 4V,
OTpaX€HHbIX B Tabn. 33.1.

Tabnuya 33.1

BXO,CI,bI Ruivnnmi
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C6po |Crap| Pexxum | Mocnen. |MapannenbHbin

C T BXOA, BXOA,

ciR |cax |SO|S1|SR|SLIA|B|C|D|QA | QB | QC | QD
0 X | X | x| x | x| x|x|x|x] 0 0 0 0
1 0 | x| x| x | x| x| x| x| Xx]|QA | QBo| QCy | QDg
1 T11]1| x | x|A|B|C|D| A B C D
1 T 11101 | x| x|x|x|x]| 1 |QA;|QB;| QCs,
1 T 1110 0 [ x| x| x|x|x]| 0 |QA:| QB;| QCs,
1 Y101 x |1 | x|x|x|x|QB;|QC,|QDs| 1
1 10| 1] x |0]x|x|x|x|QB;QCr|QDs| O
1 X 0|0 X | x| x| x| x| x|QA | QBo| QCo | QDo

NMpuMmeuaHue. 0 — HM3KJFII>'1 YPOBEHb; 1 — BbICOKMN YPOBEHb; X —
noboe cocTosHue; - TIONOXUTeNbHbIN nepenaj (C HU3KOro
EpOBHFI Ha BbiCOkMM); QAo, QBo, QCo, QDo — CTaumMoHapHble YpoBHU A,
, C, D 00 yCTaHOBKM yKa3aHHbIX COCTOSIHMM Ha BXodax; QA CSBH, QC,,
D, — cooTtBerctBeHHO ypoBHn A, B, C, D nepea Hadanom
NPOXOXAEeHMS (DPOHTA CaMOro NocnegHero TakToBOro MMNyJibca.

3anycTtuTtb MporpaMMmy MOAENUPOBaHUA MapasnienbHOro perucrpa,
CKonupoBaTtb B OTYET nporpamMmy (cM. puc. 33,5) M BpeMeHHble
AvarpamMmMbl CUrHaNoOB Ha BXodax M Bbixodax perncrpa (cM. puc. 33.6).

Beoa (3anucb) n BbiBOA (CUMTbIBaHWE) WHMOPMauMn NPON3BOAUTCA
napannenbHbIM KoAOM. Beoa obecneumBaeTcsi TAKTOBbIM MMIMY/IbCOM, C
NPUXoAOM O4YepedHOro TaKTOBOro MMMynbCa 3anvcaHHas WHMopMaums
obHoBnsieTca. CumTbiBaHME WMHMOPMaUMM NPOUCXOAMT B MPSIMOM KoAe B
WHTEepBane Mexay CUHXPOUMMY/NbCaMW, Korga TpUIrepbl HaxoadaTcs B
peXxnMe XpaHeHus.

PykOBOACTBYSICb CXEMOW coeanHeHus reHepatopa XWG1 ¢ pernctpom
(cM. puc. 33.4), Npu 3anucyM 4Yucen B SAYENKM MNaAMATU FeHepaTopa B
MMaALWMN paspaa 9-pa3pagHbIX YMCEN HYXHO 3aHOCUTb 3HAYEHME CUMrHana
CLR : norvyeckmit 0 [N OYMCTKM perucTpa wam normdveckass 1 —
paspelleHne 3anvcn 4vucna, casura AaHHbIX W Ap.; B Creaylowue asa
pa3psaa — 3HaveHus (1 nam 0) curHanos SO 1 S1, onpeaensowmx pexmnm
paboTbl perncTpa; B ABa Creaylowmnx — BBOAUTb 3HA4YeHUst curHanos SR m
SL, onpeaensiolwmMx HanpaBleHne cABura 3anucaHHOM WHGOpMauuuM B
HanpasneHnn ot QA Kk QB, QC, a 3atem kK QD nocne kaxaoro
NONOXUTENbHOMO Mepenaja WMMy/nbca Ha TakToBOM Bxoae CLK wiu
HaobopoT oT QD k QA. B crapwwue pa3psagbl HYXHO 3aHecTu npo-
N3BONbHbIE (MM MO YKa3aHWIo npernogasaTenst) 3HayeHus 4-paspsagHblX
yncen DCBA, KOTOpble NepeaarTcs Ha COOTBETCTBYHOLLME BbIXOAbI.



YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BrlurcauTenbHas TEXHHUKA

B kauyectBe npumepa Ha puc. 33.5 npuBedeHa 3anucb 9-paspsaHbIX
KOZAOBbIX KOMOUHauuin B 15 siueek namstu reHepatopa XWG1, a Ha puc.
33.6 — peanusauma NporpamMMbl MOAENMPOBAHUA MapanenbHoOro perucTpa
B BUAE BPEMEHHbIX AMarpaMM CUrHanoB (BbIBOAMMbBIX B OKHE aHanuMsaTopa
XLA1l) Ha ero Bxodax M BbIxodax npu warosoM (Step) pexume paboTbl
reHepaTopa XWG1.

& Word Generator-XWG2

Control= Display 1 .
Cyle ™ Hex gooloolll 2
T Buret | 00oooooLl 3
T £ Dec 000000011 4
{« Binary 00ooooaLl 5
Set.. ~ A5CIl ooooooool 6
- opoooolol T
ngger
oooooolol &
Intemal oooooo10l o }I-uar“
External £t | 000000101 19
Fraquency 000111001 14
101000111 12
| 500 = L 101000011 13
00oooooLl 14
Aooo000001L 15 b
DCBA TR
5L S0
SR| |51
Puc. 33.5

Ha nepBom ware (nepBoM TakTe paboTbl reHepaTopa W perucrpa) npu
nogaye curHana CLR = 0 (cM. nepsyto cTpoky Tabn. 33.1 u puc. 33.6), Ha
BCEX BXOAaX M BbIXOAAX perncrpa YCTaHOBWIUCL HyneBble 3HadeHus. Ha
BTOpoM Wware npn CLR = 1, SR = 0, SL = 0 (pa3peLueHne 3anmcm Ynicia B
pernctp), SO = 1 n S1 = 1 (3anpeleHne casura AaHHbIX BO BpeMs
CMHXPOHHOW MapannenbHON 3anncu YnUcia B PEeructp, CM. TPETbO CTPOKY
Tabn. 33.1) nponcxoauT 3arpyska 4-paspsiaHoro asonydHoro yncna DCBA =
0001 B perucTp.

MNpy 3agaHuK HanpasneHus casura AaHHblX Bneeso (SO0 = 1 mn S1 = 0,
TakT v war 3) curHan 0001 seiBoanTCS Ha Bbixoabl: QD = 0, QC = 0, QB
= 0 n QA = 1. C npuxoaoM o4vepeaHOro TakToBoro uMmnynbsca (warun 4, 5 n
6) npoucxoauT nepe3anucb (CABWUI) COOAEPXMMOro Tpurrepa Kaxaoro
pa3psaa B coceaHui pa3psia (oT pa3psaa A k paspsay D) 6e3 nameHeHus
nopsiaka cneaoBaHna eanmHuL, M Hynen. Mo OKOHYaHUK WeCTOro TakTOBOMo
UMNynbCa Ha Bbixode ycTaHaBnmeaeTcs ymcio 1000 (cM. puc. 33.6). Ecnun
BbINOSHUTL eLWwé oaunH war npn SO = 1 1 S1 = 0, To 3aHeceHHas B perncTp
nHpopMauns 6yaeT MNONHOCTLIO U3 Hero BbiBegeHa. Ecnv npu pabote
pernctpa B pexuMe casura Bneso (cM. warn 3, ..., 6 Ha puc. 33.6) B
SYENKN NaMsATUM reHepatopa BHect SL = 1, 1O curHan 1 Oyaer
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¢dopMupoBaTbCcs Ha Bbixoge QA u capuratbcs BrieBo oT QA kK QD npwm
KaXXAOM TakTOBOM UMMynbce. B pe3ynbTate, nocne LWeCcToro UMnynibca Ha
BbIXxoA4e, YCTaHOBUTCA curHan 1111.

Logic Analyzer-XI A1

Time (5)

0 4000 2000p  12000p  16000p 20000  24000p 28000 320000  36.000u
. . . . . . . . .
B 1
C
o 1
Lk M- n n n nn nrn.n mnn T n Jf n
SR | 1 1
5L 1 1 1

War: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 I 4

04 1 1 1
QB 1 1 1 [
Qe 1 1 1
qp 1 1 1
Tem 13
50 | I
g1 | —
CLE

| .

OMMCTHR 3636"0”1% CABMT BNEED Egg'ﬁg— CREMT BNpacBD Eggf{g' 318611”,_1,:b CREMT BNEED OUMCTKE SSSSfb Casur

Puc. 33.6

Pexkum 6110KMPOBKM peanuiyeTcs npu nogade Ha oba ynpasnstoLmMx
BXOJa CUrHasoB HWU3KOro ypoBHSI, T. €. SO = S1 = 0 npu CLR = 1 (cMm.
war 7 n war 11 Ha puc. 33.6). B pexxume 610KMPOBKN AaHHbIE B perncrpe
He COBWralTCA HW BNpaBO, HW BfIEBO, @ OCTAOTCA Ha CBOUX MPEXHUX
nosunumsax. MNMpu ycraHoBke curHanos SO = 0 n S1 = 1 ¢ npuxogom 8, 9 u
10 TakTOBbLIX MMMNYNbLCOB MpoucxoauT casur curHana 1000 BrnpaBo m ero
MONHbIA BbIBOA U3 pernctpa. Ecnu npu paboTte pernctpa B pexume caBura
BnpaBo (cM. warun 8, ..., 10, Ha puc. 33,6) B A4YeVKM NaMSATU reHepaTopa
BHecTh SR = 1, TO curHan 1 6yageTt dopmmnpoBaTbCcs Ha Bbixoae QD u
casuraTbCs Bnpaso oT QD kK QA npu KaXkAoM TakTOBOM uMnysbce. U, Kak
cneacrTeve, rnocne AecAaToro MMMynbCa Ha BbIXOAE YCTAHOBUTCA CUrHan
1111.

MNpwn yctaHoBke SO = S1 = 0 ¢ npuxogom 11-ro nmnynsca NPoOonNCXoauT
610KMpoBKa BbIXOAOB, HA CreAylOLWEM Lare BbIMOMHAETCS napannenbHas
3anuncb uncna DCBA = 1010 B peructp, Aanee cABUr AaHHbIX B/IEBO U T. A.

3apaHme 3. OTKpbITb (ann 33.7.ms10, pasMelléHHbIM B Marnke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyeM none
cpeabl MS10 cxeMy ANst UCNbITAHUS [T0C/IE40BATE/IBHOMO PErUCTPa CABUIra
(pnc. 33.7) n YCTaHOBUTb B [AMASIOrOBbIX OKHAX KOMMOHEHTOB WX
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napameTpbl nnn pexumol pabotel. CkonupoBaTtb cxemy (puc. 33.7) B
OTYET.

1= e RG X2 X4 XLA1
4 1
_ G2 _ 11 g_!I]. I-IOIEO : -
= o du JO1E] H &
e o - Hpi
::‘? g—— E1 2, G s N
m ol | M= s
C)m“ ek o M ]
= o s .
:E‘g b ;r:: - e FC o T
T x o |0v4v TAHC194N 4V - a1
I o | D dusec 2usec
£l 15
T R
{F {F Puc. 33.7

Utobbl Mukpocxema 74HC194N_4V pabotana B  KayecTtse
r10C/1e40BaTE/IbHOrO0  PerucTpa c4sura BJ/IEBO, HYXHO NoAaTb Ha
ynpasnsiownin Bxoa SO BbICOKMI YPOBEHb HaMpshkeHusl, @ Ha Bxoa S1 —
HWU3KMN YpPOBEHb, T. €. ycTaHoBUTb SO = 1 u S1 = 0, 1 nogaeatb B
nocneaoBaTenbHoM dopme Ha Bxod SR aaHHble, Hanpumep, 1, 0, 1 n 0,
KOTOpble 3anucbiBaloTca B pa3psa A M nepefdatoTcs Ha Bbixog QA (pwc.
33.8). Peructp nocnenoBaTtesnibHO CABUIraeT BeBO 3TN curHasbl oT QA k QD,

Time (=)
0 A000p  §000p  12000p  14000p  20.000p
T ooooo q -,
CLE m_mn mn n r.n mn fmn n 0L01L 2
SR 1 1
3L noonoll 3
Ilar: 1 2 3 4 5 [ T g 9 10 o101l 4
Q4 1 [ oooll 5 0
QE 1 1 00011 6 - Llarn
Qc 1 [
oD 1 ] ooollr 7
Term 13 ooollr 8
50 S— [ ooool 9
51
CLE @ 10
Puc. 33.8

Ha BbIxoae QD oHu TepstoTcs (cM. warn 3, ..., 9 Ha puc. 33.8).

MNpn yctaHoBke S1 = 0 1 S1 = 1 u nogade Ha Bxog SL AaHHbLIX B
nocnepoBatensHou dopme, Hanpumep, 1, 0, 0 1 1, KOTOpbIE 3aNMUCbIBAOTCA
B pa3spsa D (M nepepatotca Ha Bbixoa QD), Mukpocxema paboTaeTr B
PeXuUMe 10CIE4QOBATE/ILHOMO perncTpa casura Brpaso (6e3 KonbLeBoro
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nepeMeLleHnst AaHHbIX): curHanel 1, 0, 0 v 1 caBuratoTcs No HarnpasieHNo
K pa3psiay A, Ha Bbixoge QA oHu TepsitoTca (cMm. waru 3, ..., 9, puc. 33.9).

3apaHue 4. CocrtaBuTb M/aH WUCCNeQoBaHWS MNoCneaoBaTebHOMo
pernctpa 74HC194_4V, 3anonHMB sa4enku namsitu reHepatopa XWG1
npou3BoSibHbIMM (MM NO  334aHU0  npenogasaTenst) 4-pa3psiAHbIMU
KOOOBbIMX  KOMOMHauMsiMK, BBOAMMbBIMKM MOCNEAOBATENIbHO CrepBa B
pernctp A, a 3ateM B peructp D.

Time (=)

0 4000p 8000 12000p  16000p  20000p

! ' ' ' ' Toooooo 4 -
CLE
mE LN Nnnnnnnon oloiol 2
5L [ — ooolol 3

War: 1 2 3 4 5 6 T 8 9 10 goolol 4
L4 ' 010101
QE 1 1 3 = Waru
a0 — — Qoolol 6
oD — e aoolol 7
Term 13 noolol 8
g': Qoolol 9
TLE (Joooio1 TR
Puc. 33.9

3anycTtutb  NporpaMMy  MOAENMPOBaHMSI  MOCNeAoBaTeNbHOro
perucTpa, ckonuposaTb B OTYET BpeMeHHble AMarpaMMbl CUMFHasOB Ha
BXOA4ax M BbIXOAaX perncrpa npv casBure AaHHbiX BneBo (CM. puc. 33.8) u
Brnpaso (CM. puc. 33.9).

COLEPXXAHUE OTUETA

1. HanmeHoBaHue n uenb paboTol.

2. MNepeyeHb NpMBOPOB, UCMOIb30BAHHBIX B 3KCMEPUMEHTAX, C UX KpaT-
KMMW XapaKTepUCTUKaMMW.

3. |/|306pa)KEHVIF| SNNIEKTPUYHECKUX CXEM AJIA UCNbITaHNA NapanfienbHOro
N NocneaoBaTe/bHOro peErMcTpos.

4. Konnn BpeMeHHbIX Avarpamm, otobpaxkatowmx paboTy nccneayemMbix
perncTpos.

5. BoiBOAbl MO paboTe.

TECTOBBbBIE 3AJAHUA K PABOTE 6 (Lr 33)
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1. Ykaxute pyHKUMUM, KOTOPbIE B 0OLIEM C/lyyae MOXET BbIMOMHATb
perncrp.

] O6HyneHue (0UYNCTKY) XpaHUMOW MHGOPMaLIMK, 3anMnUCb BXOAHOM
WMHpOpMaUnn B nocneaoBaTeslbHOM UKW B NapanfiesibHOM KoAe

] CyMMUpOBaHME Mo MoAyto 2 BCEX pa3psiaoB BUHAPHbIX Yncen C
Liefiblo BbISICHEHNSI YETHOCTW YMCna

1 CpaBHeHMe ABYX BMHApHbIX YMCEN OAMHAKOBOM Pa3psiAHOCTU C
LieSblo onpeaeneHnst X paBeHCTBa UM HEPaBEHCTBA

1 [Npeobpa3osBaHne wHGopMaumMm nyTéM e€ casura nop
BO3/EVCTBMEM TaKTOBbIX MMMY/bCOB

] XpaHeHve WH$opMaummn, eé caBUr BMpaBO M BMIEBO, Bblaady
XpaHMMoW  uHQopMauuM B MNOCIeAOBaTelbHOM WM B
napannenbHoM Koae

[l I'Ipeo6pa3OBaHV|e AECATUYHbIX YMUCen B ABONYHbIE UK B
ABONYHO-AECATUYHbIE

2. B napannenbHoOM pernctpe C nNpUXOAOM KaXXAoro TaKTOBOro
UMnynbCa WMHMOpMaLUMsa Ha BbIXoAax MNoOpaspsgHO  CABUraeTcsd B
HanpasneHun oT Bbixoda QD k Bbixogy QA. YKaxuTe, Kak Ha3biBarOT
TaKOW perncrp?

O Pernctp npsimoro cagura o Perunctp obpaTtHoro casura
O PeBepcuBHbIN perncTp O Perunctp xpaHeHus.

3. YKaxuTe, Kakume Ppeructpbl BbIMOJHAKT CO CTaTU4YECKUM
ynpasneHnem?

O lMNocnepoBaTenbHbIE O MapannenbHble
olMocnenoBaTenbHO-NapannenbHble OlMapannensHo-nocneaoBaTesbHbIE

4. YKaXuTe, Npy Kaknx YPOBHAX CUrHaJZI0B Ha YyNpaBnsoLWnX BXoaax

S0 » S1 nHdopMaunoHHbIE BXOAbl peBepcnBHOro pernctpa 74HC194_4vV
HeJOoCTYMHbI?

©S0 =0,81=0 ©S0 =0,81=1
©°S0 =1,S1=0° S0 =1,S1=1
5. VYkaxute, B Kakon pa3psap  BBOAMTCA  MHdoOpMaums

nocneposatenibHoro peructpa 74HC194_4V npu SO = 1, S1 = 0 Ha
yrnpaBnsowmx Bxogax n curHanax SR =1un crR = 17?

OB pa3spsg D O B pa3psg C
oB pa3psa B o B pa3psag A
6. YKaxuTe, Npy KaKUX YPOBHAX Yynpasndwowmx curHanos SO un S1

paspelleHa  3anuMcb  MHGOPMauMM B MApaNeNbHbIA  PErUCTp
74HC194_4V?

©S0 =0,S1=0 0S0 =0,81=
0SS0 =1,81=0 0S0 =1,81 =
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7. YKaxuTe, paspelweHo M nocnenoBaTesibHoeE mnepeMelleHue
CUrHanNoOB B  TPWUITEPHOM  MOACMCTEME  NapasfienbHOro  perncrpa
74HC194_4V Bo BpeMs 3an1cy nHgopmaumnn?

o/lla O Het

8. YKaxuTe, CKONbKO BXOAOB WMEET MOCNEA0BATENbHbIA PErncTp C
ANHAMUYECKMM YNPaBIEHNEM?

o OAuH MHGOPMALIMOHHBIA BXOA

[lBa: oavH WHMOPMALMOHHBIA BXOA4 W BXOA AN TaKTOBbIX
UMNynbLCOB (MMMYNbCOB CABUra)

©)

O Tpu: oauH VIHg)OpME]LI,VIOHHbIVI, BXOA AN TaKTOBbIX UMIYJ1IbCOB U
YCTAHOBOYHbIN BXOA

©)

qupreZ ABa VIHCI)OpMaLl,V\IJOHHbIX BXOAa, BXOA AJid TaKTOBbIX
MMNYNbCOB N YCTAHOBOYHbIN BXO/

9. VYKaXuTe, YeM OT/IMYaETCH AVHaMuyeckoe ynpasnexue
PErMcTpaMmn OT CTAaTUYECKOrO YNpaBleHUS s

O [puHUMnnanbHbIX OT/IMYUA HET: CUrHasbl, NOCTynakrolMe Ha
MHQbOpMaLI,VIOHHbIe BXOAbl  BCeX MOﬂ,M(.bMKaUMM pPErncTpos,
AENCTBYIOT B MOMEHT UX MOCTYMNJ1IEHNA

O Y perncrpoB ¢ AMHAMUYECKUM YrNpaBiEHNEM CUrHasbl Ha
MHMOPMALMOHHBIX BXOAaX AO/MKHbI OCTaBaTbCHd HEU3MEHHbLIMU HA
BCEM MHTEpBasie AENCTBNS aKTUBHOIO JIOTMYECKOro CUrHana
CUHXpOHM3aummn (C= 1)

o [llpn AWMHAMWYECKOM YynpaBneHWW 3arnoMUMHaHWe CUrHasnos,
OEWUCTBYIOLWUMX  Ha  MHMOPMAUMOHHbIX  BXOAaX  pPerncrpa,
NPOUCXOANT BO BXOAHbIX EMKOCTAX MAI1-TpaH3UCTOPOB B MOMEHT
M3MEHEHUS 3HA4YeHWd CUrHasa Ha BXOAEe CUMHXPOHM3auuK, a B
CTaTUYECKNX perncrpax, MOCTPOEHHbIX, HarnpuMep Ha RS
TpUrrepax, CUrHanbl AENCTBYIOT B MOMEHT WX MOCTYM/IEHUS Ha
WMH(OPMaLMOHHbIE BXOAbI
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JlabopaTopHas pa6ota 7 (Lr 34)

CYETUYUKMU
LLEJZIb PABOThI

O3HaKOM/IEHME C YCTPOUCTBOM WU (DYHKLMOHMPOBAHMEM CYETUMKOB WU
UCNbiTaHNE CUHXPOHHOIO CYMMUPYIOLLIEro, PeBEPCUMBHOIMO W AECATUYHOro
CYETUMKOB.

