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IIpeguciosue
CerogHA MOXHO KynuUTb MOYTU Nt060OE 3/1eKTPOHHOE YCTPOMCTBO, B KOTOPOM BO3HWKaeT Hyxga. Ho
paanontobuTenn npegnoynTaloT Co34aBaTh YCTPOMCTBA CBOMMU PYKAMMU.

OHM BCE yvaule obpalaoTca K WMHTepHeT-noptanam B MNOMCKax roToBbix cxem. Ho He Bcerga
3ayMbIBalOTCA, Kak B TOYHOCTU paboTaeT cxema. To ecTb, NPUBAUIUTENLHO MOHATHO, Kak cobpaTb
YCTPOIACTBO, MOHATHO, YTO MOXHO OXUJaTb OT YCTPOKCTBA, a OCTa/IbHOE... KaK Noay4YuTCA.

Kak bbl cnefoBano NoAOMTM K BOMPOCY C MOEM TOYKM 3peHnn?
3anan Ha canT B pa3aen cxem, AaBaiTe Bbibepem cxemy Taimepa.

Celtyac MHe npuxoaut B TrON0BY TOJIbKO ABa NpuHUUNaA pa6OTbI Taﬁmepa, eCcinm  UCKNHYNTDb
mexaHun4yeckue YCTpOVICTBa, ﬂpOCTEﬁLLIEE N3 KOTOPbIX — 3TO NECOYHbIE YacCbl, XOTA A, BO3SMOXHO, YTO-TO
336bll'l, a 4YTO-TO U HE 3Ha/1 BOBCe.

I'nasa 1. 3apsaja KoHAeHcaTOpa

Ha npuHumMne 3apAaga KoOHAEHcAaTopa MOCTPOEHbl MHOTME CXeMbl TaliMepoB, BK/OYasA, Hanpumep,
Tanmep 555 — oueHb yao6Han 1M Xxopollaa MUKpocxema As1A NoCTPOeHUA U TaliMepoB, U reHepaTopos, U
psafa opyrMx yCTPOMCTB.

Tem He meHee, NpUHUMN PaboTbl TAKOro poda TalimMepa OCHOBaH Ha npolecce 3apaga KoHAeHcaTopa.
KaK 370 BbIrNaauT?
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Puc. 1. 3apag KoHAeHcaTopa

Ha npuseaéHHoi cxeme VG1 — 3To reHepaTop CTyneH4YaTon PpyHKLMKU, CUrHAA KOTOPOro N3obpaKéH Ha
HUXKHEeN anarpamme: yepes 1 Mmc HanpAXKeHWe Ha BbIxoAe CTaHOBUTCA cpa3y paBHO 5 B. Haw reHepaTop
NAEaNbHbIN U CPA3y, 3HAUUT CPA3Yy.

HanparkeHue Ha KoOHAeHcaTope AocTuraer makcumyma cnycta 30-50 mc. Pesnctop R2 cayxut ana
paspaga KoHAeHcaTopa Noc/e Toro, Kak npouecc paboTbl TaliMepa 3aBepLUnTCA.
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3apnAg, KoHaeHcaTopa Yepes pesucTop R1 nponcxoamT, TakMm ob6pasom, 3a HEKOTOpPOe BPEMSA, KOTOPOe
onpeaensaeTca BeMUNHON pesnctopa R1 n éMKocTbio KOHAEeHcaTopa. MpoBepyum 3To.

I''maBa 2. [IpoBepKa yTBepKAeHUA O BJIMAHUHU 3JIEMEHTOB Liel!
Mposepum BANAHUE HA NpoLecC 3apAaa KOHAeHcaTopa pe3nctopa R1. Ysenmnunm ero 3HayeHue B 10 pas
(n pesncropa R2 Toxke!).
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Puc. 2. 3apag KoHaeHcaTopa Npu yBenandeHnm conpotmuenenma R1

HanpAarkeHue Ha KoHAeHcaTope gocTuraet makcmmyma vyepes 300-500 mc. BepHEMm 3HauYeHme pesunctopa
K NepBoHa4a/ibHOMY, HO yBesininum B 10 pa3 3HauyeHMe EMKOCTU KOHAeHcaTopa.