TEOPETUYECKWUE CBEAAEHUA U PACYETHbBIE ®OPMY/1bl

1. KNNACCUDUKALIUA CHETYMKOB

C4érymk npefHasHadeH Aans C4Y€Ta MnoCTynawwux Ha ero BXxoA
UMMNYNbCOB, B WHTEPBane MeXay KOTOpbIMM OH [O/MKEH XpaHWUTb
nHdopmaunto 06 ux konuvectee. [lo3TOMy CYETUMK COCTOUT U3
3aMOMMHAaOLLMX S4YEEK — TPUITepoB 06bIYHO O~ nnun JK-Tuna. Mexay cobom
SlUEMKM CYETUMKA COEAMHSIIOT TakmMM 06pa3oM, 4Tobbl KaXkaoMmy uucny
MMMYSbCOB COOTBETCTBOBANM COCTOSIHMS 1 mnn O onpeaeneHHbIX SYeex.
Mpn 3TOM COBOKYMHOCTb EAMHWUL, M HyNerW Ha BbIXOAAX /7 SYEEK,
Ha3blBAEMbIX pa3psaamy CYETUYMKA, NPeAcTaBnsieT cobon /+pa3psigHoe
LBOMYHOE 4YMCNO, KOTOpPOe OAHO3HAYHO onpejensieT  KOJMYecTBO
npoweaLmx Yepe3 BXoAbl UMMYyNbCOB.

Kaxkabli pa3psii CYETUMKA MOXET HaXOAUTbCS B ABYX COCTOSIHUSIX.
YnCno YCTOMUMBBLIX COCTOSIHMM, KOTOPOE MOXET MNPUHUMATb [AaHHbIN
CUYETUMK, HA3bIBAOT KOIPDUUNMEHTOM riepecyéra Ke..

Ecnn ¢ KaxxabiM BXOAHBbIM MMMYNbCOM "3anuMcaHHoe" B CYETUMKE UYMCNO
YBENNYMBAETCS, TO TaKOW CUYETUMK SABNSIETCA CYMMUPYIOLLMM, ECIIN XKE OHO
YMEHbLWIAETCS, TO - BoauTaowymM. CUYETUMK, paboTaloWmMin Kak Ha
CNIOXXEHWe, TaK M Ha BbluMTaHWE, HA3bIBAIOT PEBEDCHBHbIM.

CYéTuMKM, Yy KOTOPbIX MOA BO3AEMCTBMEM BXOAHOMO WMMYNbCa

nepekstoyeHne COOTBETCTBYHOLLIMX pa3psiaoB npoucxoanT
nocneaoBaTeNbHO APYr 3a APYroM, Ha3blBalOT aCMHXPOHHbLIMYM, @ KOraa
NepeK/IloYEHNE  MPOUCXOAUT  OAHOBPEMEHHO  —  CUHXPOHHBIMA.

MakcumanbHoe 4ucio N, KOTopoe MOXET ObiTb 3anMcaHoO B CYHETUMKE,
paBHo (27— 1), rae 77— 41Cno pa3psigoB CHETUMKA.

Mo cnocoby KoaAMpOBaHUS MOC/EAOBATENIbHLIX COCTOSIHUM pasfiMyaioT
ABONYHbIE cHETYMKYM C KO dUuneHTamm nepecyérta (0bHyneHuns) Ke,= 27,
Yy KOTOPbIX MOPSAOK CMEHbl COCTOSIHUA TPWUITEPOB COOTBETCTBYET
NnocneaoBaTelbHOCTU ABOUYHBIX YNCEN, N HEABOUYHBIE, Y KOTOPbIX Ky < 27
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(Hanpumep, AecATUYHble C KO3(PUUMEHTOM Ky = 10 wnu penutenu
4YacTOTbl C KO3 PUUMEHTOM AeneHns K= 27).

CYéTuMKM BXOAST B COCTaB pPa3HOOOpasHbIX LMMPOBbLIX YCTPONCTB:
3NEKTPOHHBIX YacoB, AENUTENEN 4YacToTbl, pacnpeaenvTenen MMNynbCos,
BbIYUC/TUTENHbIX 7 yrnpaBnsowWmnx  YCTPOWUCTB. Bbinyckaemble
MPOMBILLNIEHHOCTbIO MHTErpasbHble CYETYMKM NPEACTaBIAOT COBON CXEMbI
cpeaHen nHTerpaumm (Hanpumep, Mukpocxembl cepui K155, K176 v ap.);
cpean HuUX MHoropaspsigHble OuHapHble CUYETUMKM Ha  C/IOXKEHWe U
peBEpPCUMBHbIE CYETUYMKM C YCTAHOBOYHbIMM BXoAamMuM R W S ansa Bcex
pa3psiaoB, C MOCTOSIHHbIMM U MPOM3BOJIbHBIMU KO3 dUUMEHTAMM
nepecyeTa.

2. CYETYUK C HENOCPEACTBEHHbIMU CBA3SMU

YCnoBHOe Wu306paxkeHue TpexpaspsaaHoro CyMmupyroljero CHETYMKa
nokasaHo Ha puc. 34.1, g Ha KOTOpOM CMMBOSIOM R 0603HayeH BXOA
obwero copoca, cumBonamun @i, Q> 1 s — BbIXOAbl cyeTunKa, CR — BbIXOA,
nepeHoca eavHuubl. CyMMUpPYROLLIMIM BXOA CYETYMKA 0OO3Havaetca +1,
BblUMTAOWMN —1. DTO CYETHble BXOAbl. Y ACMHXPOHHBLIX CYETYMKOB 3TU
BXOAbl MOMeYeHbl crneunanbHbIMM CMMBONAMU: D> UK <, YKa3blBalOWMMU
MONSIPHOCTb Mepenaaa BxoaHoro curHana: 1/0 wnmn 0/1, npu KoTopowm

Q Q Tabnuuya 34.1

+1 Q|- 2

CcT T & =)
QL T il Pl e |ai R
QG+ 9R|T. T, R1|Ts BXO/ZIHOTO
R - | . 0 00 |o0
C,D‘ 6 nan
a) ) Cbpocs "0 1 0 0 1
01 2 3 7 8
G GGGOGOO,. > o1
6)al|—;||_|%,t 3 (o |11
@ | . | ; t 4 1] 0] o0
@ | > 5 1|01
Puc.34.1 6 1 1 0
MPONCXOANT MEPEKTIOYEHNE TPUITEPOB CUETUMKA.

[N nepeksloyeHnss TpUrrepoB B CUYETUMKAX Mcnonb3yidT |cheaytome
CBA3N: HEMOCPEACTBEHHYIO, TPaKT MOCNEAO0BAaTENBHAro MepeHocd, TPaKT
napannenbHoro nepeHoca. CxemMa CYETUYMKA C |[HENOCPEACTBEHHLIMU
CBSI3IMM MOKa3aHa Ha pwuc. 34.1, 6. MNepsbi Tpurrép cuéryuia | 7P obpasyet
MaaWwWnn paspsa. OH NepecunTbiBaeT BXOJHbIe MY tsEsl fto-MoAyAto2, a

COCTOSIH/E €ro BbIXOAAa BOCTMPUHMMAETCA CneaylowmM 7, TPUITEPOM Kak

BXOAHbIE CUIHA/Ibl N CHOBA NepeCHNTbIBAOTCA Ha 2NT. A
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[NonHoe npeacTaBneHMe O COCTOSHMSIX cyYéTumka (puc. 34.1, 6), B
3aBMCMMOCTM  OT 4YMCia MOAAHHLIX HA BXO4 WMMNYNbCOB, [AaéT
nepekntoyatenoHas Tabnuua (Tabn. 34.1) n BpeMeHHble anarpammsl (puc.
34.1, B), rae u3obpaxkeHbl NOC/IeaoBaTENbHOCTb BXOAHbLIX UMMNY/bCOB (Ha
Bxode +1), a Takxke COCTosIHUS TpurrepoB — nepsoro (@), sToporo () u
Tpetbero (@). ®OpoHTbl MMMY/IbCOB HA  AuMarpaMMax  okKasaHbl
naeanbHbIMU: MOTEHUMan, COOTBETCTBYHOWMM normyeckomy 0, cumTaeTcs
PaBHbLIM HYJ/IO, Mepeknyarlwme nepenaabl AN HarnsgAHOCTU MOMeYeHb
KpecTuKaMmu.

PaccMOTpMM  BO3AENCTBME HA CYETYMK, K NpUMEpy, LIECToro
(0603HayeHHOro Ha pAauarpamMme uudpon 5) wmMmnynbca. Mo ero cnagy
Tpurrep 71 ycrtaHaBnueaetcd B 0, nepenag 1/0 Ha ero Bbixoge @
nepeknwo4yaer B 1 Tpurrep 7>, a Tpurrep 73 OCTaeTCca B MPeXHeM
(eAMHMYHOM) COCTOSIHMM, Tak Kak nepenaz 0/1 Ha Bbixoge @ He SBNSeTCS
A/151 HEro nepexkto4vatowmnM.,

N3 anarpamMMbl BUAHO, YTO 4acToTa UMMY/IbCOB Ha BbIXOAE KaXXAoro
Tpurrepa BABOE MeHblUe 4acTOTbl MMMY/IbCOB Ha ero BxoAde. B MOMeHT,
NpeALeCcTBYIOWNA NEPEKITIOYEHNIO OYEPEAHOrO pa3psaaa, Bce npeabiaylime
paspsabl CYETUMKA HAxoAsTCs B COCTOsSHMM 1. BocbMOM wuMnynbC Ans
Tpexpas3psaHoro cyétumka (cM. Tabn. 34.1) 4BnseTcd  UMMNybCOM
nepenosiHEHUs: MM BCe Tpurrepbl YycTaHaBnuealoTcd B 0 (CYETUMK
"obHynsetca").

Ecnim B CY4éTuMke WCNONb3YKOTCS TPUITEPbl, NepekIvaoLwmecs
nepenagom 0/1, TO BXO4 nocneaylowero TpUrrepa HY>XXHO COeauHUTb C
WHBEPCHbIM BbIXOAOM Mpeablaylero, Ha KOTOpoM OopMUpYyeTCs 3TOT
nepenag, Korga rno OCHOBHOMY BbIXoAy Tpurrep nepekntoyaetcs n3 1 s 0.

CxeMa BbiyuTAOLEro CYETUMKA NPUBEAEHa Ha puc. 34.2, B KOTOPOM Mo
BXOAaM S B pa3psaabl CYETUYMKA 3aHOCAT ABOWMYHOE 4MCIO, U3 KOTOPOro
HY)XHO  Bbl4ECTb  4YMC/IO, MNPEACTaBNgeMOe  KOMMYECTBOM  BXOAHbIX
UMNynbcoB. ycTb, HanpuMep, B CYETUYMK (puc. 34.2) 3aHeceHO 4ncno 510
= 101,. lNMepBbIM BXOAHbLIM MMMYNbCOM TpUrrep 7: nepeknountca n3 1 8 0
(MO OCHOBHOMY BbIXO/ly); NMPX 3TOM Ha MHBEPCHOM BbiXxoAe Q, BO3HWMKAET

nepenag 0/1, KOTOpbIM TpUrrep 7> NEPEK/IOYUTLCS HE MOXET; B CHETUMKE
octaHeTcs yncno 1002 = 44o.
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TT
RT3 Q3

—o
Cbpoc e "0"

Puc. 34.2

BTopon BXxOAHOW MMMYNbC yCTaHaBNMBAET Tpurrep 71 B cocTosiHue 1,
Ha Bbixoge Q, nosBnseTca nepenas 1/0, KoTopbii nepeknoyaer 7> B
coctosHne 1, a dopmupyowmiics npu 3ToM Ha Q. nepenaa 1/0
nepekntoyaetr 73 B coctosHue 0. B cuétumke ocraetcs umncno 011, = 3qo.
AHANOrM4YHO MOXXHO PacCMOTPETb [AENCTBME MOCNEAYIOWNX BXOAHbIX
UMMy 1bCOB.

.B CuéTumke C HenocpeaCTBEHHOW CBSI3bIO MEPEKIOYMEHNE TPUITEPOB,
BbI3BAHHOE CPe30M BXOAHOro CUrHana, nNpoucxoauT OAWH 3a ApYyruM,
r10C/1E40BATE/IbHO, N 3afiepXXKa PacnpoCTPaHEeHUs /PaspsifAHOro CHETUMKA,
OLIeHMBaeMasi 3a1eP>XKOM CaMoro Xy/Lero ciyyas — cMeHou Bcex 1 Ha Bce
0, — B /7 pa3 6onbluUe 3a4epXXKN ogHoro 7-Tpurrepa. Ecnvn paspsaaos MHOrO,
TO 60nbLIAs 3a4epXXKa MOXET OKa3aTbCs CEPbE3HbIM HEeAOCTaTKOM TaKoro
CYETUMKa. WM3-3a HEeBO3MOXXHOCTW BbIMOMHUTL CMEHY COCTOSIHUSI BCero
CYETYMKA B €OMHBbIA MOMEHT BPEMEHM, CYETUMKN C HEMOCPEACTBEHHOM
CBSI3bl0 ObIBAIOT TONLKO GCHHXPOHHLIMM, T. €. CAFHANOM, Mepeknovaowmm
NX, ABNSIETCA CaM BXOAHOW CUrHan.

3. CYMMWUPYIOLLUMA CUHXPOHHbBIA CYETYMK

B cuHXpoHHOM CHETUMKE nepeknovalowmecs paspsaabl nepexoasTt B
HOBOE COCTOSIHME OAHOBPEMEHHO (CMHXPOHHO). [ns Toro 4Tobbl Ha BXOAbI
BCEX Pa3psAoB KaXkAabli CYETHbLIM MMMYNbC MOCTynan OAHOBPEMEHHO, a
NepekNoYEHNE pa3psiioB NPOUCXOAMNIO B HYXXHOM MOCNeA0BaTENbHOCTY, B
cxeMy  O06aBnslOT - florMyeckne  uenu,  KoTopble obecneunBatoT
nepekn4yeHMe  OogHUX  paspagoB, a  Apyrue  yaepxusaloT — OT
nepeKNoYeHmns.

& & &
+1
70 N, Mg
J J 1’ | J
TE tc ™ la c|l” @ c|™ [as C mIa
i T — K T, _i T3 _ﬁ Ts
e | [T [ [
- ' Cbpoc e "0"

Puc.34.3

B cxeMe (puc. 34.3) 4eTblpexpa3psigHOro CUMHXPOHHOrO CYETYMKa Ha
JK-Tpurrepax Ha TakToBble BXoAbl C BCEX TPUITEPOB CYETHbLIE WUMMY/bChI
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NOCTynatT OA4HOBpPeMeHHO C Bxopa 7. WHdopMauunoHHble Bxoabl J n K
Kaxaoro Tpurrepa obbeavHeHbl. Tpurrep 71 NEpeknoyvaeTcs KaXKabiM
CYETHBIM NUMMYNbCOM, TaK KaK Ha ero Bxoabl J U K NOCTOSAHHO nogaéercs 1.
OcTanbHble Tpurrepbl MNEPEKYaTCad  CYETHBIMW  UMMYNbCaMu  MpuU
CneayroLwmx ycrnoBusx:

L-mPM Q=1 T-mPMQ=1nG =1, 74-npn G =1, & =1wn
@ = 1.

YUTobbl 0becneunTb yKasaHHblE YCNOBUS MEPEKIOYEHUSI TPUITEPOB, B
cxeMy (puc. 34.3) pobaBneHbl KOHBLIOHKTOpbl /1, M2 w /3. Ha
MH(OPMALIMOHHBIA BXOA, KaXkaoro u3 TpurrepoB 72, 73 U Ta nopaércs
KOHDBIOHKLMA CUrHaNoOB C OCHOBHbIX BbIXOAOB Npeabiaywnx Tpurrepos.
Pa3peLuatoLuas nepekstoyeHne  eauHuua nocTynut Ha BX0OA
COOTBETCTBYIOLLEro Tpurrepa, eciv Bce npeablayLlime Tpurrepbl HAXOASTCS B
COCTOSIHUM 1, N MO CYETHOMY CUIHANY OH MEpPEKIoYaeTCs.

4. PEBEPCUBHbIA CUHXPOHHbIA CYETYUK

PeBepcnBHbIM CHETUMK, DparMeHT KOTOpOro nsobpaxkeH Ha puc. 34.4,
paboTaeT Kak Ha C/IOXeHWe, TaKk M Ha BbluMTaHWe. [N nepexopa OT
CNOXXEHUSA K BbIUMTAHUIO M OBpaTHO W3MEHSIIOT MNOAKII0YEeHME BXoAa
nocneaytoLlero Tpurrepa K Bbixoam npeablayLiero.

Ha obbeamHEHHble Bxoabl J M K KaXaoro Tpurrepa noaaércs yepes
[AM3BIOHKTOPbI KOHBIOHKUMS CUFHANO0B C BbIXOAO0B Mpeabiaylmx TpUrrepos:
OCHOBHblEe BbIXOAbl MpeabiayWwmx TPUITepPOB MNPUCOEANHAIOTCA 4epes
KOHBIOHKTOPbI BepxHero psiga (npy CnoXxeHuu), a MHBEPCHble BbiBOAbI —
yepe3 KOHDBIOHKTOPbl HWXXHero psiga (npu BbluuTaHwum). [pu cnoxeHun
nogaloT 1 Ha WWHY C/IOXEHWUs, KOTOpPOM BBOAATCA B AEUCTBME
KOHBIOHKTOpPbl BEpXHero psiaa; nNpyM 3TOM  HA LWWHE  BblYMTAHUSA
npucytcteyetr 0, BCNeACTBME Yero KOHBIOHKTOPbl  HWDKHEro psaa
BbIK/TIOYEHbI. BbluMTaHMe OcCyLlecTBNseTcd npu nogade 1 Ha LUKMHY
BbluMTaHNA U 0 Ha WKHY cnoxeHus. CYeTHble UMMY/bCbl MOCTYMNatoT Ha
Bxon 7.
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Puc.34.4

Kak oTMeyanock B M. 2, KaXAbl TpUIrrep nepekitoyaeTcs N0 TaKTOBOMY
Bxogy C npn J = K = 1, YTO UMeeT MeCTO, KOrga Ha BbIxodax BCeX
npeablaywmx TpurrepoB (Ha OCHOBHbLIX — MPU CIOXEHUN, HAa MHBEPCHBIX —
npu BbluMTaHuKM) 6yayT eanHuubl. DYHKUMOHMPOBaHME CYETUYMKa Mpu
C/TOXXEHMUM U BblYMTAHUM ONMCAHO B M. 2 1N B . 3.

5. AECATUYHDbIA CYETUYMK

Hanbonbliee pacnpocTpaHeHne cpean HeaBOWYHbIX CYETUYMKOB, Y
KOTOPbIX KO3(PULUMEHT nepecyéTta Ko, < 27, UMEIOT JeCATUYHbIE CHETUUKM,
Yy KOTOpbIX Kry = 10. [llpyM NpOEKTMPOBaHUM HEABOWMYHOIO CYETYMKA
BHauyane onpeaenstoT KOMMYECTBO ero paspsfaoB /7 Tak, 4Tobbl 27 6bino
60nbWNM 6AvKanwmMM K Kzy YMCIOM. 3aTeM TEM MW WHBLIM CMOCO60OM
(HanpuMep, NPUHYAUTENBHON YCTAHOBKOW HEKOTOPbLIX Pa3psAoB CYETUMKA
B 1) UCKIOYAIOT U3BbLITOYHbIE COCTOSIHMUSI CHETUMKA, YNCIO KOTOPbLIX PABHO
2/7 - /((:q.

Tak, ans nonydeHuss Ko, = 10 oAHOPA3pAAHbLIA CYETUMK [OSHKEH
coaep)xaTb YeTblpe Tpurrepa, a n3bblToUHble COCTOSIHUA 27 — Koy = 16 — 10
= 6 WCKNIYalT TEeM WM WHbIM CrnocoboMm. T[pn NpPOeKTUPOBaAHUK
AECATUYHOrO  CYETYMKA  Yalle  WUCMOoNb3YT  ABOUMYHO-AECATUYHOE
KoAMPOBaHWe uncen. B sTon cucteme, Hanpumep, uncno 375 3anncbiBaeTtcs
kak 0011 0111 0101, rge coxpaHeHbl MO3UUMK AEeCATUYHBLIX pa3psfoB:
0011, = 310, 0111, = 710, 0101, = 510.

B cBS3M C 3TUM [OECATUYHBLIA CYETYMK [O/HKEH COCTOSTb U3
nocrneaoBaTesibHO COeANHEHHbIX Aekaa, NHMOpPMaUns 0 KaxkaoM 13 AeBSATH
UMMNYNbCOB HaKamnIuMBaeTCca B fAeKkade, a [eCATbiIM  WUMMNY/IbCOM  OHa
obHyNsieTcq, U eanHUUa NepeHoCUMTCs B creayowylo aekagy. Kaxpaas
Aekaga paboTaeT B HaTypaslbHOM [BOMYHOM Kode C BecaMu [OBOMYHbIX
pa3psaoB, HauMHas CO CTapllero, COOTBETCTBEHHO paBHbiMK 8, 4, 2, 1, T.
e. Aekaaa pabotaeT B koge 8-4-2-1. ECnun K BblBOAAM AeKaz MOAKIYUTD
MHOWKATOPbLI, TO OHM 6yAyT MOKasbiBaTb 3arnuCaHHble YnCna B AeKkadax B
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NMPUBbLIYHOM AECATUYHOM Koge. [eCATUYHble CHETUYMKM BbIMOSHSOTCA U C
APYrMMn BeCcaMun paspsaoBs, HanpuMmep, B koge 4-2-2-1.

Ha puc. 34.5 wusobpaxeHa OyHKUMOHANbHAs CXeMa [AeCITUYHOro
CYETUMKA C NapannenbHbiIM MNepeHOCOM Ha JK-Tpurrepax C BCTPOEHHbIMU
NTOrMYECKMMU 3NIEMEHTaMN, peanuaylolasi nepeknoyaTenbHble PyHKUNK:

J1=1 J2=Q1Qs; J3=0Q1Q2; J4=Q1Q2Q3;
Ki=1 Ko =Q1 K3=0Q1Q2; K4 =0Q1.

145 |1 | @ 135 @ 1-s @ 1—§s |
TT TT 1T Qs
1 &J &) { &J &J
TE C C —1 C C
Hak| 7, &k | L &K | 1, &K | 1, o)
< R | R —QR ] —QR
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Puc. 34.5

PaccmMoTpuM paboTy cxembl. [ycTb NO TakTOBOMY BXoAy 7 Ha Tpurrep
71 NOCTYNWUNO CeEMb MMMYNbLCOB M MNOKasaHue cyétymka 0111. [pwn 3TOM Ha
Bxodax K TpurrepoB 7i, 72 n T3 6yayT norumyeckve eavHuupbl. Bocbmown
UMMNY/NbC BbI3OBET MEpPeEKoYeHne BCEX TPUITEPOB CYETUMKA, T. €. B HEM
6ynet 3anucaH koa 1000. [eBsiTbi MMMYNIbC BbI3OBET MNEPEKIHOYEHNE
TONbKO NEpPBOro TpUrrepa, Tak KakK oCTalnbHble Tpurrepbl 3ab10KMpOBaHbI
no Bxoay .J YPOBHAMM NOrnM4eckoro Hynsa C TpurrepoB 71, 2 n T3
COOTBETCTBEHHO. [loka3aHue cuyétumka Oyamet 1001. [ecsaTbii BXOAHOM
UMMNYbC BbI3OBET MepekstodeHne TpurrepoB 71 U 74, Tak Kak Tpurrepbl 72
n 73 3a610KnpoBaHbl NO BXOAY J YpOoBHAMK 0 C BbIXOAOB COOTBETCTBYHOLLMX
TpurrepoB. CueTumnk 3acdumkempyeT aABonyHbIM kog 0000, T. e. yCTaHOBUTCS
B UCXOAHOE COCTOSIHME.

YMEHbLUEHME UYNCA YCTOMUMBBIX COCTOSIHUI B CYETUYMKE MPSIMOro CYETA
AOCTUIHYTO 3@ CYET BBeAeHMst 06paTHbIX CBS3eM, MOCPEACTBOM KOTOPbIX
CUrHan C Kakoro-nmbo Ccrapwero paspsga nocTynaer B Majwue,
obecrneumBasi NpyM 3TOM WU3MEHEHWE ECTECTBEHHOM MOC/IeA0BaTENbHOCTU
ABOMYHbBIX 4mMcen npu MNOACYETE BXOAHLIX WMMNY/bCOB. DTUM CMOCObOM
MOXXHO CTPOUTb CYETUMKM C 3afaHHbIM KO3(PPULMEHTOM NepecyéTa.

YYEBHbIE 3SAAHUA N METOANYECKME YKASAHUSA
K UX BbINMOJIHEHUIO

3apaHue 1. 3anycTtuTtb nabopaTtopHbii komnnekc Labworks n cpeay
MS10 (WENKHYB MbllWbO HAa KOMaHAe DKCMEPUMMEHT MEHI0 KOMMJeKca
Labworks). OTkpbITb pann 34.6.ms10, pa3mewéHHbii B nanke Circuit
Design Suite 10.0 cpeabl MS10, unn cobpatb Ha paboyeM none cpeabl



YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BeruyucauTe/ibHAsA TEXHUKA

MS10 cxeMy AN WUCNbITAHUS CUMHXPOHHOIO [ABOUYHOro CHYETYMKa (pwcC.
34.6) N1 YCTAHOBUTb B AMANIOrOBbIX OKHAaX KOMIMOHEHTOB MX MapaMeTpbl
nnn pexunmbl paboTol. CkonupoBaTtb cxeMy (puc. 34.6) Ha CTpaHuuy
OTYETa.

B 6ubnuoteke nporpammHon cpeabl MS10 wumetotca 4-, 8- u 12-
pa3psaHble  CYETUMKM  pas3nuuHbiX TuUMoB. Cpean HUX:  CHETUMKM
aCMHXpOHHble  (SN7493, SN74393), cuHXpoHHble (74NC161,
SN74163), pesepcuBHble (SN74191), asouyHo-AecaTUYHble (SN7493,
SN74160) v ap.

B cxemy (puc. 34.6) BK/IOYEH CUMHXPOHHbIA [IBOWMYHbLIN 4-pa3psiaHbii
cyéTumk 74HC161, k Bxogy CLK KOTOpPOrO MOAK/IOHYEH WCTOYHMUK
TakToBbIX uMnynbcoB E1l, a Kk Bbixodam QA, QB, QC n QD -
lWeCTHaguaTepUYHbIM ~ 7-CerMeHTHbIM ~ uHaMkatop  DCD_HEX
pewmngpatop DC 4x10. Bbixog pewundpaTtopa COeaMHEH C  BXoAamu
noruyeckoro aHanusatopa XLA1.

T
VCC —T T —
6\ Key = Space |
1ol oo DCD_HEX
| ~LOAD
. = B0 P | DC TLAl
I BIVIEL Ly [
E1 i ' o — — el iy
2 A 14 18 & o2 M
100 Hz L—l_ . v —HE 0t po
e - T kL w ’L il
_’I\f\— o o T 11_
TAHCI61D_6Y ]
e
cCarT
[T 1
T Puc. 34.6

K BxopaM A, B, C 1 D cuétumka CT noak/toyeH UCTOYHUK MOCTOSIHHOIO
HanpsbxeHns VCC, nepekntodatenu 1, ..., 4 ans popMMpoBaHMs BXOOHbIX
ABOWYHbIX KOAOB W K04 Space AN W3MEHeHUs pexuMa paboTsl
CYETYMKA. B CMHXPOHHOM CYETYMKE 3aaHHbIE C MOMOLLBIO KITHOYEN YPOBHM
CMrHaNOB MOAAOTCH Ha BXOAbl BCEX TPUITEPOB, KaK U TaKTOBbIE UMIMYSbChI,
KOTOpblE NMOAAITCSA Ha CHETHbIE BXoAbl CLK BCEX pa3psiaoB CHETYMKA.

MNpu 3amkHyTOM KNto4e Space 4ncio NoAaHHbIX OT reHepatopa E1 Ha
BXOA4 CYETUMKA MMMYNbCOB BbiCBeYMBaeTCsa Ha uHankatope DCD_HEX B
aecatuyHoM koae, ot 0 no 15, nocne 4vero CYETUMK OBHYNSETCS U BHOBb
HaunHaeTcs CYéT. lpn 3TOM Ha OAHOM M3 BbIXoAoB Aelmndpatopa DC
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dopMupyeTcs curHan HU3KOro ypoBHs1 (normyeckuin 0), HOMEp KOTOpOro
COOTBETCTBYET koay BxoaHoro umcna: ot 0000 go 1001 (910).

MNpwn  paszomkHyTomM Kmovye Space CcPopMMPOBaHHOE C  MOMOLBIO
nepeknoyaTener Ha BXOAE CYETYMKA 4-paspsaHOE [ABOMYHOE  YMUCIO
BbICBEUMBAETCA Ha WHAOMKATOpe B [AECATUYHOM KOoAe, a Ha 3KpaHe
aHanm3aTtopa Ha OAHOM M3 BbIXOAOB, COOTBETCTBYIOLEM BXOAHOMY Koay
Cc4éTumKa, bopmmupyetca norndyeckmn 0.

3apgaHume 2. 3aMKHYTb K/IlOo4 Space, 3anyCTuUTb porpammy
MOAENNPOBAHMS CYMMUPYLOLWLEro CHETUYMKA U HAbnoAaTb 3a NOKa3aHUSMM
nHankaTopa. YéeauTbcsa, UTO Ha 3KpaHe aHanm3aTopa XLA1 nornuyeckue
HyNn rnepecTtalT (OpMUPOBaTLCA nocne npuxoga 11-ro  TakToOBOro
UMMynbca M NOSIBASKOTCA BHOBb TOSIbKO C NpuxoaoM 17-ro uMmnynbca (pwc.
34.7, a).

Pa3soMKHYTb K04 Space. YCTaHOBUTb B [Ma/lOrOBOM OKHe
aHanuzatopa XLA1 HanpsbkeHne V = 5 B, vacrtoTty Tammepa £ = 2 Ky,
4YMCNO MMMYNbCOB, npuxoaswmxca Ha ogHo aeneHue, Clocks/div = 60.
(Mpn TakoM pexuMe Nyunm MefjIeHHO [MepeMeLlaloTcsl Ha  3KpaHe
aHanuzaTtopa). C NoMoLWbio aKTMBHbIX Knasuw 1, 2, 3 n 4 knasmatypbl
cpopMmupoBaTtb nNpou3BoNbHble (MM MO YyKa3aHUIO rpernoaaBaTensl)
LABOMYHble BXOAHble uncna (koawl), Hanpumep 1001, 0011, 0000, 1110 wn

, : : : L I
k| U L T
oL LI ]
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= |
{ — ! v |
a X L] ?|
il L 7|
o L T |
bl \“; Ll T
ki L Kawan: 9 : 3 o0 1 Her
[ = s 1 7T
a) Kon, * 1001 o011 0000 1110
Puc. 34.7 6)

noaasBatb ux Ha Bxoabl D, C, B n A cuyéTuMka. Yb6eamtbcsi, 4YTO Npu
nogaye umcna 11102 (1410) HM Ha oaHOM Bbixode aewwmndpatopa 4x10 He
cchopMMpoBarcsl HU3KUIN ypoBeHb curHana (puc. 34.7, 6).

CkonupoBaTb Ha CTpaHuUUy OTYETA pe3ysbTaTbl MOAENNPOBAHUS
CUHXPOHHOIO CyMMUpYtoLLero cHétumka (CM. puc. 34.7).

3apaHue 3. OTkpbiTb dann 34.8.ms10, pa3MeléHHbIM B nanke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyeM none
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cpeabl MS10 cxeMy And UCNbITaHUSA PEBEPCUBHOMO [BOMYHOIO CYETYMKA
(puc. 34.8) N yCTaHOBUTb B [AWANIOrOBbIX OKHAX KOMMOHEHTOB MX
napameTpbl unn pexuMbl paboTbl. CkonupoBaTtb cxeMmy (puc. 34.8) Ha
CTpaHuLy OTYéTa.
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Puc. 34.8

B cxeMe peBepCMBHOrO ABOMYHOrO cyeTumka (puc. 34.6) C NOMOLLbIO
rpynn knoden A n B OCylecTBnsSieTcs 3aMblkaHMe WM pa3MblkaHue
BbIXOAOB BbICOKOrO WM HU3KOrO0 YPOBHSA npeablaywero Tpurrepa C
BxofdaMn 1PR unm 1CLR Tpurrepa cneaylowero paspsga, MpUyéM npu
3aMKHYTbIX Kto4Yax A 1M pa3oMKHYTbIX B (pexmnM cyMMmMpoBaHUs) C KaxkabiM
TAKTOBbIM UMMYSIbCOM YBENNUYMBAETCA pe3yfbTaT CYETA, a NPWU 3aMKHYTbIX
Knoyax B M pasoMKHYTbIX A (peXuM BblUMTaHUS) — pe3ynbTaT CYéTa
YMEHbLLAEeTCS.

YCTaHOBUTb B [INanioroBoM OKHe aHanu3atopa XLA1l HanpsxeHue V
= = 5 B, vyactoty Tammepa f; = 2 kU, 4nCNO WMMY/bCOB,
npuxoasawmxcs Ha ogHo aeneHune, Clocks/div = 60. Pa3OMKHYTb Kto4un
B 1 3aMKHYTb KIouM A. 3anyCcTuTb MporpamMMy MOAENMPOBAHUS
CYéTumka. [llpn BbICBEYMBAHUM 4Ymucna 15 Ha 7/-CerMeHTHOM MHAMKaTope
LENKHYTb MbIWbIO Ha KHOrMke Stop (0CTaHOBKM MOAENMPOBaHUSA) U

Logic Analyzer-XLA1

Tirne (5)
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CKONMMpPOBAaTb OKHO aHanmMsaTopa C pe3y/bTaTaMu MOAeSIMPOBaHWUS Ha
CTpaHuUy oT4éTa (CM. BEPXHIO YacTb puc. 34.9).

Pa3oMKHYTb K/1t0ounM A 1 3aMKHYTb Koun B. LLLENKHYTb MbILbIO
Ha KHonke Stop (NpPoAO/MKMTL  MOAENMPOBAHWE), OCTAHOBUTDb
MOAeNnupoBaHne npu BbiCBeuMBaHMM uncna 0 Ha wHAMKATOpe U
CKOMUPOBAaTb OKHO aHanmMsaTopa C pe3ynbTaTaMu MOAENMPOBaHUS B
OT4YeT (CM. HMXHIOW YacTb puc. 34.9).

3apaHue 4. OTkpbiTb dann 34.10.ms10, pasMewéHHbIA B Nanke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyeM none
cpeabl MS10 cxeMy ons ucnblTaHusa gecstudyHoro cq4érymka (pyc. 34.10) u
YCTAaHOBMUTb B [MANIOrOBbIX OKHAax KOMMOHEHTOB WX MapaMeTpbl Wn
pexxuMbl paboTel. CkonupoBaTb cxeMy (puc. 34.10) Ha cTpaHuUy OTYéTa.

Pe3synbTaTbl MOAENMPOBAHUA 4-pas3psiAHOrO ABOWYHOrO cyeTymka (CM.
puc. 34.8 n puc. 34.9) nokaszanu, 4YTo C ero NOMOLLbK MOXHO COCUYMTaTb A0
15. CnepoBaTtesibHO, AN CO34aHMA CYETUMKA HATYpPasibHbIX OECATUYHbIX
yucen B ABOMYHOM KOAE ANS OAHOW AeKafbl HY)XHO B CXEMY ABOWYHOMO 4-
pa3psgHoro CcYéTyMka BBEeCTM ObpaTHble CBA3M C  JIOTMYECKUMU
3/IeMeHTaMK, MOCPEACTBOM KOTOPbIX CUMHaA C  Kakoro-To Crapluero
pa3psga nocTtyrnaeT B Miagwmve v T. n., obecneunsas B LEOM BblpaboTKy
CYETYMKOM ABOMYHOrO 3KBMBANEHTa CYETHOM AeKaapbl.

B dyHKUMOHaNbLHON cXxeMe AecaTUYHOro cyétumka (34.10), cobpaHHOM
Ha Tpurrepax JAK“TUNa, Ha KaXkabli OAMHHAALATbIA TaKTOBbIMA WMMMYNbC
pe3ynbTaT C4YéTa cbpacblBaeTcsi B Hy/Jb M Jdanee pe3ynbTaT CYéTa
yBenuumneaeTcd. Bo3BpaT cuétumka npu NOCTYrNSIeHMn OAMHHAALATOro
TAaKTOBOrO  WMMMynbCa B  HayanbHOE  COCTosiHMe  obecrneyvvBaeTcs
AOMONHUTENBHON KOMOMHALUMOHHON CXEMOW C BCTPOEHHBLIMU JIOrMYECKUMM
anemMeHTamu N (AND), UJI (OR) 1 HE (NOT).
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Puc. 34.10

CyéTunk paboTaeT TaK Xe, KaK CUHXPOHHbIN ABOWYHBLIA CYETUYMK A0
MOCTYNNEHMS CeabMOro MMNynbca, a aanee, bnarogaps obpaTHOM CBA3W,
HapyLlLIAeTCs W3MEHEHME EeCTECTBEHHOM MOCNeAoBaTENbHOCTM [ABOUYHbIX
yMucen Ha BXo4axX W BbIXoAax TPUITEPOB MpU MNOACYETE TaKTOBbIX
UMMYNbCOB.

3anycTtuTb nporpaMmMmy MOAENMPOBaHUSA AECATUYHONO CYETUYMKA WU
CKOnuMpoBaTb OKHO aHanu3aTtopa C pe3ynbTaTaMu MOAENIMPOBAHUSA Ha
CTpaHuULy OTYéTa.

COLEPXAHUE OTUETA

1. HanmeHoBaHue n uenb paboTol.

2. NepeyeHb NpUbOPOB, UCMO/b30BaHHLIX B 3KCNEepMMeHTax, C UX KpaT-
KUMWN XapaKTepUCTUKaAMM.

3. N306parkeHnst aneKTpu4ecknx CXem Ans UCnblTaHUs CYMMUPYIOLLEro,
peBEpPCUBHOIO U AECATUYHOIO CHETUMKOB.

4. Konuu BpeMeHHbIX anarpamM, otobpaxarowme paboTy nccrnegyembix
CYETYMKOB.

5. BeiBOAbI No pabore.

TECTOBbBIE 3AAJAHUA K PABOTE 7 (Lr 34)

1. Ykaxnte, B KakoM Buae QUKCUPYETCS B CYETUYMKE  YUCNO
NMOCTYMMBLLMX Ha €ro BXoz UMMybCoB?
O B B1uAe ABOMYHOro KoAa, XpaHsALWerocs B Tpurrepax

o B Buae noteHumana (Hanps>xeHusl), XpaHALLEerocs Ha
3a)XKMMax BbIXO[HOrO KOHAEHCATopa CYETYMKA
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o B Buge [BOMYHO-AECATMYHOIO KOAAQ, XpaHAWErocs B
BbIXOAHOM perucrpe

©) B B1nae AecatnyHoro ymMcna, BbiICBEYMBAEMOro Ha MHAMKATOPE

2. YKaxuTe Heobxo4MMOe YMCO BbIXOAOB [BOMYHOIO CHETUMKA ANS
Bbl4ayn pe3ynbTaToB CYETA 28 MMMNYIbCOB.

03 04 o5 O o8

3. Ykaxunte, B KaKOW MOMEHT 5-pa3psiiHbii ABOUYHBLIA CYETUMK
BO3BpPALLUAETCA B HayaslbHOE COCTOSiHNE?

O [pn nocTtynneHuu Ha BxoA 16-ro nMnynbca

O [py nogaye Ha BXxopA 32-ro UMNybca
O [py nogaye Ha BXoA4 MHBEPCHOMO CUrHana
=251 o [lpn nepenonHeHnn, HacTynaroLeM nNpu Yymcmne UMnybcoB
4. Ha 7/-CerMeHTHOM  MHAMKaTope €CATUYHOIrO0  CYETYMKA

BbICBEUMBAETCS YMCIIO 5. YKaxnTe, Kakoe UMCno OyAeT BbICBEYMBATLCS Ha
WHAMKATOPE NPV noAaye Ha BXoJ ELE 6-TW UMMY/IbCoB?

©0 O1 2 3
5. YkaxuTe, KakuM NyTEM nepeaaroTcs CUrHasbl OT paspsja K
pa3psay B CUHXPOHHOM CYETYUMKE?

O [EcTectBeHHbIM NYTEM B pasnMyHble WHTEPBaNbl BPEMEHN B
3aBMCUMMOCTM OT COYETAHUSt BXOAHbIX CUrHasoB

©  MpuHyaUTENbHBIM MYTEM C MOMOLLbIO TAKTOBbIX UMMY/ILCOB
o [MocpeacTtBoM cneuunanbHOM NEPEKOYAIOLLEN CXEMBI
O TyTtém nogaum curHana 0 Ha Bxoabl J Bcex JR-TpUrrepoB

6. YkaxuTe, 4TO MOHMMaOT nog Ko3d(hUUMEeHTOM nepecyéTta
CUYETUMKA?

O 3TO MWHWUMANbHO JOMNYCTUMbIN MNepuoA CNeAoBaHWUSA  BXOAHBIX
MMMYNbCOB, NPV KOTOPOM 06ecrneynBaeTca HaaéxHas paboTa
CYETUMKA

o 270 MHTEPBA/T BpPEMEHM MeXAYy MOMEHTaMWU MOCTYrJieHUd
BXOAHOIo mMnynbCa N OKOH4YaHUA CaMOro AJINHHOIro nNepexoaHoro

npouecca B CYETUMKE

O JTO MaKCUMMasibHOE 4MCNO €eAVHUMYHbLIX CUrHaNoB, KOTOpoe
MOXET 6bITb 3a(PMKCMPOBAHO Ha CYETUMKE

O 3T0 MoAynb CYETA, XapaKTEPU3YEMbIN YUCIOM YCTOMUYMBBIX
COCTOSAHUM CYETYMKA

7. YKaxuTe, 4eMy paBeH Moaysb M nepecuyéra [OBOWYHOrO /7
paspsiAHOro CHETUMKA?
oOM=2" OM=2"-1 oM=2"-2 oM =2
8. Ykaxurte, CKOMbKO TPUIrrepoB [JO/KeH WMeTb [BOWYHO-
KOANPOBAHHbIN CYETUYMK C KOIDDULMEHTOM nepecyéta M = 8?