Noname - TR result8 -

V1

T

o/
||
1

C110u

R2 100k

®aiin lNpaska Buwa Obpatotka [Momows

e d Bl el

T A~ O 3] 2l | 2D
A G~ O] s 2l | 4

4.53—
VF1 ]
0.00-
5.00
VG1 ]
0.00 T T T T T T T T T 1
0.00 100.00m 200.00m 300.00m 400.00m 500.00m
Bpema (s)

TR results | TR result? TR resultd

Puc. 3. 3apag KoHAeHcaTopa NpU yBennYeHU EMKOCTU KoHaeHcaTopa C1
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Anarpammbl MOXKHO 6b1N10 Bbl M He NOBTOPATb, OHM MOJIHOCTbIO COBMNAZAOT, HO NMPOBEpPKa — OHA U ecTb
npoBepka.

MTaK, BpemMma AO0CTUXEHUA MaAKCUMaANIbHOINo HanpAaXeHmA Ha KOoHAeHCaTope 3aBUCUT OT BeJIMYUHDbI
COMPOTMBAEHMA U KOHAEeHcaTopa. EcTb matemaTtuyeckana popmysna, NOKasbiBalollasa, YTO KOHAEHcaTop
3apAKaeTca Mo 3KCMOHEHTe, a BPeEMS 3apsaga 3aBUCUT OT NPou3BedeHUa CONPOTUBAEHUA Ha EMKOCTb
KOHAEeHcaTopa, KOTOPOE Ha3blBaeTCA MOCTOSAHHOM BpPemMeHW. 3a Bpemsa, PaBHOE 3TOM MOCTOAHHOMN,
HanpAXeHWe Ha KOHAEHCATOPE MEHAETCA B «e» pas, rae «e» - 3TO KOHCTaHTa, paBHaa NpmbansnTenbHO
2,72.

H

T Wl & [3]

Puc. 4. dopmyna 3apaga KoHaeHcaTopa C yepes pesmctop R

B dopmyne E — 310 3AC NCTOYHMKA HaNpPAXKEHUA.

I'nasa 3. 3apsajg, Aa, Hy a Aajbuie?

CobpaBs uenb M3 UCTOYHUKA HAMPSAMKEHWUSA, BbIKAOYATENS, PE3UCTOPA U KOHAEHCcATopa, Mbl, KOHEYHO,
eweé He noayymm Tahimepa. Ytobbl NONYUMTbL TaliMep, Mbl AO/XKHbI 3aDUKCMPOBATb MOMEHT BPEMEHM,
KOrga HanpsaXeHue Ha KOHAEeHcaTope AO0CTUIaeT HEKOTOPOMN BeNNUNHBL. TO ecTb, HaM HY}KHO U3MepPSTb
HanpAXeHWe Ha KOHAEeHcaTope N CPaBHMBATb €ro ¢ HEKOTOPbIM GUKCUPOBAHHbIM 3HavYeHMeM. Jna 3Toi
Lenn, Kak NpaBuio, UCMOJIb3YIOT MUKPOCXEMbl KOMMNApPaTOPOB (aHAaNOroBbIX CPaBHMBAIOLWMX YCTPOMCTB).
MpocTenwnii BapuaHT 3TOr0 — OMNEpPaLMOHHbIA ycuauTens. loaaB Ha OAMH M3 ero BXOAOB
dUKCUMpPOBaAHHOE HaNpsAXKeHMe, Ha APYroM ero BXog Mbl MOAAEM HanpsKeHue Ha KoHaeHcaTope. Korga
HanpAxXeHune Ha KOHAEeHCaTope npeBblWaeT d)MKCVIpOBaHHOE 3Ha4yeHune, BbiIXxoa onepaunoHHOro
ycnunmtena MeHaeT 3HadyeHUe Ha MPOoTUBONOJIOKHOE. BoT cxema Takoro KOmMnapaTtopa, rae Bmecto
KOHZEHCaTopa Mbl MCNOMb3YEM FeHepaTop HanpaXeHua TpeyronbHou ¢opmbl, a GUKCMpOBaHHOE
HanpAaxeHue Noy4ynm U3 HanpAaxeHna NMTaHnA C NOMOLLUBIO PE3SUCTUBHOTO AeNNUTeNA HaNpAXKeHUA.
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Puc. 5. PaboTa Komnapatopa 3 QY
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M3 npuBedEHHbIX AMarpamm BWAHO, YTO MEPBOHAYa/IbHO Ha BbIXOAE OMEPALMOHHOrO yCuUauTens
HanNpAXXeHWe PaBHO MOYTU HANPAXKEHUIO NUTAHMA. A B TOT MOMEHT, KOr4a HanpaXeHue reHepaTopa
[OCTUraeT BeandnHbl 4,21 B, HanpaKeHue Ha Bbixoge OY CTaHOBUTCA PABHbLIM NOYTU HYAO.