02 03 o4 0OF5 06

9. YKaxuTe NyTU U CPEACTBA, C MOMOLLbIO KOTOPbIX M3MEHSIETCS
HanpaBfeHne CYETa B PeBEPCUBHOM CUETUMKE.
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HanpaBneHne cuyéTta onpeaensieTcs MCKIUUTENbHO BbIOOPOM
OMHBEPCHbIX BbIXOAOB TpUrrepoM ans (OpMUPOBAHUS CUrHana
nepeHoca

O HanpaBneHue c4yéTa OCyLEeCTBMSETCS C MOMOLbIO pas3bueHus
pa3panHbIX CXeM CYETUYMKA Ha rpynnbl U NPUMEHEHWEM BHYTPU
3TUX rPynn nocnenoBaTebHOro NepexkItoyYeHns Tpurrepos

O HanpaBneHue cYéTa U3MeHSAETCH NMYTEM U3MEHEeHUs Buaa

MeXpa3paaHbIX CBA3EN

O W3MeHeHne HanpaBneHnsa CYETA OCYLLECTBAAETCA NYyTEM
NCKNIOYEHNSA JIULLIHNX COCTOAHUWN Pa3psaHbIX CXEM

JlabopaTopHas pa6oTta 8 (Lr 35)

LLUOPOAHAJIOIOBbIA NPEOBPA30OBATEJIb
LLEJ1Ib PABOTbI

O3HakoMNeHne C NpuUHUMNOM paboTbl M UCMbITAHWE WHTErpanbHOro
UundpoaHanorosoro npeobpasosatensi.

TEOPETUYECKWUE CBEAEHUA U PACYETHBIE ®OPMY/1bl

1. CTPYKTYPA PESUCTUBHbIX MATPUL LIAN

Mpn MNOCTPOEHMM YCTPOMUCTB, CBSA3bIBAIOWMX LMGDPOBOE YCTPOMCTBO C
obbekTaMu, UCronb3yrLWNMN MHDOPMALMIO B HEMNPEPLIBHO N3MEHSIIOLLENCS
dopme, TpebyeTcs npeobpazoBaHMe MHDOPMALMKN U3 aHaNoroBon (popMbl B
LUMdpoBYO N 13 UMGPOBOM B aHANOrOBYI. YCTPOMCTBO, OCYLLECTBASIOLLEE
aBTOMaTU4eckoe npeobpas3oBaHMe  HENpepbIBHO  U3MEHSIIOWNXCS  BO
BPEMEHWM QAHANOrOBbIX 3HAYEHUN (DU3NYECKON BENNYUHBLI (HaNPSHKEHUS,
TOKA) B 3KBMBAJIEHTHblE 3HAYEHWS1 YMCOBbLIX KOAOB, HA3blBAOT dHa/ioro-
uyngposeiM  ripeobpazoBatesiem (AUIM). YCTpoWCTBO, OCyLLeCTBNsioLLee
aBTOMaTUYeckoe npeobpa3oBaHME BXOAHbIX 3HAYEHMW, NPEeACTaBNEHHbIX
YMC/IOBLIMM  KOAAMW, B 3JKBUBANIEHTHbIE WM 3HAYeHWs! KaKoW-HMbyab
unsmyeckon  BeNMUMHBI  (HanpskeHusi, TOoKa W Ap.), Ha3blBaloT
YnpoaHasiorosbiM ripeobpazosaresiem (LIAIM).

Wtak, umdpoaHanorosbii npeobpasoBaTeNnlb MNpeAHa3HayeH AaAns
npsMoro npeobpas3oBaHWsi BXOAHOMO ABOWYHOrO Koda, HanpuMmep,

N quIX.H
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A(&@aid) B aHamnorosblii 3KBMBAMEHT. BbIXoaHas aHanorosasi BEMUMHA,
06bIYHO HaNps>XeHWNe Uswx, NHOrAAQ HOPMUPOBAHHOE Upsx.n = Useix] Ussix. max;
COOTBETCTBYET KOJOBOW KOMBWHaLun A, I'IOCTYI'IVIBLIJGVI Ha BXo4, M
BOCMPOWU3BOANTCS A1 AUCKPETHBbIX MOMeHTOB BpeMeHu (puc. 35.1, a).
CMeHsIIoLMECS BXOAHbIE LMGPOBLIE KOAbI 06YCMABAMBAIOT CMEHSAIOLLEECS
CTYMeH4YaToe HanpskeHne Ha Bbixoae (L — wpaeanbHas nepenaTovHas
Xapaktepucrtuka LIAM).

CylwiecTByeT ABa LWMPOKO PacrnpocTpaHeHHbIX cnocoba umdgpoaHanoro-
BOro npeobpasoBaHns C UCMOSIb30BAHUEM:

e DE3UCTMBHOM MaTpuubl C BECOBbIMM  [ABOMYHO-B3BELLUEHHBLIMU
COMPOTUBIIEHUAMN;

e PpE3NCTMBHOW MaTpuulbl C [ABYMS HOMMHaNiaMu COMPOTUBNEHUMN,
KOTOPYO 06bIYHO Ha3biBalOT MaTpuuen R-2R.

LIAMT C BeCOBbIMW gBOMYHO-B3BELLIEHHBIMU COMPOTUBIIEHNSIMU (PUC.
35.1, 6) coctouT: U3 7 nepekntodatenen S (MO OAHOMY Ha KaxAabli
pa3psia), YnpaBnseMblX [ABOWYHbIM KOAOM A; U3 MaTpuubl ABOWYHO-
B3BELLUEHHbIX PE3UCTOPOB C CONPOTUBNEHUSIMU 271R; UCTOYHMKA OMOPHOMO
Harnps>KeHUs th U BbIXOAHOIrO onepaunoHHoro ycunutens OY, ¢ noMoLbio
KOTOPOro CyMMMPYIOTCS TOKM, NpOTeKaloLme Yepes3 pe3ncTopbl C ABONYHO-
B3BEWEHHbIMU  COMPOTMBAIEHMAMW, AN MNOJSlydeHMs  aHaNoroBoro
BbIXOAHOIrO HANps>XeHUs Useix.

Kaxabli A paspsia ynpaBnsieT nepektoyateNneM S, KOTOpbIN
NOAKNHOYAETCA K MCTOYHMKY OMOPHOrO HanpsXXeHus wh, Koraa a = 1, nnm K
obuwen wuHe, korga a = 0. ConpoTuBneHus pesuctopoB 271R (17— HoMep
pa3psiia BXOAHOro KoAda), COeAMHEHHbIX C K/lo4YaMu, TaKOBbl, U4TO
obecrneumBaloT MpPOMNOPUMOHANIBHOCTE B HWX TOKa [JBOWMYHOMY Becy
COOTBETCTBYIOWEro paspsiga BxoaHoro koga. CnegoBaTenlbHO, TOK Ha
Bxoge QY u BbIxogHoe HanpsxeHne LIATT:

j= 2ty Bnally Al Aoy, g iy Roc nZ_la-Zi

R 2R on-lR T gnR’ e e Oonp&™

HanpsokeHne  Ha  Bbixoge  UAIM  nponopumoHanbHO  "Becy"
NPUCYTCTBYIOLLEro Ha BXOAax KoAa, a MaKCMManbHOe 3HayeHue umeeT
MeCTO, Koraa Bce pa3psiibl NPUMYT 3HayeHune 1, T. e.

L (@2 =DRy,
° 2R

M OHO BCerga MeHbLue OMOPHOro HaMpsKeHUs! Ha LWar KBAHTOBaHWUS
UoRod (27R).

Umax =
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HoMMHanbl COMpPOTMBNEHWA PE3NCTOPOB B MMafdlleEM W CTaplueMm
paspsiaax oTnmyaloTcs B 21 pas U Ao/MKHbI 6bITh BblepXXaHbl C BbICOKOW
TOYHOCTbIO. Hanpumep, ana 12-paspsgHoro LUAI wncnonb3oBaHue B
CTaplem paspsge pesuctopa ¢ conpotmerieHnem 10 kOM noTpebyer
BK/IIOYEHNS B MNaAwuMi  paspsag  npeobpas3oBaTenss pesuctopa C

IR conpoTtuenieHeM rnopagka 20 MOM.
C — LLInpokun Habop HOMWHANOB
PE3NCTOPOB N TPebOBaHUS UX BbICOKOM
TOYHOCTW, B  0cobeHHOCTH npwm
3HAUUTENIbHOM  4uCne  pas3psagoB 77

_ NG D oo o BXOOHOro KoAa, CO34al0T TPYAHOCTU
B s OY |“=| npu peanusaumm LIAM nocpeacTBoM

NMHTErpan bHOW TEXHOJOTUM.

| |
| S|

X

1

1

1

1

1

]

I

] ,_:,_\lﬁ Bo BTOpoi cxeme LIAM c maTpuueil

” TR ) R-ZR ncnonb3yoT pe3ncTopbl C ABYMS
oo HOMMHaNaMmn COMPOTUB/IEHNA, MPUYEM
Puc. 35.2 pE3NCTOPbl  C  COMPOTMBNEHMEM R

BKJIIOYEHbI B KaXabl paspsia (CM. puc.
352 mpu 7 = 3). OgHAaKoO B 3TOM CXEME YBEIMUMBAIOTCS 3HAYEHUS
NapasuTHbIX EMKOCTEN.

MpuHUMN  YHKUMOHMPOBAHUS  CXEMbl OCHOBaH Ha  CBOWMCTBE
pe3nCTMBHOro aenutens R-2R COXPaHATb MOCTOSIHHOE COMpPOTUBIIEHNE
Harpy3ku Ansi UCTOYHMKA OMOPHOMO HaMpsHKEHUS! NMPU 3aMblKaHWUM KITIOUEN.
Bcnepcreue 3TOro Ha BbIBO4AX pe3ucTopa R, HauuHasa Cco cTapwero /7 -—
1 paspsaa, OnopHoe Harnps>keHue nocneaoBaTeNbHO AeNUTCa nornonaM,
Kak M BXOASLIMMN B KaXAbIN y3en MaTpuubl TOK. [pn 3TOM HanpsXeHne Ha
BbIxoAe npeobpazoBaTens ¢ MmaTpuuen R-2R:

n-1
u,. =-Ug h(an_@‘1 +a, 272+ 4327 D + 3,27 = —uy 23, 2",
R 2"R &

Taknm obpaszoM, BbIxogHoe HanpshxeHue LIAT nponopumoHanbHO cymme

HanpsKEHWA CO CBOMMM BeCaMu, OOYC/TOBNEHHBLIMU MEPEKNOYATENSAMY,

NOAKIOYEHHBIMU K UCTOYHUKY OMOPHOr0 HanpsiXXeHus Lo.

Hepoctatkom LIAM ¢ maTtpuuen R-2R SBNSIETCS CUMbHOE BIMSIHWE Ha
TOYHOCTb npeobpa3oBaHus HeCTabunbHOCTU COMpOTUBEHUI
nepeknoYaTenien B 3aMKHYTOM COCTOSIHAM, UYTO CHMXKAET BPEMEHHYIO W
TeMnepaTypHyr0 CTabunbHOCTb XapakTepucTuk LIAM. ITOT HeaocTtaTok B
3HAUUTENIbHON CTEeMNeHN yAaETCs YCTPaHWUTb B CXEMax KOA-HamnpshKeHue,
BbIMOMIHEHHLIX Ha  6a3e  NonynpoBOAHWKOBOW  TEXHONMOMMM  C
MCNOMb30BaHMEM  TOHKOMMEHOYHbLIX PE3UCTOPOB Ha Kpucrtanne wu
nepekntoyatenen Ha KMAM-TpaH3MCTOpax, B KOTOPbIX HENMHENHOCTb OT
+0,8% pno +0,003% OT OMOPHOro HanpsKeHUs U, BPeMS YCTAHOBJIEHUS
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TOKa OT 5 MKC [0 AecaTbiX A0NEN MUKPOCEKYH/ M MEHEE, YacTO BbIXOAHOM
Avana3oH HanpshkeHus =5 B. OnopHoe HanpshkeHne B cxeMax LIAIN MoxeTt
BblIOUpaTbCS pa3HOM NOASPHOCTU UM ABYMNONSIPHBIM.

2. OCHOBHDIE NMAPAMETPbI LIAN

OcHoBHbIMM napaMeTpamu LIAI gBnsa0TCa 4ncno paspsgos 77 = 8, ...,
24 W abCco/IIOTHAs paspellarolyas CriocobHOCT, — CpeaHee 3HayeHue
MWHUMANbHOIMO M3MeHeHns1 curHana Ha Bbixoge LAIMN, obycnosneHHoe
yBe/IMYEHNEM WM YMEHbLUEeHWEM ero Kofa Ha eauHuuy. TeopeTuyecku
LIAMN, npeobpa3ytownii [Fpa3psagHble  ABOMYHbIE KOAbl, AOJIKEH
obecneuntb 2”7 pasnnyHbIX 3HAYEHWUI BbIXOHOIMO CUrHana C paspeLlatoLen
cnocobHoctbio 1/(27 — 1). lMpu uncne pa3psagoB /7 = 8  KOANYECTBO
HE3ABMCUMbIX KBAHTOB (CTyrneHei) BbIXoaHOro HanpsbkeHust LIAM paBHoO 28 —
1=255npn n=12,22-1=4095uT. A.

A6CONOTHOE  3HA4YeHMe  MUHMMANbLHOrO  KBAHTA  HanpshKeHus
ornpenensieTcs Kak npeaenbHbiM MpUHUMAeMbIM 4ucnom 27 — 1, Tak u
MaKCUManbHbIM BbIXOAHBLIM HarnpsbkeHnem LIAI, no-aApyroMy HasblBaeMbIM
HanpsbKeHNWeM LWKanbl WAW  OMOPHbIM  HaMps>XXeHWEM U, 3Ha4yeHue
abcontoTHOM paspeluatowen cnocobHoctn LIAM, yacto obo3Havaemoe 3MP
(3HaueHne MnaaLwero paspsiaa), Npy /7= 8 1 ONOPHOM HANPSHKEHUN Uy, = 5
B

3MP = u,/(28 — 1) = 5/255 ~ 0,0196 B = 19,6 MB.

OTnnMume peanbHOro 3HayeHus  paspellatollerd  CcnocobHoctn  oT
TeopeTnyeckoro 06ycnoB/ieHO MOrpewHOoCTAMM M WyMaMn BXOASLWMUX B
LIAM y3noB. TouHocTb LIAM onpenensietca 3HadeHMeM abCconoTHOM
MOrpeWHOCTU &7 U HENMHEWHOCTbIO npeobpasoBatens o&. AOCo/IoTHasS
MOrPELLHOCTH O; XapPaKTEPU3YETCH OTK/IOHEHMEM MaKCMMAJSIbHOrO 3Ha4YeHUs
BbIXOOHOMO  HamnpsXXeHWss  Umax OT PACYETHOrNO, COOTBETCTBYIOLLErrO
KOHEYHOW TOYKE XapaKTEPUCTMKU uMaeanbHOro npeobpasosatens, w
n3mepsieTcs 0bbluHO B eanHuuax 3MP.

HenmHeiHocTs  peobpaszoBaresis S, XapaKTepPU3YeT OTK/IOHEHME
AEVNCTBUTENbHOW XapaKTEPUCTUKMN OT JIMHEWHOWN (OT NMPSAMON JIMHWUK L, CM.
puc. 35.1, &), npoBeAeHHOM Yepe3 LEHTPbl CTYMEHEK WM 4Yepe3 Hylb U
TOYKY MaKCMMasibHOro 3Ha4yeHus BbIXOAHOIO CMrHana.

N3 aguMHaMuyecknx napamMeTpoB Haubonee BaXHbIM — SBNSIETCA
MaKcuMManbHas 4actoTa NpeobpasoBaHUS  frax (AECATKN U COTHU Kuorepu)
— Hauborbluas 4acToTa AMCKPEeTU3aumu, Npu KoTopor napametpbl LA
COOTBETCTBYHIOT 3aZlaHHbIM 3HAYEHUSM.

Pabota LIAM yacTto conpoBoXpaaeTcs crneundunyeckummn nepexoaHbiMm
UMMNyNbCaMMU B BbIXOAHOM CUrHase, BO3HMKAKOWMMKM K3-338 PA3HOCTU
BPEMEHU OTKPbIBAHWUS 1 3aKPpblBaHUS aHANOroBbIX nepekatodaTenen B LIAM.
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OCcob6eHHO 3HauUTENbHO BbIOPOCHI MNPOSIBNSIOTCA, KOrda BXOAHOM KoA
01...111 cmeHsieTca kogom 10...000, a nepekntoyaTtenb CTaplero paspsaa
LIAM OTKpbIBaeTCAa Mo3)Ke, YeM 3aKpbiBalOTCA MepeksoyvaTeny Mnaalimx
pa3psgos. Bcneacremne onpeaenéHHoM maeanusaumMm npu MoAaenvMpoBaHum
6ubnmnoteuHbix LIAM cpeasl MS10 He Bcerga Yyaaértca onpeaenvTb
OTMEYEHHbIE BbILLE MapaMeTpsbl.

bubnuoteuHble nHTerpanbHble cxeMmbl LIAM cpeabl MS10 TpebytoT ans
cBoerM paboTbl MOAKMOYEHWSt  TOMbKO  MOCTOSIHHOMO  3TAJIOHHOrO
HaNpsHKeHWs, 3a3eMIEHNS U BXOOHbIX CUTHAMOB.

YYEBHbIE 3AJAHUA U METOAUYECKUE YKA3SAHUA
K UX BbINMOJIHEHUIO

3apaHme 1. 3anycTuTtb nabopaTopHbIn komnnekc Labworks u cpeay
MS10 (WENKHYB MbIWbD HAa KOMaHAe IDKCMEepPUMEHT MEHI0 KOMMJeKca
Labworks). OTkpbITb daiin 35.3.ms10, pa3mewlénHbin B nanke Circuit
Design Suite 10.0 cpeabl MS10, unn cobpatb Ha paboyeM none cpeabl
MS10 cxeMy Ana  WUCNbITAHUS  WHTErpanbHOro  Lu@poaHasiorosoro
npeobpazosarensd (puc. 35.3, @ M YCTAHOBMTb B [MASIOrOBbIX OKHax
KOMMOHEHTOB MX MapaMeTpbl UNn pexuMbl paboTbl. CKkonUpoBaTb CXeMmy
(puc. 35.3, @) Ha cTpaHuUy OT4YéETa.

B cxeme (puc. 35.3, &) wcnonb3oBaH 6ubnuoteuyHbin (Mixed) 8-
pa3psaaHbii - uudpoaHanoroBbii  npeobpasoatens DAC, Ha Bxoabl
KOTOPOro noaatoTcs chopMMpOBaHHbIE C MOMOLLbIO Nepekntoyatenen 0, ...,
7 nBounyHble kogbl oT 00000000 oo 11111111, (FFie vnn 25510). BbixoaHoe
Hanps>keHne LAIM MOXHO u3MepuTb C MNOMOLLbKD BonbTMeTpa V1 uvnu
ocunnnorpaga XSC1, BOCMNO/Ib30BABLIMCL BU3UPHBLIMK JIMHUAMW, pac-
MOJSIOXKEHHBLIMWN Ha €ro 3KpaHe.
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3apaHue 2. NMonyunTb Ha 3KpaHe ocuunnorpada XSC1 cryneHyaToe

m

=
- Key =7
— XSC1 ! P
1 g Key=6 Exl Ty
" B
™ Eam N BrixogHoe HanpsweHue LIAM
"7 Key=5 roT
158
: m DAC t T T t T 7'( 12? T :I|-I1
? Key=4 3 OecATUYHBIE YMCNa, YCTAaHOBMEHHBIE
{ m B ¢ noMmolbke kKNoven 0.7+,
m 63
¥ DE V1
e Key=3 o . 31
—! m 2813 1 3 7 15
m it 2
1\\?‘\ Key =2 = & pcltomn |2 '
i Time Channel_& Channel_B
— - M rpoesme 5000w Reverse
m F ) T gl osztgams  zmizv . B T
* mE ok 2T 198176 ms  -ZASF Y ave - [igger
el Key=1 s = ~
r—— | Timebaze Chanpel A Channel B Trigger
m L Soale | 100 me/D = | scale | 1 W0 Soale |§ WDiv Blge [F |7
? Key =0 GND ¥ position |0 ' position |-3 ' position |D Lewel o o
- \g(‘;c v [T sad| meafave| | ac| o Jor & | ac|o JOC - | ¢ Type Sing.| Mor.| Ao [Hone
GND
v
Puc. 35.3

BbiIxogHOe HanpsbkeHne LAM (puc. 35.3, 6). [Ana 3TOro Hy>XHO BHayane
3aMKHYTb nepeknioyatens 0, 7. e. noaaTb HanpshxeHne 5 B Ha Bxoa DO
LA, » 3anycTuTb nporpaMMy MoAenvpoBaHua. Ha Bbixoge LATI
dopMupyeTca HanpsbkeHue, paBHoe 3MP. 3ateM BO BpeMsi OCTaHOBOK
MOJeNMpOoBaHMs 3aMblKaTb MoodepénHo nepekntodatenm 1, 2, ..., 7,
noaaBas BXOAHblIE AeCATUYHblE KoMbuHaumm 3, 7, 15, 31, 63, 127, 255 Ha
Bxoabl DO, ..., D7 UAI (puc. 35.3, 6).

MoBTOpPUTb 3KCNEepMMeHT, nodasas Ha Bxoabl LIAI copMupoBaHHble C
MOMOLLbIO NepekoYaTenen WwectHaauaTepuyHble koabl ot 0 go FF (25510)
yepe3 war 1016 (1610) 1 3aHoca B Tabn. 35.1 nokaszaHus BonbTMeTpa V1
(3Ha4YeHUs BbIXOAHOrO HAMPSKEHUSA Ussx LIAI) Npy HanpspKeHUU UCTOYHWMKA
VCC u, = 5 B. HaWTK 4acTW4Hble N YCPEAHEHHOE 3HAYeHWe CTYMeHW,
YACTUYHbIE N ycpeaHEHHOoe 3HayeHue M3P. MocTpouTb rpaduk Us.x(N),
BbibpaB COOTBETCTBYHOLIME MacwWTabbl AN HAMNPSHXKEHUA U BXOAHbIX
AECATUYHBIX Yncen N, OTKNaAabiBaeMbIX N0 OCAM KOOPAWHAT.

Tabnnya 35.1

o | L | SRS, TPRPREE Snovon s
n/n KO/&( Usbix, Useix2 _B Upsbix1, = (Uspo —
Usb/)(l) 16,
1 0 0 0 -
2 15
3 31
4 47
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5 63
6 79
7 95
8 111
9 127
10 143
11 159
12 175
13 191
14 207
15 223
16 239
17 255

3apaHue 3. OTkpbiTb dann 35.4.ms10, pa3MeléHHbIM B nanke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha pabouem none
cpeabl MS10 cxeMy ANns UCMbITaHUS LYU@DPOaHa/10roBoro rnpeobpaloBaresis
(puc. 35.4, 3 © YCTaHOBUTb B [AMANIOrOBbIX OKHAxX KOMMOHEHTOB WX
napameTpbl UK pexxmuMmbl paboTel. CkonupoBaTb cxeMy (puc. 35.4, a) Ha
CTpaHuLy OTYETa.

MpoBectn wMoaenupoBaHue LAIN, 3anporpaMMMpoBaB reHepaTop
XWG1 (uactoTa reHepauum curHanos /- = 1 klly) Ha BO3pacTaHue wu
ybbiBaHWe wWwecTHaguatepmyHblX uncen ot 0 o FF (25510) npu ware 1016
(1610).

CoctaBuTb TabnuLy 1 3aHECTU B Heé BbIXOAHbIe HanpskeHus LIATT u
BEIMYMHY CTYMNEHEN, KOTOPbIE BLIBOAATCA B HUXHEM OKHe ocumnnorpada
XSC2.

3MepeHne HanpskeHWd NPOBOAUTb C MOMOLLBbI BU3MPHBLIX JIMHWK
ocuunnorpada, ycraHaB/MBas UX Ha ABYX COCEOHUX CTyrneHsix (CM. puc.
35.4, 6) Npu pas3nnyHbIX KOAOBbIX KOMOMHALMSX Ha BbIXOAEe reHepaTopa
XWG1 n HanpseHun ¢, = 5 B ncrouHmnka VCC.
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Tak, Mpuv BXOAHbIX AECATUYHbIX Yncriax 175 n 191 n HanpsXeHun u, =
5 B BbIxoaHble HanpshxeHust LIAI cooTBeTCcTBEHHO paBHbl 3,437 B n 3,750
B, a HanpsbkxeHue ctynenn — 312,5 mMB. MNpu atom 3MP = 312,5/16 = 19,53
B. Hautm 1 cpaBHUTb YCpeaHEHHOe 3HayeHne 3MP cC pacyéTHbIM

X5C2
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15 o il - i
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- t — t t t t t
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e ry 0000000175
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-+ o 0t oo 0000000lss 0000000239 0000000015
I el m B 0000oool4l 0000000255 dkoooooooooo
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v [V pdd| Bem|am| | Ac| 0 OS] ac| o ||:||:J | Type Sing.| Mor.|™
Puc.354
3HA4YeHneM.

YcTaHOBUTb HanpsbkeHue u, = 10 B ucrtouyHmka VCC n noBTOpuUTb
mogenuposaHne LAl npu onopHoM HanpsbkeHun 10 B. TlMocTtpouTtb
rpadukn Uss{N) npu o= 5 B n w, = 10 B Ha ogHOM pucyHke, BbIbpaB
COOTBETCTBYIOLIME MacWTabbl AN HaMpsHKEHUM U BXOAHbIX AECATUYHBIX
yncen N, oTKNaabIBaeMbIX NO OCSM KOOpAWUHAT.

COLEPXAHUE OTUETA

1. HanmeHoBaHue n uenb paboTol.
2. NepeyveHb NpMbOPOB, UCMOb30BaHHLIX B KCNEepMMeHTax, C UX KpaT-
KUMWN XapaKTepUCTUKaAMM.

3. N306parkeHns 3N1EKTPUYECKNX
undpoaHanorosoro rnpeobpasoBatens.
4. Konmn rpadmkoB BbIXOAHOrO HanpsbkeHuss wuccnegyemoro LAIM,
oTobpaxatowmx ero pabory.
5. M'padunkn Usu(V) NpY pasnnYHbIX 3HAYEHMAX OMOPHOrO HaMpsXXeHus.
6. BoiBoabl No paboTe.
TECTOBbIE 3AAAHUSA K PABOTE 8 (Lr 35)

1. Ykaxnte Ha3HadyeHue LIATI.

o  [Onsa npeobpazosaHus MHbOPMaLMM B aHaANOroBon opme B
UundpoBbie KOAbI
N

o) Ans Npeobpa3oBaHus undpoBoro  Koga
NpONopLUNOHanbHOE aHaNoroBoe 3HaveHne HanpshkeHns U N)

CXeM Ond NCnblTaHUA

B
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Ana peneHva yucna wam 4actoTbl MOBTOPEHUSA UMMYNbCOB
Ha 3aZlaHHbIN KO3 PUUneHT K

o [Ons npeobpa3oBaHust MHDOPMaUMM U3 NOCeaoBaTENbHOMW BO
BpeMeHn (popMbl NpeacTaBieHns B NapanfesnbHyo Gopmy

2. YKaXnTe, Kakasgd CTPYKTypa pe3ucTuBHbIX Matpuu LAI mnmeer
NpeMMmyLlecTs0 MNpu  U3roToBleHMM npeobpasoBaTesnis  NocpeacTBOM
MHTErpasbHON TEXHOOTUKN?

O MaTpuua C BECOBbIMU PE3UCTOPAMM y

o [llpn wu3rotosneHmn LUAI C noOMOWbIO  MHTErpasabHOU
TEXHONIOTMN  CTPYKTypa MaTpuy He WrpaeT CyLWeCTBEHHOro
3HaYyeHus, TaK KakK BbICOKasi TOYHOCTb M BbICTpOAENCTBUE CUCTEM
KOA-HanpsXeHne 3aBYCAT OT Tuna nepeknoyatenen (Knoyen)
BO BXOAHOM pa3psaHON Lenu

O Matpuua R-2R
3. Onpefenute  noHaTve  "abGcontoTHas pa3speluatoulas
cnocobHocTb" LIAl.
o  OTO BO3MOXHOE KONMYECTBO YPOBHEM aHaNOroBOro CUrHana,
AENEHHOE Ha KONMMYeCTBO ABOMYHBIX Pas3psiAoB BXOAHOMO KOAA
O  IJTO Hambonbluee 3HaYeHne OTK/TIOHEHWUSI @aHAN0roBoro CUrHana
OT PACYETHOrO.

@) JTO MaKCMMasbHoe OTKJIOHEHUE CTYNEHYATO HapacTalolero
BbIXOAHOIO CUrHasla OT NpdaMOU JTUMHUKN, COEAUHANOLWLEN TOYKU
HYyNna U MakCMMasibHOro BbIXOAHOIO CMrHaia

O  JTO cpefHee 3Ha4YeHMe MUHUMANIbHOIrO U3MEHEHUs CUrHana Ha
Bbixoge LIAlN, obycnoeneHHoe yBeNMYeHUEM MU YMEHbLUEHNEM
ero Koga Ha eanHuuy

4. Ykaxute, [ONd  Yero BbIOMpAlOT  OMOPHOE  HamnpskeHue
ABYNOJISIPHbIM?
o  UYT06bl NpeobpazoBaTb ABONYHbLIE KOAbI B TOK
o  [Onsa obecneueHns pabotbl LA, coaepxawero pesncTUBHYIO

MaTpuUy C BECOBbIMW PE3UCTOPaMW, ANOAHbLIE KOUM U CUCTEMY
YNpPaBNEHUS KNOYaMU

©) [Ans yBeNn4eHns AnanasoHa *Us.x BbIXOAHOMO Hanpsi>XeHus

O  Ytobbl Nony4yaTb Ha BbIXOAE ABYMNONSPHOE HAMPSHKEHWNE =+ Ussx
MPWY PasfIMYHbIX BXOAHbIX KOAAX

o) YUTobbl MakcuManbHoe BbixogHoe HanpsbkeHue LIAI  He 6bino
MEHbLLUE OMOPHOr0 HarnpsbkeHust U, Ha BennumHy 3MP (3MP —
3Ha4YeHne MNaaLwero paspsaa)

5. YKaxuTe nepcnekTtusbl pa3sutua LIATI.

[ MoBblleHNe ObICTPOAENCTBUS KTHOYEN U YMEHbLUEHUE
BpeMeHu ycTtaHoBku QY

1 MocTtpoenne LIAM 6e3 pe3ancTMBHOM MaTpuLbl

] lMpnmeHeHne CTa6VIJ'IM3MpOBaHHbIX NCTOYHMUKOB OrOpPHOIro
Hanpsa>XeHu4

O YMeHblleHne  paspsagHocT  npeobpasosBaTenst  Koa-
HanpsbxeHue (oo 4...6

[ YnydlweHue KadyecTBa pe3ncTUBHbIX MaTpul
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JlabopaTopHas pa6ota 9 (Lr 36)

AHAJIOTO-{M®POBOW NMPEOBPA30BATE/b
LIEJ1Ib PABOTbI

O3HaKoM/eHMe C NPUHLMNOM paboTbl U UCTIbITAHWE MHTErpasibHoro 8-
paspaAHOro aHanoro-UndpoBoro npeobpasosarens.

TEOPETUMECKUE CBEQEHNA U PACYETHBIE ®OPMY/Ibl

1. CTPYKTYPHASI CXEMA AL NOCNIEAOBATEJIBHOIO
AENCTBUA

AHanoro-yungposovi  npeobpazosaresib  (AUM)  —  yCTPOWCTBO,
npegHasHaydeHHoe Ans1 nNpeobpa3oBaHUsl aAHANOroBblX BENYMH B UX
LUMGPOBOM 3KBUBANIEHT B Pa3IMYHbIX CUCTEMAX MCYUCNEHUS. BxoaHbIM
curHanoMm AL B TedeHMe HEKOTOPOro NPOMEXYTKa BpeMeHWn AL ABNgeTcs
MOCTOSIHHOE HanpshKeHWe, paBHOE OTCYETY Usd kKAL) BXOOQHOM aHANOroBoW
DYHKUMM Us. 3a 3TO BpeMs Ha Bbixoge ALM dopmupyetcs umdposon
(06bI4HO ABONYHbIN) KOA

Ai(ap-18p-2...8,8,),

COOTBETCTBYIOLIMMA  AUCKPETHOMY  OTCUYETY  HanpsKeHUst  Usd kAD).
KonnuectBeHHas c¢BsA3b Ans 0boro MOMeHTa BpEMEHW ornpeaensieTcs
COOTHOLLEHNEM

Ai=U6x(kAt)/AUi§i,
roe Au — war KBaHTOBaHMS BXOAHOrNO aHasioroBOr0 HAMpPSKEHUS Usy;, & —
NOrpeLwHoOCTb NPeobpaszoBaHUSA HaNpPsHKEHUS Usd KAL) HA AAHHOM Liare.

dusnyecknii npouecc aHanoro-undpoBoro npeobpasoBaHnst COCTOUT U3
AVNCKPETU3aLMM MO BPEMEHW aHanoroBoro CWUrHama, KBAHTOBaHMSA MO
YpOBHIO U koaupoBaHus [8]. [lpouecc guckpervzaymy aHanoroBoro
CUrHana AUTENbHOCTBbIO (s BBIMOMHAETCS B COOTBETCTBUM C TEOPEMOM
KoTenbHMKOBa, onpeaensitolen HeobXxoamMMbIN war AUCKpeTU3aumm At <
1/(2f»), roe fn — MaKcMMasbHas 4acToTa CneKkTpa BXOAHOro CUrHana, u
YMCNO WAroB M = tuf At.

Mpouecc KBaHTOBAaHMUSI 110 YPOBHIO [AUCKPETU3NPOBAHHOW (YHKLNM
Us{ KAL) 3aKknoyaeTca B OTObpakeHMn 6eCcKOHeYHOro MHOXeCTBa eé
3HAYEHUN Ha HEKOTOPOE MHOXECTBO KOHEYHbIX 3HA4YeHWUn U4 K), paBHOe
YNUCNY YPOBHEW KBAHTOBaHUSA N = Uscma/AU. TlpoLECC KBAaHTOBaHWUS MO
YPOBHIO (OKPYIJIEHME KaXKAOro 3HAYEHUN Usd KAL) A0 Gnvxanwero ypoBHS
ufK)) nNpuBOAMUT K BO3HWKHOBEHMIO OWKOKM (LWyMa) KBAHTOBAHUS,
MaKCMMasibHOE 3HayeHue KOTopou +1/2Au onpepensieTcs paspsiAHOCTbIO
MCNOMb3YeMOro  BbIXOA4HOrO Kogda. [lpy  yBenuMyeHun  paspsigHOCTU
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BbIXOAHOro Koda owmnbka KBaHTOBAHWS MOXET OblTb YMeHbLUeHa A0 CKOJb
YroIHO Masio BENNYMHBI, HO HE MOXET ObiTb CBeAEeHa K Hy/O BbiGOpPOM
NMapaMeTpOB YCTPOWCTBA, TaK Kak OHa MpuUCyLla aHHOMY anropuTMy.

Mpouecc  KogMpoBaHMs  3aKMOMAEeTCs B 3aMeHe  HaWAEHHbIX
KBAHTOBaHHbIX /AN + 1 3Ha4yeHWM BXOAHOro CUrHana uik) HEKOTOpbIMU
LN pPOBLIMK KOAAMM.

Ha puc. 36.1, @ npuBedeHa XxapakTepuctuka wpeanbHoro AU B
HOPMMPOBAHHbLIX €AWHMLAX BXOAHOIMO HAMNPSKEHUSA Usxy = Usy Usxmax.
KpoMe owunbKM KBAHTOBAHWUS, Mpu oueHke ToyHocTh AU yuuTbiBalOT
[OMOMHUTENbHbIE  MOrPeWHOCTU:  MHCTPYMEHTA/IbHY0  (MOrpewHoCTb
CMELLEHNS HyNS, BbI3blBAlOWEN CMELLEHME MYHKTUPHOW MNPsSIMOA L BNEBO
UNM BNpaBO OT Hayana KoopauMHaT, CM. puc. 36.1, a) W anepTypHyro,
BO3HMKAIOLLY M3-3a HECOOTBETCTBUS 3HAYEHUSI BXOAHOrO curHana U4 k)
npeobpazoBaHHOMY LUMppPOBOMY Koy A. HecooTBETCTBME BO3HWMKAET, eC/un
BXOAHOM CUrHan B TeYEHME WHTEpBana AWUCKPETM3aUuM At U3MeHSsieTCs
6onee yeM Ha 3Ha4YeHWe LWara KBaHTOBaHUS Au.

A L .
11 - , g LR PEE |
110l ™ e | | [T
I G Myex = I
w01 T - L
/F —%:A_u;é_ tan ———F=<4-
100L1 — - Usxn BT [f_)t

01/82/8 3;/8 4/85/8 6/8 7/8
a)

OY | — Uex 6)

Puc. 36.1

2. OCHOBHDIE NMAPAMETPbI ALiN

K ocHoBHbIM napamMeTpam ALl oTHOCAT:

— YMCMO paspsigoB BbIXOAHOro koda 77 = 8, ..., 16, oTobpaxkatowlero
NUCXOAHYIO aHanoroBylD BeSIMUMHY, KOTOpoe MOXeT (OopMMPOBaTbCS Ha
Bbixoge ALIM. Mpu ncnonb3osBaHnn ABOMYHOro koaa 77 = log (N + 1), rae NV
+ 1 — MaKCMManbHOE YMC/I0 KOJIOBbIX KOMBMHALUMA (YPOBHEN KBAHTOBaHUS)
Ha Bbixoae ALIT;

— OWanas3oH W3MEHEHUS BXOAHOrO HAanpsHKEHUS! Usxmax. OTMETUM, 4TO
AL moxeT obpabaTtbiBaTb BXOAHY MHMOPMaLMIO B BUAE OOHOMOASPHOrO
aHANoroBoro HanpsbkeHust ¢ npeaenamn 0... Usx.max U ABYNONSIPHOIO + Usx.max
/2;

— abconoTHas pa3spewatowast cnocobHocte 3MP = Ay (3HadeHue
Mnagwero paspsiga) — cpegHee 3HayYeHWe MUMHUMANbHOr0 W3MEHEHUS
BXOAHOIO CUrHana Usx, 06yCnaBnMBaloWEro yBennyeHne Unmn yMmeHblleHne
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BbIXOQHOrO KoAa Ha eauHudy. 3HadeHne 3MP onpepensietca pas-
PSAHOCTBIO BbIXOAHOIO KOAA M AMAana3oHOM BXOAHOIO HarpshKeHus;

— abconoTHas MOrpewHocTb & Npeobpa3oBaHMst B KOHEYHOM TOUKE
LUKaNbl €CTb OTK/IOHEHME peanibHOr0 MakKCMMasibHOrO 3HAYEeHWS BXOAHOMO
CUrHANa Usx.max OT MAaKCMManbHOr0 3HAYEHUS UAEeabHOM XapaKTEPUCTUKK L
AUIM (cM. puc. 36.1, g). ObbluHO o7 n3MepsieTcs B 3MP;

— MaKCMManbHas 4actota npeobpazoBaHus (AECATKM U COTHU
Kunorepu);

— BpeMs NpeobpasoBaHnst BXOAHOIO cUrHana: np.max < (1/2)At.

CoctaB AUM B otivume oT LIAM MOXET M3MEHSATbCA B 3HAaUMTENbHOW
CTeneHn B 3aBMCMMOCTM OT BblbpaHHOro MeTtoga npeobpa3oBaHns 1 crocoba
ero peanusauun. Hambonbluee pacnpocTpaHeHue MNOSyyYnav TpU OCHOBHbIX
MeTofa: nocseaoBaTeslbHoro C4éTta, MNOpaspsiAHOr0  KOAMPOBAHUSA U
CUYNTBLIBAHWSL.

Merog riocieqoBare/ibHoro Cc4éra OCHOBaH Ha  YpaBHOBELUMBaHUU
BXOAHON BE/IMYMHBI CYMMOW OAMHAKOBbLIX MO BEMYMHE 3TAsIOHOB (CyMMOW
LLIAroB KBaHTOBaHMs1). MOMEHT ypaBHOBELUMBAHUS ONpeaensieTcs C NOMOLLbIO
OOHOMO KOMMapaTopa, a KOAMYEeCTBO 3ITasSIOHOB, YpPaBHOBELLUMBAKOLLMX
BXOAHYIO BENTMUMNHY, NOACHMUTBIBAETCS C MOMOLLBIO CHETUMKA.

Merog 110pPa3ps4aHoro KoanpoBaHus (ypaBHOBeLUMBaHWSA)
npeaycMaTpmMBaeT HannumMe HECKOSbKUX 3TasSIOHOB (YacTo peann30BaHHbIX B
BMAae YpaBHOBELLMBAKOLLEro COBUratoLLero perucTpa), 06bI4YHO
NPONOPLMOHASBbHBIX MO BE/IMYMHE CTEMeHsM 4Yncia 2, U CpaBHEHWE 3TUX
5TA/IOHOB C aHANIOroBOM BenMuMHOM. CpaBHEHME HaYMHAETCS C 3TasloHa
cTapllero paspsga. B 3aBMCcMMOCTM OT pesynbTata 3TOro0  CpaBHEHUS
opMUpyeTCsa 3HauYeHne CTapluiero paspsida BbixogHoro koga. Ecnu aTtanoH
6onblle BXOJHOW BEMNYMHBLI, TO B CTapliem paspsiae ctaButca 0 u aanee
NPOV3BOANTCS YPaBHOBELUMBAHME BXOAHOM BENWMYMHBI  ClIEAyOWMM Mo
3HAYEHUIO 3TaNloHOM. Ecnm 3TanoH paBeH MM MeHbLLE BXOAHOW BENMYMHBI,
TO B CTaplieM pa3psfae BbIXOOAHOrO Koaa CTaBuTca 1 M B AanbHEWLLEM
NPOV3BOANTCS YPABHOBELLUMBAHNE PA3HOCTU MeXAY BXOAHOW BETMHYMHON M
nepBbIM 3TasIOHOM.

Hanbonblumnm 6bICTpOAENCTBNEM obnagatot npeobpasosaTenu,
MOCTPOEHHbIE MO METOAY CUYUTbIBAHUS. MeToq CuuTbiBaHMS NOApa3yMeBaeT
Hannuue 27 — 1 3TanoOHOB NpWU /FPa3psigHOM [ABOMYHOM Koge. BxoaHas
aQHANI0roBasl BeiMuYmMHaA OAHOBPEMEHHO CPaBHMBAETCS CO BCEMM 3TaslOHaMu. B
pe3ynbTate npeobpa3oBaHNs MOAyYaeTcs napannenbHbii koA B BUAE
NOMMYECKNX CUrHANoB Ha BbIXxoAax 2”7 — 1 KoMNapaTopoB.

3. BAPMAHT PEAJIU3ALIMM AN NOCJIEAOBATEJIbHOIO CHETA
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B kKkauyectBe npuvMepa pacCcMOTPUM  CTPYKTYpHYO cxemy AL
nocnenoBaTenbHOro cyéta ¢ LIAM B uenn obpaTtHoun ceasu (puc. 36.1, 6) u
BapuaHT eé peanusaumm (puc. 36.2). o curHany "lMyck" Ha BXxoA
06bHyneHHoro cyétumka CT HauMHaloT NMoAaBaTbCA MMIMYNbCbl reHepaTopa
TakToBOM 4yactoTbl MU (cMm. puc. 36.1, 6). o Mepe NOCTYyNnEeHUs 3TUX
MMNYyNbCOB pacTET BxoaHou koa LA M CTyneHYyaTo noBbILLAETCS
Hanps>XeHue Uysr Ha ero BbIXO4E, NMpUYeM YpOBEHb CTYMEHW COOTBETCTBYET
LLary KBaHTOBAHUSA AU BXOAHOIO HaNpPsHKeHUS Usx ALIM.