I'naBa 4. Kak BiausieT gopmupoBaTesib QUKCHPOBAHHOI0 HANPSAKEHUA
M3meHum 3HavyeHuna pesnctopos R1 u R2, npegsaputenbHO NpoBepuB Hanpa*KeHne Ha pesuctope R2
(HanpskeHMe oka3sbiBaeTcA paBHo 4,16 B).
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Puc. 6. PaboTa KomnapaTopa nociae U3MeHEHUs NaPaMeTPOB AENNTENA HANPAKEHMUA

Tenepb, Kak BMAHO M3 anarpamm, nepekntoveHue OY npoucxogut npu HanpaxeHun 3,36 B. Takum
06pa3om, MeHAA (UKCUPOBAHHOE HAMPAMKEHWE, Mbl MOXKEM MeHATb Bpems cpabaTblBaHUA
Komnapatopa. O6beanHuB Age npuBefEHHble CXeMbl B OAHY, 006aBMB K BbIXOoAy OMepaLMOHHOro
YCUAUTENA CUTHANN3ATOP, 3BYKOBOW MM CBETOBOM, Mbl NOJIy4MM OCHOBY Taimepa.

B KauvectBe pe3uctopa R1 Mbl MOXKEM MCNONb30BaTb MNEPEMEHHbI Pes3UCTop CO  LUKAAoW,
nporpagyMpoBaHHON B eAMHMUAX BpemeHU. Mbl MOXKeM NepeKkoyaTb HECKO/IbKO KOHAEHCaTopoB,
MeHAA MacliTab BpemeHHOro HTepBana. B 1tlo6om cnydae mbl NOAYYNM TaliMep.

Kctatu, npoctedwnin Taimep mbl noayumnm 6bl, nogknoums RC Lenb K pesie NOCTOAHHOrO ToKa. Ho
TaKoW TanMmep 6bln Obl 0O4EHb Hey[00eH — Mbl CUIBHO OFPaHUYeHbl BEIMYMHOW COMPOTUBNEHUA. ITY
npobaemy, KOHe4YHo, pelan bbl «TpaH3UCTOPHbIA Bydep», HO, cornacutech, yaobHee MCNoONb30BaTb
Kommnaparop.

F'naBa 5. UHOM NpUHLMI NOJIyY€eHUsI MIHTEPBAJIOB BpEMEHHU TaMepa
He CEKpPET, 4TO ANA UaMmepeHuna BpemeHn 4aBHO UCNOJIb3YHOT 3/IEKTPOHHbIE Yacbl. Cﬂe,ﬂ,OBaTeﬂbHO, ana
nocTpoeHunA Taf/'lmepa MOXHO UCMNOJIb30BaTb TO, YTO UCMOJIb3YETCA B 3/1IEKTPOHHbIX YaCaX — CUYETUMK.

LUndpoBoit CYUETUMK CUMTAET MMMYAbCbI, NPMUXo4AlLMe Ha ero BxoA. Ecan mmnynbcbl 6yayT npuxoamutb
pas B CEKYHAY, TO CYETUMK ByLEeT CUMTaTb CeKYHAbI. KOrga OH OTCUMTAET HYXKHOE KOJIMYECTBO CEKYHA, Mbl
MOXEM BK/IOUYUTb CUIHa, 3BYKOBOW MM CBETOBOW. B UTOre Mbl NoayyMm Tanmep.
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Puc. 7. MpocTteiiwan cxema Taimepa Ha UMPpPOBOM CHETUMKE

Paccmatpueasa guarpammy, mbl MOXKEM 3aKAKOUYNUTb, YTO NPU MPOXOXKAEHUN MMMYNBbCOB OT reHepaTopa
VG1 cocToAaHMeE BbIXOA40B CHETYMKA MEHAETCA.