Mpouecc npeobpaszoBaHMs 3akaHUMBAETCs, KOrAa HanpsKeHWe  Uyan
CTaHET 4YyTb 60/blUEe BXOAHOIO HanpsxeHus Usx AL, nogaHHOro Ha BxoA
OY, Ha KoTopoM cobpaH komnapatop. [lpu 3TOoM paboTta CYETUMKA
MPEKPALLAETCs, @ Ha €ro BbIXOAE YCTaHaB/IMBAETCA koA A, ABNSOLMIACS
LUMPPOBbLIM 3KBMBANIEHTOM HAMPSKEHUS Usx.

CornaCcHO pacCMOTPEHHOM CTpyKTypHon cxeme AUM Ha puc. 36.2
npuBeAeH  BapWaHT  peanu3aumn  Mogenu  4-paspsaaHoro  AUT
nocnefgoBatenibHoro cyéta ¢ LAI, coctoduwero w3 onepaumMoHHOro
ycunutens OPAMP1 u pe3uctmBHon wMaTtpuubl R1, .., R4 co
B3BelleHHbIMKM conpoTmBneHnamun. [lepeknovateny Keyl, ..., Key4 B
cxeMme (rMpy pa3oOMKHYTOM Kiove Space) cnyxaTt Ans nposepku paboTbl
cyétunka CT, a ocuunnorpad XSC1l - ansg CcHATUS  OCUMANIOrpPamMMm
Hanps>keHnsa ¢ Bbixoaa LIAT 1 Bxoaa koMnapartopa.



YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BeruyucauTe/ibHAsA TEXHUKA

Mpn 3anycke mopenuposaHns AL ccopmupoBaHHble reHepaTopom E1
UMMyNbCbl  NodalTca  Ha Bxoa cyétumka CT, 4MCNO  KOTOPbIX
nocnenoBaTesibHO  BbICBEUMBAETCHd Ha  7-CerMEHTHOM  MHAMKaTope.
BbixoA4Hble nopaspsaaHble CUrHasbl CO CHETUYMKA MOCTYMAKOT TakXkKe Ha BXoAbl
nornyeckoro aHanuzatopa XLF1 u Bxoabl pe3uctuBHon MaTpuubl R1, ...,
R4, a cyMMapHOe HanpsbkeHue c matpvubl — Ha Bxoa OY. CryneHuaTtoe
HanpsbxeHve wyan € Bbixoda OPAMP1 (puc. 36.3) nopaétca Ha Bxop
KoMnapaTopa, cobpaHHOro Ha onepaumoHHoM ycunutene OPAMP2. Ha
3TOT >X€ BXO/A MoAAHO NOCTOSAHHOE HanpshKeHWe Usy C reHepatopa E7 yepes
fgenvtens R6-R7. B  MOMEHT, Korga YyKasaHHble  HanpsKeHus
CpaBHUBAKOTCS, KOMMapaTop cpabaTtbiBaeT, Ha anemMeHT N (AND) nogaércs
normyeckun 0 M npekpalwaercs pabota CYETUMKA, @ Ha WMHAMKATOpE
BbiCBEUMBaETC  umppoBon koA  (YACNO  WAroB  KBAHTOBaHMSA),

T
xsc1 VCC i oo CT —
5V Zen. - |
Exl THg Q J Key = Space ;" g B0 -
s AND |* |—rh- i I_
- — —
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Puc. 36.2

COOTBETCTBYIOLLMI YPOBHIO U K).

AHanM3 BpPEMEHHbIX AuMarpaMM CUrHaloB C  BbiIXoAa CYETUMKA W
OCLM/I/IOrPaMM  HaMpshKEHUA C BXOAOB Kommapatopa (cMm. puc. 36.3)
MOKa3blBaeT, 4YTO CYETUYMK MpepBan CYET C MNpPUMXOAOM [ABEHaALATOro
TAKTOBOrO MMMY/bCa, NO3TOMY Ha 7-CErMEHTHOM MHAMKATOPE BbICBETWU/IOCH
yncno Cis (122) (cM. puc. 36.2).

MorpeluHocTb Npeobpa3oBaHUsl 3aBUCUT OT Liara KBaHTOBaHWS (BbICOThI
CTYNEHW HAMNPSXKEHWUS Uyzq), MOFPELHOCTN B (POPMMPOBAHMM CTYMEHYATOro
HanpPsXXeHUS Uyar N OLUMOKM KOMNapaTopa B ONPEeAENEHNN PaBEHCTBA Usx U
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Uy Bpemsa npeobpa3oBaHWs HEMOCTOSHHO W 3aBUCUT OT  YPOBHS
HanNpsXXeHUsa  Usx. [lpn  3agaHHOM uyucne pa3psgos AU Bpems
npeobpa3oBaHUs ONpeaenseTcs YMC/IOM NEPUOAOB CHETHBIX UMMYNbCOB.

Mo cTpykType nocTtpoeHns WMMC AU noapa3genaioT Ha AU ¢
npumeHeHmem LIAIM n 6e3 Hux. K BUC AU 6e3 LIAM, Hanpumep UMC
KP5720NB2, K107MB2 u ap., otHocaT AL nocnepoBaTenbHOro CYé€Ta C
ABOMHBbIM WHTErpupoBaHMeM (Ha MEPBOM TaKTE — BXOAHOrO HaMpsHKEHWUS,
Ha BTOPOM — 3TaJIOHHOrO HanpskeHus ¢ npeobpa3oBaHMEM pe3ynbTaToB
WNHTErpupoBaHMsl BO BPEMEHHOW MHTEPBaN M B 3KBMBANIEHTHbIM LUM(pPOBON
Koa) ANS CriaaXuBaHUS UMMYNAbCHbIX MOMEX, MOBLIWEHUS TOYHOCTU U
NoMexo3aLlUMWEHHOCTN aaHHoro Tvna AL [12].

% Oscilloscope-X5C1

CurHan c renepatopa E7 Time (3)
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Puc. 36.3

Mnatel ALM/LUAM, Hanpumep, Mmogenn LTC poccuiickon koMnaHum 3A0
"JI-KAPZ1", WUMPOKO NPUMEHSIIOT B UMMPOBLIX U3MepUTesbHbIX Npnbopax, B
cucTeMax W yCTpoucTBax 06paboTku M oTobpaxkeHuss uHdbopmauuu, B
aBTOMATUYECKNX CUCTEMAX KOHTPOSIS U YNpaBeHusl, B YyCTPONCTBaxX BBOAA-
BblBOAA MH(MOpMaumm OBM u T. 4.

OcHoBHble HanpaeneHns passutust ALM — noBbiweHne GbICTPOAENCTBUSA
OCHOBHbIX Y3/10B, B YaCTHOCTM, KOMMapaTopoB A0 5...10 HC, noBbileHne nx
ToyHocTn Ao 0,05...0,005%, yBenuueHne pa3psaHOCTU NpeobpasoBaTenen
[0 24, nCnonb30BaHMe MUKPOMpPOLLECCOpoB B npeobpasoBaTensx.

YYEBHbIE 3AAHUA N METOAUYECKUE YKASAHUA
K UX BbINMOJIHEHUIO
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3apaHue 1. 3anycTuTtb abopaTopHbIn komnnekc Labworks u cpeay
MS10 (WENKHYB MbIWbD HAa KOMaHAe JDKCMEepPUMEHT MEHI0 KOMMJeKca
Labworks). OTkpbITb daiin 36.4.ms10, pa3melwénHbin B nanke Circuit
Design Suite 10.0 cpeabl MS10, nnn cobpaTtb Ha paboyem none cpeapl
MS10 cxeMy Ans UCNbITaHUS aHasn0ro-uym@dpoBoro ripeobpazosBaresis ¢ LAT
(puc. 36.4) N yYCTAaHOBUTb B [WANIOrOBbIX OKHAX KOMMOHEHTOB MX
napamMeTpbl Unn pexkumbl pabotol. CkonupoBaTb cxeMy (puc. 36.4) Ha
CTpaHuULy OTYéTa.

B cxemy (puc. 36.4) BKIOYEHbI COBCTBEHHO 6MOGAMOTEYHbIM 8-
pa3psaaHbin ALM (ADC); UCTOYHMKKM onopHoro HanpsbkeHus E1 m E2
(nogkntoyeHbl k BxoaaM Vref+ wn Vref- ALI); reHepatop E4 ans
CUHXPOHM3aummn paboTbl (noakntodeH Kk Bxogy SOC) u paspelueHus (Bxoa
OE) Ha Bblaady ABOMYHOM MHGOpMaumn Ha Bbixoawl DO, ..., D7 AL, c
KOTOPbIMW COeAMHEHbI BXOAbI slormyeckoro aHanmsatopa XLA1 1 npobHuku
X0, ..., X7, dyHkumoHanbHbI reHepatop XFG1 B KayecTBe MCTOYHMKA
BXOOHOrO cCuUrHana usx (nogkniodeH Kk Bxogy Vin); UAM (DAC) wu
ocumnnorpadd XSC1. Bbixoqg EOC cnyxut ans nepegayun ABONYHOM

X4 X2 X0
1 8 00,0
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nHdopmaummn AL, Hanpumep, Ha DBM.

3apaHue 2. UccnepoBaTb TOYHOCTb NpeobpasoBaHust AL ypoBHeM
BXOAHOIO HanpsKeHUs Usx B UMGPOBOM KOA C MOMOLLbIO NpobHukos XO, ...,
X7, norndeckoro aHanu3atopa XLA1l, a Takke LAl mn ocumnnorpada
XSC1.

C 37101 Uenblo:
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BeruyucauTe/ibHAsA TEXHUKA

— BpeMeHHO yaanuTtb nposog 1 (cM. puc. 36.4) U NOAKIIOYUTL BXOA
Vin AU K nonoXuTenbsHOMYy MOMOCY WUCTOYHWMKA  MOCTOSIHHOIO
HanpshxeHns E3;

— COCTaBMTb Tabnuuy, aHanornynyto Tabn. 36.1, B nepsbin cTonbeu
KOTOPOM 3anucaTb YPOBHWU HamnpsiKeHns

ux = 0,1;0,2;0,5; 1,0; 1,5; 2,0; 2,4; -0,5; -1,0: —-2,0 B,
nooyepénHo 3ajaBaeMble B AMANIOroBOM OKHe reHepaTopa E3;

— YCTAHOBMUTb B [MaNoroebix okHax reHepatopos E1 n E2 3[AC A =
2,5B,n240C £ =-2,5B;

— 3anyCcTUTb nporpammy MoaenuposaHua AL 1 3aHOCUTb B nonsd
COCTaB/IEHHON Tabnuubl 3HAYEHUS HANPSKEHWUS Ussx(uam C Bbixoda LIAIM,
M3MepsieMble Ha 3KpaHe ocuunnorpaga C MOMOLLbIO BU3UPHOW NNHWK;
ABOWYHbIA 3KBUBANEHT [2) npeobpa3yeMoro HanpskeHus, onpeaensieMbii
Mo cBeyeHuo nNpobHukoB X7, ..., XO; wecTHaauaTepuuHbii Kop Die),
CYMTbIBAEMbIN C ancnnes aHanmsatopa XLA1L;

— nony4yaemble C Bbixoga AU aecatuyHble MHBEPCHbIE CUrHanbl Lx10yms
nepecymMTaTtb Ha HeMHBEpPCHblE [J10) MO BblPAXXEHWIO

Doy = Daoyms — 128
1 3aHEeCTMU B COOTBETCTBYIOLME CTONOLbI Tabnuubl;

— PACYETHbIe AeCATUYHbIE 3KBUBANEHTbl [10)pacy ABOUYHOMO KoAa [)2) Ha
Bbixoae AUI npn 3agaHHOM 3HAUE€HUUM BXOOHONO HAMNPSHKEHWUSA  Usx
onpeaennTtb Mo ¢dopmyne

D(lO)pacq = 256 Usx /(El + | —5| ),

1 3aHeCTM BO BTOPOW cripaBa cTonbel Tabnuupl;
— paccumTaTb MOrpeLHOCTN U3MEPEHUS HaNpPSXXEHUA NO BbliPaXXEHUIO
AP = IOO(UBb/X(L/Aﬂ) — UBX)/UBX

1 3aHeCTM B NpaBbil cTonbew, Tabnuubl.

B kauecTBe npuMmepa B Tabn. 36.1 npuBeaeHbl AaHHbIE U3MEPEHUIA MPU
mogenuposanus AUM npu £ = 3 B u £ = -3 B, koTopble 65M3KkM K
PaCY&THBbIM 3HaueHusiM. Tak, npu £ = |Gl= 3B W ux = 5 = 1 B
PACYETHbLIM AECATUYHBIN 3KBUBANEHT Dioypacy = 256:1/6 ~ 42,67 npwu
n3amepeHHoMm Dp) = 10101010 wu Daoy = 42. Tlpy 3TOM NOrpeLHoCTb
n3mepeHuns coctaemna 3,56%.

Tabnunya 36.1

U‘Eg’ uE””‘émm' D) Diey | Daoymss | Doy | Dioypac | AU%
0,1 0,09375 | 10000100 84 132 4 4,27 6,25

0,5 0,5156 | 10010101 | 95 149 21 21,33 3,12

1,0 0,9644 110101010 AA 170 42 42,67 3,56
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2,0 2,017 111010101 | D5 213 85 85,34 | 0,85

2,5 2,484 111101010, EA 234 106 | 106,67 | 0,64

2,9 2,906 11111011 FB 251 123 | 123,74 | 0,21

-1,0 |-0,9844 | 01010101 | 55 85 -43 -42,67 | 3,56

3apnaHme 3. WUccnepoBaTb npouecc npeobpa3oBaHNsS BXOAHOIO
Hanps>XeHUs TpeyronbHon opMbl B UMMPOBLIE KOAbI, @ 3aTEM C NMOMOLLbIO
LIAIM — B CTyneH4yaToe HanpshXeHue, annpoKCUMUpPYIoLLLee HanpsXKeHUe Usx.

[nsa atoro:

— yAanuTb NPOBOJ, COeAMHAILWMIN Bbixoa reHepatopa E3 c BxoaoMm
Vin AU, » BoccTtaHOBUTb nNpoBoa 1, coeauHsawowmnM Bbixoa "+
dyHKUMoHanbHoro reHepatopa XFG1 c BxogoM Vin AUI (cm. puc. 36.4);

— YCTaHOBMTb napameTpbl reHepatopa XFG1l (puc. 36.5, a):
Hanps>XeHWe TpeyrosibHoM (OpMbl CO CKBaXXHOCTbIO NV = 99 n aMnanTyaomn
1 B (anana3oH ot -1 B go 0,98 B) un ero yactoty /= 50 l'u;

— 3anyCTUTb NporpamMmmy mMoaenvposanusa ALIMT;

— MOJZIYYUTb M CKOMUPOBATb Ha CTPaHMUy OT4YeTa OCUMNIOrpaMmy
BXOAHOMO HAMpshKeHUSA Usxy, OCUMNOrPaMMy CTYMEHYATOro HanpsHKeHUs
Use(yamy C Bbixoda LAIM (cM. puc. 36.5, 6), U BpeMeHHble auarpammbl
curHanos ¢ Bbixogos DO, ..., D7 AU, nocTtynawowmx Ha BXoAbl
noruyeckoro aHanuzatopa XLAl1l wu  gBngiOWMMUCA  ABOUYHbLIMU
SKBMBANEHTAMN [AMUCKPETHbIX OTCYETOB Usd KAL) BXOAQHOMO HanpshXeHus

XFG1 _
Wigvefarms
mlm _rri
Signal Options 'UBX
Frequency |5IZI | Hz
1 Duty Cycle |29 | % ' '
smplitude |1 | W
Offset ||:| | i 'U.Bbfx {_u}]_ﬂ} Aﬂdd
a) ¥
T &% Time Channel_A Channel_B
e 4.505 m= -544.000 m'w -562.500 m'
| 14527 ms 467376 m 463 750 mY/
5) Tz-T1 10.023 m= 1.012 1.031 %
Timebase Channel A Channzl B
Sicale ﬁl‘nS."Di'u’ :l: Scale | 500 mMf'D | Scale | 500 mWOi
Puc. 36.5 ¥ position |0 ¥ position |0 ' position |0
VT add| Bialam| | ac| o JOC Ac| o ot - |

(puc. 36.6);
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— BOCMONb30BaBLIMCL BU3UPHBIMU  JIMHUSIMX, NPOBECTU aHanus3
(POPMMPOBAHUA  HANPSXKEHUS  Ussx(yar, AMMPOKCUMUPYIOLLErO  BXOAHOE
HanpsKEHUE Uz, B YaCTHOCTM, U3MEPUTb HaAMNPsHKEHME W BbICOTY €ro
CTyneHen B pasHble MOMEHTbl Npeobpa3oBaHust (C MHTepBanoM B 1 MC B
MOMEHTbI MOSIOXKUTENBHOrO nepenaga TakToBOro MMIysibca CUHXPOHM3ALUNN)
N CPABHUTb UX C OTCUETAMUN Usd KAL) HAaNpsKEHUS Usx.

Tak, npu 4acTtoTe CUHXPOHMU3aLUMK = 1 kl'u wn vacroTe
nunoobpasHoro HanpsbkeHunst f- = 50 'y obpasosanocb Ha Bbixoge LAI
ABaAUaTb CTyNEHEW HANPSHKEHUS Uswx(uam, CPEAHSS BbICOTA KOTOPbIX PaBHA
U = 93,7 MB Npy pacyETHOM 3HAUEHUN AU = Usxmad (N + 1) = 1,98/21 =
94 mB. NepBas cTyneHb BbICOTON 66 MB cchopMmpoBanack no ucredeHnm 0,5
MC C MOMEHTa BK/IOYEHMS MOAENNPOBAHMS MNpPU  YPOBHE BXOAHOrO
HanpshKeHus Usx = —93,4 MB, BTOpas — Npu usx = —0,849 B BbicoTon 93,75
MKBu unT. A.

Time {3)
0 30001 10000t 15000m  20000m  25.000m
B n L | | | [
T ]
“ T2 1 i i rrrureri
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“ | os | I I
& s ] | I—
& | o7 I [
~
= | oE T o o o o
stop Tt 4] azEEms |nz?e Clocks/Div [25 = et
Reset |7z o) 19952m= |02 5 Extemal Oualifier | Qualifier
—r— TE_HJJ 10.096 mz s ~ ~ ~

Puc. 36.6

3apnaHme 4 (BbinonHsgeTcd aKynbTaTUBHO WM MO YKa3aHWUIo
npenoaasatens). UccnepoBaTb npolecc npeobpasosaHusa AL BxoaHoro
CUHYCOMAANBbHOrO Hanps>kKeHust B LUM(POBbIE KOAbl, @ 3aTeM C MOMOLLbIO
LIAM — B CTyneH4yaToe Hanps>keHue.

C 3TOW Uenbto:
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— WEJ/IKHYTb MbIWbIO Ha KHOMKe "CuvHycompanbHoe HanpshkeHue"
reHepaTopa XFG1 (cM. puc. 36.5, §) 1 YCTAaHOBMUTb 4acTOTY HanpshXeHus
f- = 25 Iy, a 3areM, Npu OCTaHOBKE MoaenupoBaHus, f- = 5 Tu ¢
M3MEHEHMEM BPEMEHN pasBEPTKKM Nny4yen ocumunnorpada ¢ 10 mc/aen Ha 50
mc/oen. CMmectutb BBepx Ha 0,6 pgeneHust ocumnnorpaMMy BXOAHOrO

% Oscilloscope-X5C2

Uay ng

U ebpe{L§AIT) Uennx{LtArT) /

fo =1k \/ fo =1k \/

f=25Tu f,=5T

Time Chanrel_A Channel _B N Time Channel_A  Channel_B
9910 m=s  999.900 mY 984375 mh 49,550 m= 999900 mY 984375 mh
20056 ms -999.975 mh 284375 mW 149,775 m=  -999.975 mY' -284 375 mW/
20045 m=s  -2.000 % -1.968 % 100235 m=s  -2.000 % -1.969 W

Ti-T1

Timebase Channsl A Channel B Timebase Channsl A

Scale | I ma/Din :l Scale | 500 mAWiv Seale | 500 mDi | Seale | 50 ms/Div Seale | 500 M Div:
¥ position |0 Y position | 0.6 ¥ position |0 ¥ position |0 Y position | 0.6 '
[ add| Bea|avp| | ac| 0 JOT Ao fOC - | |[¥T aad| Bea|ae| | ac| o JOC

Puc. 36.7

HanpsKeHns Usx (puc. 36.7);

— WU3MEPUTb HaNpPsOKEHWE Usix(uam VN BbICOTY €0 CTyNeHen B pasHble
MOMEHTbl npeobpa3oBaHMs U CPaBHUTb WX C OTCYETAMM HarpsHKeHUs
Us KAL) BXOOHOrO HanNpshHKeHUS! Usx AN MOMEHTOB MOJIOXUTENBHOMO
nepenaga TakToBOro UMrysbca CUHXPOHU3ALUUMN.

[ABOWYHbIE SKBUBASIEHTbI OTCYETOB HaNPshKeHUs Us{ kAE) ¢ Bbixogos ALIM
npeobpasytotca ¢ nomouwbto LIAM B aHanoroBbld CTYMEHYATbIA CUFHan
Usei(ypamy (CM. puc. 36.7). Tlpn 3TOM C yMeHbLUEeHWEeM 4acTOTbl CUrHana
YBENIMUMBAETCA YMCIO CTyrneHem W npeobpa3oBaHHas KpuBasi XOPOLUO
annpoKCMMMUPYET BXOAHOM CUrHan. BbicOTa CTyneHen nepeMeHHas, oT 46 MB
oo 141 MB, Tak Kak MHTEpBan AWCKPETU3aUMKM At NpU 3aAaHHOW 4acToTe
CUHXPOHM3ALUMM  MOCTOSAHHBLIN. OCOBEHHO 3aMETHa BEPXHAS U HUXKHAS
CTYNeHNn C OTK/IOHEHMEM OT aMnauMTydbl BXOAHOMO  HanpshKeHus
NpnbnmxkEHHO Ha 15,5 MB, Tak Kak Ha MHTepBanax AUCKPETU3aLMKU OKOSO
aMMNTYA CKOPOCTb U3MEHEHUS HaMNPsXKeHUS MUHUMalbHas.

COAEPXXAHUE OTUYETA
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1. HanmeHoBaHue n uenb paboTol.

2. MNepeyeHb NpnbOpPOB, UCMONb30BaAHHbLIX B SKCNEpUMeHTax, C UX KpaT-
KUMKW XapaKTepUCTUKaMM.

3. 306paxkeHne aneKTpUYECKOM CXEMbI ANt UCMbITaHUS aHanoro-und-
poBOro npeobpasoBaTens.

4. Konun ocumnnorpaMM M BPeEMEHHbIX AWarpaMM CUrHasoB C pasHbIX
Y3/10B CXeMbl, oTobpaxkatowme paboty nccnegyemoro ALJM.

5. Tabnuua c pe3ynbTaTaMyM U3MEPEHNA U PaCcYETOB BXOAHbIX OTCYETOB
BXOAHOI0 Hanps»XeHUs U BbIXOAHbIX kogos ALLIM.

6. BeiBOAbI NO paboTe.

TECTOBbIE 3AAAHUA K PABOTE 9 (Lr 36)

1. Ykaxknte Ha3HadeHue AL|[.

o  [nsa npeobpazoBaHus KOAOB

o) Ans npeobpa3oBaHns undpoBoro  Koga N B
NPONOPLIMOHA/IbHOE aHANI0roBoe 3Ha4YeHne HanpshxeHust LU N)

o [Onsa npeobpasoBaHms MOCTOSIHHOrO _  HAaMpsHKEHUS,
3a[1laHHOrO Ha TaKTOBOM MHTEpBase, B ABONYHbIN KOJ

o [Ans npeobpazoBaHus MHGOpMaLMM U3 NOCNeA0BaTENBHOM BO
BPEMEHM (opMbl NPeACTaBAeHNs B NapannenbHyto hopMy

2. Ykaxute d¢opmyny KoTenbHMKOBA, C TMOMOLLbIO KOTOpOW
onpeaensaroT War AMCKpeTu3aumm At aHanoroBoro curHana.

OA[-S 1/2fm O AL 1/fm OAtS tsx/2N+1O A< tB)JZN-Z

(/m» — MakcMMarnbHasa 4yacTtoTa CreKkTpa aHanoroBoro CUrHana; fex —
ASIMTENbHOCTL aHasoroBoro curHana; N — 4ucno ypoBHEN
KBaHTOBAHWS)

3. Onpefenute  noHsTve  "abGcontoTHas pa3speluaroulas
cnocobHocTb” ALIIM.

O  ITO YWC/IO YPOBHEW KBAHTOBAHMS, AENEHHOE Ha KONIMYECTBO
pa3psiA0B BbIXOAHOMO KOAa

o  DTO Haubonbllee 3HaYeHNe OTKIOHEHWS aHAIOrOBOro CMrHana
OT PaCYETHOro

O JTO cpeaHee 3HaUYeHME MUHUMAJSIBHOMO WU3MEHEHWUSI BXOAHOrO
curHana, o6ycnaBNnMBAOWEro YBE/IMYEHME WM  YMEHbLUeHne
BbIXOAHOI0 KOAa Ha eaAnHULY

O  3T0 BpeMs npeobpa3oBaHMsi OTCYETA BXOAHOIO CUMrHasa

4. YKaxute, MOXXHO N1 noaasBaTb Ha BXoAbl Vrier+ U Vier- ALIIT pa3Hble
(Nno Moay o) HanpsHKeHns?

o/la O Het

5. YKaxuTte, MOXHO /i1 CBECTU K HYJIO MOrpeLHoOCTb KBAaHTOBaHUA
aHaNoroBoro CUrHasa nocpeacTsoM Bblbopa MapamMeTpoB YCTPOWCTBA,
HanpuMep 3a CYET yBenuyeHns paspsagHoctn ALM?

ola O Hert
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6. YKaXunTe, Kakyld MOrpewHOCTb KBaHTOBaHMS MMeeT 8-pa3psiaHbii
AUM npn HanpseHnsax Ha BXodaX Vie+ = 2 B, Vier = 0 M OTCUETE
BXOAHOIO HANPSHKEHNS Usd KAL) = 1 B?

0+4,15MB 0+3,91 MB O +3,15MB 0+2,25MB 0+1,95 MB

7. YKaXUTe AECATUYHbIA 3KBUBAJIEHT [ABOMYHOrO KOAA Ha BbIXOAe
8-paspsagHoro AL, ecnn onopHble HanpsXeHUs Vief+ = 2 B, Vier- = -2 B, a
BXOAHOE HarnpshkeHue Usx = 0,5 B.

A48 032 ol6 08

8. Boibepute ©3 MpMBEAEHHBIX HMXKE 3HAYEHUA MUHMMASIBHO
HeobxoaMMble  3HAY€HMSI OMOPHbLIX HAMPSHKEHUN  +Vier ans
npeobpazoBaHNst CUHYCOMAANBHOIO HANPSHKeHNS Usd £) = = 1,41sinwt.

ofl B ot2 B o 3B o #48B 015B

9. YKaxxute 3HayeHne pacyETHOro WwecTHaguaTepuyHoro koaa 16-
Ba3p$|LI,HOFO AL, ecnn Ha ero BXoA4 NOAAHO HanpshkeHue Uz kAf) = 0,25
Npu tVier = +2 B.

0 1000 O FFF o 10000 o FFFF o FFA

10. YKaxuTe BblpaXxeHue, C TMOMOLWbID KOTOPOro onpeaensioT
AECATUYHbIN 3KBMBANEHT ABOMYHOIO KoAa Ha Bbixoae 14-pa3psaHoro AL

oD= 256U5x/(Vref+ + | —Vref- | ) oD= 16384U5x/(vref+ + | —Vref- | )
oD= 4096U5,\//(Vref+ + | —Vref- | ) opD= 655366UB)/(Vref+ + | —Vref- ‘ )

11. YKaXuTe, Kak U3MEHUTCS BbIXOQHOM KOZA AU npy HensMeHHOM
BXOAHOM Usx U onop)Hblx HanNpsXXeHUsX Vierr = 2 B U Vierr = -2 B, ecin
YCTAHOBUTb Vrer- = 07

o Ero 3HayeHune ymeHbLUNTCA B 2 pa3a o He nsmeHuTCH

O Ero 3HaueHue yBenmuntcs B 2 paza  OCMEHMUTCS Ha MHBEPCHbIN.

12. VYKkaxute xapakTep M3MEHeHWs ob6weld norpewHoCcTn
npeobpazoBaHNs BXOAHOIO CUrHasna npu yeenndeHnn paspsagHoctu ALLM.

O TlorpelwHocTb Npeobpas3oBaHns YMEHbLUNTCSA O He nsameHutca
ollorpeluHoCTb Npeobpas3oBaHns ysennuntca oOHeT npaBuibHOro
oTBeTa

13. Ykaxxute nepcnekTvBHble HanpaBneHus pa3sutnga ALIM.

] ToBbllWEeHNE ObICTPOAENCTBUSA OCHOBHbIX Yy3noB AL, B
4YACTHOCTU, KOMMapaTopoB
1 YBenuyeHue 4actoTbl reHepaTtopa TaKTOBbIX UMIMY/IbCOB

(] [MpnmeHeHne CTa6VIJ'IM3MpOBaHHbIX NCTOYHMKOB OlMNOPHOIro
Harnps>»XeHu4d

1 YMeHblueHMe paspsiaHOCTU npeobpasosaTtens HanpshkeHue-
koa (no 4...6)

] Wcnonb3oBaHWe MUKPOMpPOLIECCOPOB B Npeobpa3oBaTensx

14. YkaxunTe, Kakne onepauyum HeobxoanuMo BbIMNOMHWUTL NMPWU aHanoro-
uncpoBoM npeobpazoBaHUm?

O OrpaqueHme YPOBHA WU AUNCKPETU3aAUUIO MO  BPEMEHU
aHanoroBoro curHasa

o TaKTUpyeMoe  WHTErpuMpoBaHME BXOJHOrO CUrHana W
CpaBHeHWe Moy4YeHHOro pesynbTaTta C 3TaJIoHaMu
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AVCKpeTM3aLmMilo MO  BPEMEHW  a@HaNOroBOro  CUrHana,
KBAaHTOBAHMS MO YPOBHIO €ro OTCYETOB M  KOAMPOBAHME
KBAHTOBaHHbIX YPOBHEN

o [OucKkpeTuzauuio NOo  BPEMEHM  aHasoroBoro  CUrHana,
KBaHTOBaHMeE Mo YPOBHIO ANd noaayn Ha sxog LIAT
15. VYkaxuTte, obnagaet nm crnocob nocneaoBaTeNbHOro CYETA
aHanoro-umgpoBoro npeobpaszoBaHnst HaMbObLIMM BbICTPOAENCTBUEM?
o [la OHeTt

JlabopaTtopHas pa6orta 10 (Lr 37)
OMTO3JIEKTPOHHbIE MPUBOPbLI U YCTPOMUCTBA
LLEJ1b PABOTbI

O3HaKoMNeHWe C MpuHUMNaMM paboTbl M UCMbITAHWE CBETOAMOAOB,
(boToTpaH3ncTOpa, CTONBUKOBBLIX MHAUKATOPOB U JIMHENKM CBETOAMNO/OB.

TEOPETUYECKWUE CBEAEHWUA U PACYETHBIE ®OPMY/1bl
1. OBLLUUE MNMOJIOXXEHUA

MpuHUMN AENCTBUSI NONTYNPOBOAHWUKOBLIX O/TTO3/IEKTPOHHBLIX NPUH0OPOB
OCHOBAH Ha MCMOJSIb30BAHUWN 31EKTPOMAarHUTHOrO M3y4YeHUst oNnTUYEeCKoro
AvanasoHa ans nepegayun, ob6paboTtkm unu otobpaxeHns nHgopmaumn. B
CEMENUCTBO  NPUOOPOB  HEKOrEPEHTHOM  OMTO3/IEKTPOHWMKUA  BXOAAT
nsnyyarowme ceetoanonbl, UMPpobyKBEHHbIE WHAMKaATOpbl (aucnnen),
Pe3nCTOpHble, AMOAHbIE, TPAH3UCTOPHblE, TUPWUCTOPHbLIE OMTOMapbl W
ONTO3/1EKTPOHHbIE UHTErPasibHble MUKPOCXEMDbI.

Onrornapoysi Ha3blBaloT Npubop, COCTOSWMA U3 U3NY4YaloWero U
(POTONPMEMHOIO 31EMEHTOB, MeXAy KOTOPbIMU MMEETCS ONTUYecKasi CBS3b
n obecriedyeHa asnekTpuyeckas wulonaums. B pesncTopHoM onTonape B
KayecTBe (OTONPUEMHOro 3MeMeHTa ucnosnblyetcs dgoTtope3nctop (puc.
37.1, @), B AMOAHOWN, TPAH3UCTOPHOM U TUPUCTOPHOM — COOTBETCTBEHHO
doTtoaunon, doToTpaH3ucTop u potoTnpuctop (puc. 37.1, 6-).

(sz:;[:]> (227 ) (sz:;lf\:) (g3 %)

0)

Puc.37.1

B ONTO3MEKTPOHHbIX MWHTErpasibHbiX MWUKPOCXEMAX OCYLLECTBSAETCS
ONTUYECKasi CBA3b MeXAy OTAENbHbIMM Y3M1aMW WM KOMMOHEHTAMKU C
Lefblo M30nauun UX Apyr ot Apyra (ranbBaHuWyeckas passsi3ka). B 3Tux
MMC, npeactaBnsowmx cobow rubpuaHblie MOAyan C KomnapaTopamu,
CYETUMKaAMK, AewmndpaTopaMM M WHAMKATOpaMK, KPOME W3nyyaTens u
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poTOnNpuéMHNKA,  COAEPXKMUTCA  YCTPOMCTBO  06paboTkM  curHana,
nony4aeMoro ot oToNpMEMHMKA, B YaCTHOCTW, YCTPOWUCTBO COracoBaHus
ONMTUKO-3M1EKTPOHHOI0 TpakTa ¢ normyeckummn MMC no ypoBHSM CUrHanosB,
6bICTPOAENCTBUIO, DYHKLIMOHANbHBIM NapaMeTpam [5].

B coctaB 6ubnmotek nporpaMMHon cpeabl MS10 BXoAsT cneaylowme
ONTO3/1EKTPOHHbIE NPUBOPHI:

e CBETOANOAbI Pa3HbIX LIBETOB, B TOM YuMC/e ABYXLUBETHbIE;

e TPAH3MCTOPHbIE oNTonapbl U MIMO6PUAHLIE MUKPOCXEMBI;

e 7- N 16-cerMeHTHblEe AMOAHbIE AUCMNEN;

e JINHENHbIE WKanbl (JIMHENKM N3 AECATU HE3ABMCUMbIX CBETOAMOAOB, B
TOM 4ucre co BCTpoeHHbiMK ALLM) n ancnnew.

2. CBETOAMOADbI

CsBerognogel — 3TO  W3Nyyalowme nonaynpoBOAHMKOBbIE  NpubOopSI
(MHAMKaTopbI), npeaHa3HayeHHbIe ANs HenocpeaCTBEHHOro
Npeobpa3oBaHNsi 3MEKTPUYECKON 3SHEPrMM B 3SHEPTUKD HEKOMEPEHTHOMO
CBETOBOM0 U3Ny4YeHus.

B ocHOBE (YHKUMOHMPOBAHMS CBETOAMOAOB NIEXUT  SIBIeHME
npeobpa3oBaHNe  3N1EKTPUYECKON  3HEPrMM B 3M1IEKTPOMarHuMTHoe
N3NTy4eHNe, CNEeKTP KOTOPOro MOSIHOCTLIO MM YAaCTUYHO JIEXMUT B BUANMOW
obnacti, aAvanasoH ANMH BOMH KoTopou cocTtaenset 0.45..0,68 MkM.
CeeToamoaHas CTpyKTypa npeactaBnsieT cobow p-rFnepexod, B KOTOPOW
Npyv MNpPOTEKAHUN MNPSIMOrO TOKa B HECKOSIbKO MunnvaMnep B 0benx
obnactax nepexoga NPOUCXOAUT  PEKOMOMHAUMS  MHXXEKTUPOBAHHbLIX
3NIEKTPOHOB M AblpOK, HO Haubonee 3¢ddeKkTMBHOE npeobpa3oBaHue
MHXXEKTUPOBAHHBIX 3/1IEKTPOHOB B CBETOBYIO SHEPIrMO NpOTEKAeT B 6a30BOM
p-obnactu.

MaKkcuManbHOe 3HAYeHWe 3HepruKn, KOTOpPOoe MOXET BblAeNUTbCA Npu
PEKOMOMHAUMKW,  paBHO  LUMPUMHE  3afpeléHHOM  30Hbl  [AaHHOro
MoNynpoBOAHMKA. B nMonympoBOAHMKOBLIX MaTepuvanax C  LUMPUHON
3anpeLlEHHOM 30Hbl MeHee 1,8 3B MoXeT BO36y>aaThCs U3NyYeHUE C [MHOM
BOSIHbI 6051ee 0,7 MKM, KOTOpPOE NeXUT 3a npeaenamn AnanasoHa A/IMH BOSH
BMAMMOro cBeTa. Mo3TOMy OCHOBHbIMM MOJTYNPOBOAHMKOBLIMM MaTepuanamy,
NMPUMEHSIEMBbIMA AN U3rFOTOBSIEHMSI CEPUMHBLIX CBETOAMOAOB, SIB/SIKOTCS
dochuna rannms (GaP), TBEpable pactBopbl GaAsP, GaAlP n kapbua KpemMHus
(SiC) ¢ WwKnpmHOM 3anpeLLEHHON 30HbI bonee 2 3B.

BakHeMwen XapakTepuCTUKOW CBEToAMOAdA SIBNSIETCH  SAPKOCTHas
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xapaktepuctuka B I), rae B — 9pKoCTb CBETQ, B KOTOPOW MCMOJb3YETCS
NMHENMHbIK  ydacTtok (puc. 37.2, &). HOMWHanbHblE TOKU CEPUMHbIX
cBeToanonoB Ip = = 2..20 MA, npu npsiMoM M 06paTHOM
HanpsxeHusix 2...3 B (Uogp.max < 5 B).

CeeToamoabl pasHbIX LBETOB, KaK U BCE CBETOM3My4alome npmbopsl B
YCTPOMCTBax 0TobpaXKeHMsl, NICNONb3YIOTCA ANS BU3YabHOrO OTOBpaXkeHms
nHpopmaunn. CBETOANOAbI C 11EPEMEHHBIM LIBETOM cBeYEHMS (3apybexHble
LTR293, oteudectBeHHble AJIC331A wn pap.) coaepxaT B Koprnyce [ABa
CBETOM3Ny4YaloWwmx p-74iepexoaa, OAMH U3  KOTOPbIX WMEET pe3ko
BbIP@XEHHbIN MAKCMMYM  CMeKTPanbHOW XapaKTEPUCTUKNU B  KPaCHOW
nosoce, ApyroM — B 3enéHou. [pu COBMeCTHOW paboTe p-r71epexonos
LBET WM3/Ty4eHMs CBETOAMOAA 3aBUCUT OT COOTHOLUEHMSI TOKOB 4Yepe3 3Tu
nepexogbl. OHW MOryT CAYXUTb WHOMKATOPAaMN W3MEHEHUS TOKOBbIX
PEXMMOB B 3/IEKTPOHHON LIENW.

Ceetognoabl obnagalOT psgoM  MpeuMmylecTs: Masnble rabapwuTbl,
HU3KOE HanpspkeHne nuTaHus, Habop pasnYHbIX LIBETOB CBEYeHUs,
60MbLLION CPOK CNYX6bl N Ap., MO3TOMY C YCNEXOM MCMOMb3YHOTCA B CXEMaXx
MHAMKAUUWN BKJIKOYEHMS], TOTOBHOCTU K paboTe, HanuMuusi HanpsKeHus B
6noke, aBapuMHON CUTyaLUUW y3na U B APYrMx CXemax, XOpOoLIO COrnacysicb
MO 3NEKTPUYECKMM MapaMeTpaM C MNOAYNpOBOAHUKOBbLIMK MpubopamMu u
MUKpocxeMaMu. [psiMoe nageHue HanpsbkeHnst 6MbnuoTeudHbIX AMoAoB
paBHO 1,5 B, ogHaKo BHYTpeHHEe COMnpoTMBIEHME B MOAENSAX CBETOANOAOB
NPUHATO PaBHbIM HYJIIO.

B npakTnyeckux UensiXx CBETOAMOAbl 4acTO OObEAMHSIIOT B eAMHbIN
Habop U3 AecaTn 3NeMeEHTOB, 06pa3ys TakK Ha3blBAEMYIO JIMHEUHYIO LLIKATY
WU JIMHEVIKY HE3aBUCUMbIX CBETOANOAOB.

3. ®0TOAMNOADbI, ONTPOHDbI, NPOBHUKWN, ANCIJIEN

dorognoq — 3TO NONYNpPOBOAHVMKOBLIA NpUBOp C  p-N-H1EPEXOAOM,
06paTHbIM TOK KOTOPOro 3aBUCUT OT ocBelleHHOCTU @ (puc. 37.2, 6). Mpu
MOrNoOLWeEHNN KBAHTOB CBETA B pP-/-Nepexofe Win B Mpuerarwmx K Hemy
obnactax Kpuctanna nosynpoBoAHMKA 0O0pasyloTCa HOBble HOCUTENU
3apana (napbl 3NeKTPOH-AblpKa), NO3TOMy 06paTHbIN ToK (hOTOTOK) Yepes
doToamon npun oceeweHmn Bo3pactaeT. C yBenM4YeHMeM CBETOBOIrO NMoToKa
@ conpoTMBneHne nepexoda YyMmeHbwaetca (puc. 37.2, B). [pubopsl,
npeaHa3HadeHHble AN UCMOJSIb30BaHUA 3TOr0  SABJIEHUS, HA3blBaKOT
@goropesucrtopamy, a TPAH3UCTOPbl W  TUPUCTOPLI, pearnpylowmne Ha
a(pdekT 06nyyeHnss CBETOBbLIM MOTOKOM W CrocobHble OAHOBPEMEHHO
ycunmeaTb (POTOTOK, Ha3blBAlOT COOTBETCTBEHHO (@OTOTPAHINCTOPaMU W
@goToTupucTopamm.

JmogHble  OfTPOHbl — 3TO NpUBOpbI, COCTOALIME W3  OMTUYECKU
CBA3AHHbIX Mexay cobol 3/1eMeHTOB OMTPOHHOM napbl (ynpaBisiemMoro
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cBeToamoaa n NpUHUMatoLLero n3nyyeHue doToanoaa) n
npegHasHayeHHble AN BbINOMHEHUS (YHKUMOHASMBbHBIX 3MEKTPUYECKUX U
ONTUYECKNX npeobpasoBaHuii. Ha pwuc. 37.2, r u3obpaxeHa cxema
AVNOAHOrO OMTPOHA C BHYTPEHHEW NPSAMOM OMTUYECKON CBA3bIO. VI3MeHeHne
BXOAHOrO ToOKa [z 4epe3 CBeToano COMpPOBOXAAETCS W3MEHEeHWeM
SAPKOCTU €ro CBeYeHMS N U3MEHEeHMEM OCBEeLLUeHHOCTU doToamnoaa, 4TO
NPUBOANT K YMEHbBLLEHWUIO COMPOTUBIIEHNS POTOAMOAA U COOTBETCTBEHHO K
YBEIMYEHWNIO TOKA Jz.ix YEPE3 BbIXOA ONTPOHa (puc. 37.2, 4).