MuKpocxem UndpPOBbIX CYETUYNKOB CyLLLECTBYET MHOTO. EC/IM NOHATb, YTO HAaM HYKHO, TO MOKHO BblbpaTb
noaxoAsiwme mogenu.

WUTaK, 4TO NPOUCXOANT, KOrda Ha BXOAE CYETYMKA NOABAAETCA UMMNY/bC? HEeKoTopble CYETYMKM NPU 3TOM
MEHSAIOT COCTOsIHME MJaawero 6uta Bbixoaa. pyrue cCH4ETYMKN cAeNatoT 3TO TOrAa, KOraa HanpsasKeHue
MMMNyNbCa CTaHeT HyneBbiM. Ho B nobom cnyyae CYETYMK «cocymTaeT» umnynbc. Konunuyectso
NMOACYMTAHHbIX MMMY/bCOB OTOOPA3UTLCA Ha BbIXOAE CYETYMKA. YeTbipe BbIBOAA BbIXOAA CYETUYMKA
no3BoAAT Ham cumtaTb OoT O go 15. Korga 3To Ha Bcex BbIXOA4ax YCTAaHOBATCA YPOBHW BbICOKOro
HaMNPAMXKEHUA, Mbl MOXEM BKAOYUTb CUrHanusaumto. C MOMEHTa BK/AOYEHWUS YCTPOMCTBA NPOLINO
HEKOTOpOe BpemMs A0 NosSBAEHUA CUTHana. A 3To 1 ecTb paboTa Talimepa.

'naBa 6. Kakue nHTEepBaJ/ibl BpeMeHHU Mbl MOKeM 3a/4aBaTh?
byaem paccmatpuBaTtb Ty MOAENb CHETYMKA, KOTOPYHO MCMOJIb30BaAM paHee. 3Ta MUKPOCXeMAa MmeeT
ABa CYETUMKA B OAHOM Kopnyce, Ha CXeme Bblille NCNO0JZIb30BaH TOJIbKO OA4UH.

Bo-nepBblx, ec/iv YacToTa TakToBOro reHepatopa VG1 6yaet pasHa 1 'y, TO Mbl NONYYUM MAKCUMaNbHbIM
MHTEepBa/ BpeMeHM Ha cxeme Bbllle 15 cekyHa,. Kak Mbl moxem 3aduKcnpoBaTb STOT MHTEpBan?

B cxeme HUXKe ncnonb3yetca NOTNYECKUIA BEHTU/Ib, MMeIOLLI,Mﬁ YeTblpe BXo4a, ANnA (bMKcaLI,MM COCTOAHUA
BbIXoA40B. HO BeHTMAN MOTYT UMETb U OPYyroe Konm4ecTtBso BXO40B. KpOMe TOro, MOXXHO MNCNOJ1b30BaTb
He BCe BXOA4bl d)MKCMpyIOLLI,eI'O BEeHTUANA.
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Puc. 8. ¢>Ml<cau,14ﬂ MaKCMMa/IbHOTO MHTepBaAJia BpeMeHU

A ecnn nHTepBana BpemeHu B 15 cekyHA mano? Mbl MOXKeM MOCTYNUTb ABOAKO — MOXKHO WU3MEHUTb
YaCTOTY TAKTOBOTO reHepaTopa, @ MOXKHO UCNO/Ib30BaTb, CKa*KeM, BTOPYIO NOOBUHY MUKPOCXEMbI.
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Puc. 9. YBennuyeHue nHtepsana BpemeHun Tanmepa B 15 pas

MeHAA KO/MIMYECTBO CYETUMKOB, MEHAS YacTOTy TAaKTOBOIO reHepaTopa, MOMKHO Mo/yyaTb pasHble
WHTEpPBa/ibl BPEMEHMU.