Ba)kHbIM CBOMCTBOM TaKOro OMTPOHa SIBNISIETCS MOJSIHAS 3NeKTpuyecKas
pa3Bsi3ka BxoAa W BbIxoga npubopa, 4YTO WUCKIOYAET 06paTHYIO
3NEKTPUYECKYIO CBA3b C €ro BbIXoAa Ha BXOA.

AncdaBuTtHO-UMpPOBbIE 7- U 16-CErMeHTHbIE ANCIT/IENM N PA3HOLBETHbIE
Jiorn4eckue  rpobHuKYM LUMPOKO WUCNONb3YTCA MNpyU  MOAENMPOBaHUM
LUMbPOBbLIX YCTPOUCTB. HanpshxeHune cpabatbiBaHns 2,5 B npobHMKOB
COOTBETCTBYET MUHMMAJIbHOMY 3HAUYEHWIO CUIHana JIOrMyeckom eavHuULpbI
uncpposbix UMC TTJ1-cepun (¢ nutaHmem 5 B). MNMpobHWkn He noTpebnstoT
TOKa, MO3TOMY He OKa3blBalOT BO3AENCTBME Ha (PYHKLIMOHMPOBAHUE CXEM.

BubnunoTeuHbln  Hegelwm@pupyrowmyi - CTO/IBUKOBBIM — MHAMKATOD
npeacraesnsetr cobov Habop M3 OecsaTM OMOAOB, aHANOMM4YHbLIA Habopy
CBETOAMOAOB, HO OT/IMYAETCA OT Hero no psagy napameTpoB. Bo-nepsebix,
avoabl 06nagatoT BHYTPEHHMM COMPOTUMB/IEHMEM, BO-BTOPbLIX, OHU TpebytoT
TOKa 5 MA, YTO cnegyeT yuuTbiBaTh NMpu MPOEKTUPOBaHMN CXeM. TOK vepes
KaXkabIi AMOA MOXET NPOXOAUTb B 060MX HanpaBfeHMsIX NpU OTCYTCTBUM
Ha HUX nNpaAMOro najaeHus Hanpskenus B 1,5 B, XxapaktepHoro Ans
ceetognoaoB.  OfgHakoO  Kaxablh  avoa  obnagaeT  BHYTPEHHUM
conpotuerieHeM 500 OM 1 xapakTepusyeTcsl MOpOroBbiIM 3Ha4YE€HMEM TOKa
(5 MA), HMXXe KOTOpOro COOTBETCTBYIOLWAS YepTa B npubope He CBETUTCS.
Kak conpoTuBneHvMe AnoaoB, TaK M MOPOroBbil TOK MOXHO M3MEHWUTb B
AMANoroBoM okHe npubopa.

B 6ubnunoteke cpeabl MB10 pa3MelleHbl TaKKe dHa/IoroBble CTO/IOUKOBbIE
MHANKATOPsI C OOHUM  QHANoroBbIM BXOAOM. bnarogapss BCTPOEHHbIM
NOTMYECKMM CXEMaM WHAOMKATOPbl MpeobpasyloT aHanoroBbld CUrHam B
LEeCaTb UM@POBLIX CUrHAMNOB, KOTOpble OTOOpaXaktoTCs B YpPOBEHb CTONOMKA
Ha CBOMX AuCrnesx.

BonbLion BbIGOp MHAMKATOPOB CUrHANOB M ONTO3/IEKTPOHHbLIX NpMbopoB
nporpaMmMHoOM cpeabl MS10 npuaaéT HarnsigHOCTb, KPaCOYHOCTb W
AVHAMUKY 3KCNepuUMEeHTa, 4YTO AO/MKHO Bbi3BaTb WHTEpec CTYAEHTOB K
NpOBEAEHUIO 3KCMEPUMEHTOB WU crnocobcTBoBaTb 6bonee  rnybokomy
OCMBIC/TEHMIO MPOLIECCOB, MPOUCXOAALMX B 3NEKTPOHHLIX npubopax wu
YCTPOWCTBaXx.
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YYEBHbIE 3AJAHUA U METOAUYECKUE YKA3SAHUA
K UX BbINMOJIHEHUIO

3apaHue 1. 3anycTtuTtb nabopaTtopHbii koMnnekc Labworks n cpeay
MS10 (WENKHYB MbIWbD Ha KOMaHAe JKCMEepUMEHT MEHI0 KOMMJeKca
Labworks). OTkpbITb hainn 37.3.ms10, pa3mewéHHbii B nanke Circuit
Design Suite 10.0 cpeabl MS10, unn cobpatb Ha paboyeM none cpeasbl
MS10 cxeMy uHauKaumm COCTOSHUS Bbixoga Jsiorndeckoro s/iemeHTa U-HE
(NAND) (puc. 37.3)  YCTAHOBWUTb B ANASIOrOBbIX OKHAX KOMMOHEHTOB MX

R1 2
VCE 2000} 565, LTL-293SJW
Y, Key=A VI
. b kY
Al t VD2 EZX
— N H R2
2001
-\.I.- R3
X1 X2 X3 Az Umi}ﬂ
i :
Key = Space 745370
Puc. 37.3

napameTpbl unn pexuMbl paboTbl. CkonupoBaTtb cxeMmy (puc. 37.3) Ha
CTpaHuULy OTYéTa.

3anyctutb nporpamMmy MogenuposaHus anemeHta NAND c
WMHAVKALMEN ero COCTOsSIHMS! NMOCPEACTBOM ABYXLBETHOrO cBeToanoaa VD1,
ceetoanoda opaHxesoro useta VD2 u npobHukoB X1, X2 u X3.
3aMKHYTb K04 Space/ Tak kak Ha oba Bxofa anemeHta NAND nogaHa
nornyeckasas 1 (npobHukn X1 mn X2 cBeTATCs), TO Ha ero Bbixoae
dopmupyetca  norndeckmt 0 (nNpobHMk X3 He 3acBeUYMBAETCH, a
ceetoamoabl VD1 n VD2 cBeTATCA, TaK KakKk Ha WX aHoAbl NoAaHo
HanpsbkeHne 5 B oT ucrtoyHmka VCC). lNpu pasmbikaHMM Koya Space Ha
Boixoge 3nemeHTa NAND dopmupyetcs normdeckas 1, nosTomy
ceetoamoabl VD1 n VD2 wn npobHuk X2 racHyT, a npobHuk X3
3acBeynBaeTcs.

N3mMeHaa conpoTtuBneHne noteHunomeTpa R1, onpegenntb C
nomowbio  amnepmetpoe Al 1M A2 TOKKW, NpoOTeKawwme uyepes p-i-
nepexoabl ceetoamoaa VD1, npu KOTOPbIX U3/Ty4aeTCs KpacHbIM CBET, 0ba
nepexoAa racHyT M HAUMHAET U3/Ty4aTbCs 3€NEHBIN CBET.
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3apgaHme 2. OTkpbiTbh ¢ain 37.4.ms10, pasMeLWEHHbIN B Marnke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha pabouem none
cpeabl MS10 cxeMy AN WUCMbITaHUS  @OTOTPAH3NCTOPA C OTKPbITbIM
ONTUYeCKuM KaHanoMm (puc. 37.4) 1 YCTAaHOBUTb B AMANIOrOBbIX OKHAaxX
KOMMOHEHTOB MX MapaMeTpbl UK peXxuMbl paboTbl C YYETOM NpUBEAEHHbIX
Ha pUCYHKe Koa(duumeHToB Mogenu  doTtoTpaH3uctopa MCT6.
CkonupoBaTtb cxeMy (puc. 37.4) Ha CTpaHMUy OTYETa

fé‘blx %
R'I_r R2 = K MODEL dmadel d

s —— A2 | 1Y 57% #15=1.7158%-12 FIS=1.65526 N=1.97764 XTl=4
Sk 67%  2.8k0) lf x Key-B +EGi=1 52495 CJ0=1.800012-11 WI-0.75 M-0 5 FC-05

Key=A m MODEL gradel npr

R4 +5=1e-09 BF=1000 MF=1.00343 VAF=77 4232
[]'Ikﬂ +KF=0.0180531 15E=1e-08 ME=3.36172 BR=0.1

_ +MRA=1.5YAR=1.09778 IKR=0.180931 150=9,99233=-14
VD1A +NC=2 00276 RE=10 IRE=0.2 REM=10

E"+ ] +RE=4 5755 RC=100XTE=0.1XT|=2 75389 EG=01
2V V1 N E2 +CJE =3, 7676212 VJE=0.4 MJE=0.180467 TF=1.00004=-09
<>+ +¥TF=1¥TF=10ITF=0.01 CIC=1.96601.-11
V2

} 1106 | MCT6 30V /=0 533953 MIC=0 415331 XCIC=0.9 FC=05
Al - +TR=1e-07 PTF=0 KF=0 AF=1
a723m ] U max= 74 B, I max = 16,98 s
hg14=1000; Rg =10 Om; R 4= 4 58 Ow;
Ry= 100 Om
o Puc.37.4

3anycTtutb nNporpamMMy MOAENMPOBaHUS, CHATb W MNOCTPOMUTb
NepexoaHyl0  XapakTepuctuky  Ilax(lsx)  oOTOTpaH3uctopa  MCT6,
onpeaenutb KodPUUMEHT nepedaun Toka K =  Ieflex W
anddepeHumnanbHbii KO3MMOUUNEHT nNepeaayn Toka Ky = Alsuf Alsx.

3apaHme 3. OTkpbiTb ¢an 37.5.ms10, pasMewEHHbIN B Manke
Circuit Design Suite 10.0 cpeabl MS10, nnn cobpatb Ha paboyeM none
cpeabl MS10 cxeMy ANns UCNbITAHUS TPAH3UCTOPHOro ontpoHa (puc. 37.5,
d) N YCTAaHOBUTb B MANIOrOBbIX OKHAX KOMMOHEHTOB WX MapamMeTpbl Uan
pexumbl pabotbl. CkonupoBaTb cxeMy (puc. 37.5) Ha cTpaHuuy OT4YéTa.

C nomoupto cxembl (puc. 37.5, d) CHATb M NOCTPOUTb AMMNTYAHO-YacC-
TOTHYIO XapaKTEPUCTUKY MO HanpskeHWo Ky = Usl(Usx), Usx = 1 MB
TpaH3UCTOpHOro onTtpoHa (dotoTpanH3ncropa) MCT6.
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OnpenennuTb BEPXHIOKD PaHULY fz MOMNOCbI MPOMYyCKaHUs CUrHana wu
CPaBHUTb €€ CO 3Ha4YeHMeM, MNoJlyYeHHbIM C noMoLblo nioTTepa XBP1 Ha

ypoBHe 1/+/2 oT koadduumeHTa K, Ha IMHENHOM yyacTKe XapaKTepuUCTUKH

R3_r XBP1
R FZ . 1kQ2 57% —¥
5k} 67% 2.8k Key=B R4 W ouT
Key-A 161m | o | le%5 872
C1,2uF | 1
I J |I .
VD1A c2'lsuF
E1 H R7 _ V2
C>+ 10001 V1 N
24V m
- V3 1.096m | MCT6 E2 RS
C)w A 4 10k
10mVyrms R6 1 3 C)_SII} W
1kHz m 504 | T 10uF
00
- =
w hhade
hiagnitude Phase
Horizontal “wartical
l—— Lag Lin Lag Lin
&) —\ Fli MHz 400
| 1o Hz o
Contrals
Rewerse Save Set...
4= | 63.096 kHz 166 695253 + +(7 In - 4 Out 7 -
Puc.37.5
(puc. 37.5, 6).

3apaHme 4. OTkpbiTb ¢ain 37.6.ms10, pasMeLlEHHbIN B Manke
Circuit Design Suite 10.0 cpeabl MS10, unu cobpatb Ha paboueM none
cpeabl MS10 cxeMy ana aeMoHCTpauun paboTbl #HamkaTopos (MPoOHNKOB,
avcnnes, nvHeek) (puc. 37.6) M YCTAaHOBUTb B [MANIOrOBbIX OKHAax
KOMMOHEHTOB MX NapaMeTpbl NN pexxuMbl paboThbl.

B cxemy (puc. 37.6) BktoYeHbl NpobHukn X1, ..., X10, 7-cerMeHTHbIN
aucnnen DCD_HEX, Heaewndpupylowmn CcToNnbmMKoBbIN - MHAMKATOP
BARGR, aHanorosbit crtonbuk LBARGR, nuHelka u©3  pgecatu
He3aBucuMbIX ceetoanonos LED4, uctouHmkn nutanmsa E1, E2 n VCC,
normyeckmn aHanuzatop XLA1, nepekntodatenm 1, ..., 4, cyétumk CT,
fewmndppatop DC 1 apyrme KOMMOHEHTDI.

Ha pwuc. 37.6 3auKcMpoBaHO COCTOSIHME WMHAMKATOPHLIX YCTPOWCTB
nocne nogadn ceabMoro TakTOBOro MMMynbCa C reHepatopa E1 Ha Bxopg
cyétunka CT: paspsgHble curHanbl (kog 0110) Ha Bbixoge CYETUMKA
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Bbl3Ba/IM WHAMKaUMO undpbl 6 Ha 7-cerMeHTHoOM aucnnee DCD_HEX,
¢opmmnpoBaHMe Ha Bbixode AewudpaTtopa DC nornyeckoro Hyns TONbKO
Ha nMHUKM Q6. [o3TOMy He 3aceBeumBaloTCa MpPobHWK X7 U ceabMble
NosIOCKN B cTtonbmnkosoM anoaHoM mHankatope BARGR 1 B cBETOAMOAHON
nuHenke LEDA4.

[ns peMoHcTpaumn paboTbl MHAMKATOPHbLIX YCTPOMCTB B OAMHOYHOM
PEeXMME HY>XXHO Pa3OMKHYTb K/l04 Space, HabpaTtb C NOMOLbIO KoYen
1, ..., 4 mobon kog (ot 0000 o 1111) n mogaTb ero Ha c4étumk CT.

<
VeC ” d_;_, cT X9 E% X5 w3 X1
%GV ey = Space .
—1"—=:rt_%a§.n DCD_HEX 0 i | ¥z
| L EBT oo (L 1] i i i

ELLYIEC
on
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HamE
=
4

‘ | o 2
i 10
11 11

T4HC161D_6V

LBARGR

Puc. 37.6

B cxeme (puc. 37.6) aHanoroBbin ctonbmk LBARGR noakntoveH K
MCTOYHUKY CUHycomaanbHOro Hanpsbkenus E2 ¢ amnnutygon 34C &£ =
14,14 B. lpn ™MoaenupoBaHMM MOKasaHWe wHAMKaTopa (nepemMelleHue
yepToYeK CHM3y BBepX M 06paTHO) WM3MEHSEeTCSs B COOTBETCTBUM C
OTCYETAaMM  CUHYCOMAANbHOrO  HanpsxkeHusa.  MUcxoAaHble  3Ha4veHus:
HanpshkeHne 10 B n BHyTpeHHee conpoTtmBneHne 500 OM aHanorosoro
ctonébvka LBARGR MoOryT 6bITb U3MEHEHbI B €ro AMasioroBOM OKHe.

Mpu BKAOYEHUN B CxeMy JsmHevik LED4 13 BOCbMU HE3aBUCKMMBbIX
ceeToamonoB (CM. puc. 37.6) nocnenoBaTeNlbHO C KaXKAbIM CBETOAMOAOM
6bIM BKITKOYEHBI pe3ncTopbl ¢ conpotmeneHnam R = 200 OM, 3Ha4veHus
KOTOPbIX OnpeaenieHbl, Ucxoas M3 rnapamMeTpoB CBETOAMOAOB (Ha KaXaoM
CBeToAMOAEe MNafleHue HanpshxeHus paBHo 1,66 B npy HOMMHaNbLHOM TOKe
15 MA) M Hanps>XeHWA Y3M0B CXEMbl, KyAa BKJIOYEHbI CBETOAMOADI
NTMHENKMN.

BpeMeHHble AnMarpamMmbl BbIXOAHbLIX CUrHanoB Aewmndpatopa DC MOXHO
HabnoaaTe Ha 3KpaHe nornyeckoro aHanusatopa XLAL.

COAEP)XAHME OTYETA
1. HanmeHoBaHue n uenb paboTol.



YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BeruyucauTe/ibHAsA TEXHUKA

2. MNepeyeHb NpnbOpPOB, MCNOSIb30BAHHLIX B 3KCMEPUMEHTAX, C UX KpaT-
KUMWN XapaKTeEPUCTUKAMM.

3. N306paxkeHns 3N1EeKTPUYECKUX CXeMm ans NCMbITaHUS
OMTO3/1EKTPOHHBIX YCTPOUCTB.

4. Tabnuubl “ rpaduKM MNEpeXOAHOM U aMMIMTyAHO-YaCTOTHOM
XapakTepucTuK hoTOTPaH3MUCTOpA.

5. BbiBoAbl No paborte.

TECTOBbIE 3AAAHUA K PABOTE 10 (Lr 37)

1. Onpepgenute noHsTHe "onTonapa'.

o 3710 U3YYIOLLNIA NONYyNPOBOAHMUKOBBI npubop,
npeaHa3sHayvyeHHbIn ANs HemocpeacCTBEHHOro npeobpasoBaHus
3NEKTPUYECKON SHEPIUN B SHEPIUIO HEKOrEPEHTHOrO CBETOBOIO
N3ny4deHns

O OTO _NOMynpoOBOAHUKOBLIM MNpuMbop C  p-n-1EpeExXoaoM,
0bpaTHbIN TOK KOTOPOro 3aBUCUT OT OCBELLEHHOCTH

o J1o _npubop,  COCTOSILUMA M3  M3/yYalolWero U
(DOTOMPUEMHOrO  3N1EMEHTOB, MeXay KOTOpPbIMM  UMEETCS
ONTUYECKAs CBS3b

O 370 Habop M3 ABYX CBETOAMOAOB UM U3 ABYX (hOTOANOAOB

2. YKaXuTe 3HavyeHMs napaMeTpoB (npsiMoe HanpsxkeHue Uy,
NpsAMON TOK [y, BHYTPEHHEE COMpPOTUBNEHNE Rsr) NPU  HaMpsHKEHUU
nuTaHua 5 B oTHocsAwmecs:

d) K Mogesim CBEToaN0Aa nporpamMmmMHor cpedsl MS10:
0,66 B; 15MA; 2000M ©O1,5B; Ip=*; Rer=0 O Up = 0; 5 MA; 500 OM
6) Kk mogesm @oToanoaa rporpaMmmMHoy cpesdsl MS10:.
o 1,66 B; 15MA; 2000M ©C1,5B; Ip = ®; Rer= 00U, = 0; 5 MA; 500 OM
* — He onpeaeneHo.

3. Ykaxute HanpshkeHume cpabartbiBaHms moaenen npobHMKOB

cpenbl MS10 npu HanpshkeHnn nutaHusa 5 B.
o5B 045B o55B o025B 0158B

4. YKaxuTe MakCcMManbHoe umcno (B WecTHaauaTepuyHOM Koae),

KOTOpOE MOXET 0Tobpa)kaTb 7-CErMEHTHbIN ANCMIen?

o5 o7 o8 oC oF
5. Ykaxute, Kakylo (PyHKUMUIO peann3yeT aHanorosbii CTONOUMKOBLIN
MHOMKATOP?
o lNpeobpa3zoBaHMe aHANOroBOro CuUrHana B  AecsTb

LM(POBLIX CUrHANOB

o CurHanusauyss O COCTOSiHUM  BXOAOB W BbIXOAOB
AHanoroBbIX YCTPOUCTB

o _WHonkauus o cocTtosiHumM BXOOOB WM BbIXOAOB LMGPOBbLIX
YCTPOUCTB

o) N3mepeHne wn wnHAMKaumMs 06 YypOBHe aHanoroBoro
CcUrHana



YnpassieHue [UPPOBLIX 06pa30BaTENbHBIX TEXHOJIOTHUN

BeruyucauTe/ibHAsA TEXHUKA

6. VYKaxute, MOXHO /M BKJIKOMaTb CBETOAMOAbI JIMHEWNKN
cBeToAMOf0B LED4 6e3 orpaﬂquBaroml_llzlx TOK pe3ncTopoB?
o [la o Het
7. YKaXuTe, B/VSIOT JIN HaA PEXUM PpaboTbl 3/1EKTPOHHbLIX CXEM
noakntoyeHne K e€ ysnam bonee nAatn npobHMKos cpeabl MS107?

ola oHet

8. YKaxuTe, MOXHO 1M BKAKOYaTb CBEeToauMoAbl CTONOMKOBOro
nHagnkatopa BARGR 6e3 orpaHnyMBalowmnx TOK pe3ncTtopos?

ola oHet

9. YkaxunTe, KakoM dyHAaMeHTasbHbIi MPUHLUUN, AABJIEHUE JIEXUT B
OCHOBe (hYHKLIMOHMPOBAHMS OMTO3NEKTPOHHBLIX NpnubopoB?

o [epenayva 3NeKTPOMarHMTHbLIX BOSIH ONTUYECKOro Anana3oHa
Ha 6onblne paccTosiHUSA

o  SBneHne npeobpasoBaHMs  INEKTPUYECKON SHEpPrMM B
HEKOrEPEHTHOE =~ 3NIEKTPOMArHUTHOE  WU3JTyYeHUE  OMTUYECKOro
AManasoHa U sBNeHMe nNpeobpa3oBaHMsl  3NEKTPOMArHUTHbIX
BOJIH ONTMYECKOrO AnarasoHa B 3NIEKTPUYECKYIO SHEPIUIO

0 SBNEHNE _ KOFEPEeHTHOro  W3My4YeHnss noa  AEWCTBUEM
3MEKTPUYECKON SHEPTrUM
o SBNEHME UW3MEHEHUS CTPYKTypbl MOMYNpOBOAHMKA oA

NENCTBUEM SNTIEKTPOMArHUTHOIO N3TIy4eEHUA onTn4eckoro
AnarasoHa