I'maBa 7. YTo ewié Hy>KHO 3HATh O CYETYUKE?
CxeMbl, NpuBeAEHHbIE Bbille, NPM3BaHbl NOKasaTb NPMHUKMN paboTbl Talimepa, He Bonee Toro. YT1obbl
peanu3oBaTb CXemMy TaliMepa, MCMNONb3yAa CYETUMKU, clelyeT 3HaTb O HUX Bonblue. Hanpumep, npu

3anycke Tarimepa cnegyeTt 0OHYANTb CYETUMK, COPOCUTDL Ero BbIXOAbl B HY/b. BOT, YTO MOKHO NPOYMTATbL
0 cuyétumke 14520 (K561M1E10).
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Tanmep

PIN ASSIGNMENT

Call 10 16 ] Voo
Eall 2 15 ] R
Q0 3 14 ) 03
Q1. 4 130 a2y
Q2. 5 12001
a3 [ 6 11 1 a0y
A7 10 [] Eg
Vss ] 8 sflcy
TRUTH TABLE
Clock | Enable | Reset Action
. 1 0 Increment Counter
0 o 0 Increment Counter
s X 0 No Change
X va 0 No Change
4 0 0 Mo Change
1 A 0 Mo Change
X X 1 Q0 thruQ3 =0
X =Don't Care

Puc. 10. CBegeHuMA 13 CNPaBOYHbIX AAHHbIX

Ons cbpoca HeobxoaMMo noaaTtb eamMHUUy Ha Bxon Reset (Ra Ha pucyHke, MR B nporpamme). Ons
paboTbl Mcnonb3yercA TakToBbl Bxoa (Ca Ha pucyHKe, CPO B nporpamme), npuM 3TOM Ha BXojae
paspeweHnusa (Ea Ha pucyHke, CP1 B mporpamme) Ao/KHA ObiTb eaAnHMULA. Bnpoyem, Bxoapl cHéTa U
paspeleHns MOXHO NOMeHATb mecTamu. CYET ByaeT npoucxoauTb NAMB6O Mo nepeaHemy, Anbo Mo

3agHemy GpoHTY nmnynbca. Moatomy paboTana nporpamma npu SKCNEPUMEHTAX BbllLe.

anBe,[l,éM CXeMmy B COOTBETCTBME C ONMNUCAHUEM.
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Puc. 11. MpueBeneHmne cxembl B COOTBETCTBME C ONUCAHNEM

B f@aHHOM C/lyyae CYETUYMK ynpasaseTcsa nepeaHum GPOHTOM TaKTOBOIoO MMMy bea. Mposepum, bygeT am

paboTaTb BTOPOI BapmaHT CYéTa.
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Puc. 12. BapnaHT BKAKOYEHMA CHETUMKA
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MinedTH resul10

Mpwv TaKOM BKAKOYEHUN CYéT nponcxoaunT nNpu NpPoxoxXa4eHnn sagHero d)pOHTa mmnynbca.

3aK/JIl0ueHue

CerogHa onAa cosgaHuA yﬂ,OGHbIX INNEKTPOHHbIX CXEM OY€Hb YaCTO NMPUMEHAIOT MUKPOKOHTPONEPDI.

MWKPOKOHTPO/I/IEP MOXHO MCMONb30BaTb M KaK Taimep Ha 6ase cuyéTa, M Kak Talmep C 3apsgom

KOHAEHCATOpPa, NMNOCKOJIbKRY pAn4 MOAEHEVI nmeeT nmbo BCTPOEHHbIE KOMMApaTopbl, nmbo BCTPOEHHbIE

moaynun ALLM.

Ho KaK caenatb TallMep Ha OCHOBE MUKPOKOHTpOJiepa? ITO OTAe/IbHbIA Pa3roBop, U, HafelCh, Bam

A0CTaBUT yaAOBO/IbCTBUE paso6paTbcn CcamocCToATeNbHO. HMYTO He NPUHOCUT CTONILKO MO/b3bl, CKOJbKO

CaMOCTOATENIbHAA pa60Ta. M cToNbKo yA0BONbCTBMA, KOr4a 3agymMaHHOe BamMu YCTpOVICTBO Ha4YnHaeT

paboTaTtb.
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