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N0 6bINYCKHOU K6ANUDUKAUUOHHOU HAYYHOU pabome (Ouccepmayuu)
cmyoenma

EsnoxumoB Bukrop CranuciaBoBuy
(pamuians, MMR, OTYCCTBO)
|. Tema BbIMYCKHOTO KBaTH(PHKALMOHHOIO NPOeKTa
MojiepHu3anus CHHXPOHHOIO 4aCTOTHO-PEryJIMPYEMOro YIEKTPONpHBO/A
n1abopaTOPHOIO CTEH/Ia C NePEBOIOM Ha MUKPOIIPOLIECCOPHOE yNpaBieHHEe

8K ™ )

YTBEP)K/IEHA MPUKA30M 10 YHUBEPCHTETY OT = _/Z " anres? 20/6r. Ne 5%/

2. Cpok cnauu crysenTom 3akondenHoro BKI1 20 cv.oss 20/6

3. CojepaHHe pacYeTHO-TIOSCHUTEJBHON 3aMMCKH  (MepeueHb  MNOJUICKALUIMX
pa3paboTKe BONPOCOB)

Beenenue;

Llens;

Onucanue 1abopaTOPHOro CTEH/A,

O630p BapHAHTOB peain3alny y3/1a GopMUpOBaHHs (PazHbIX TOKOB;

PaspaGoTka ruiats! y3/a GopMHpoBaHMs Ha3HbIX TOKOB;

PaspaGoTka aqroputMa MporpamMmbl yrpasjisiowiero yCTpOHCTBa MHKPOKOHTPOJIEpd

y3s1a GopMHpOBaHHs (a3HbIX TOKOB;

[TpoBepka paboThl CXEMBI;

[TepeyeHb JOKYMEHTOB K IUIaTe;

3aKjloueHue;

Bubnuorpaduyeckuii CrUCOK.




4. Ilepeuennb rpaduueckoro martepuana (C TOYHBIM YKa3zaHWeM 00s3aTesbHbIX
yepTexKen)

BaeuHui BH1 HCTOYHHUKA TOKA,

Cxema paboThbl 2/1eKTPONpHBOIA;

Cxema naarsl;

MoHTaxHas cxema rniarhbl;

BpemeHHble AMarpamMmbl 1S NOACHEHUs paboThl nporpamm;

AJITOPUTM NPOrpaMmbl;
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AHHOTALIMA

Esnokumos B.C.. «MonaepHu3anus CHHXPOHHOrO 4YacTOTHO-
peryJiMpyemMoro 3leKTponpuBoja J1abopaTopHOTO CTeHJa ¢
MepeBo/IOM Ha MHMKpPOMpPOLIECCOpPHOE yrpaBieHue.» — Yenabunck:
IOYpI'Y, 2;206 2016, 72 c., 23 un.,6 Tabn., oubnuorpaduyeckuii

CITHCOK — 8 HauM.

CornacHo MOMy4YeHHOMY TeXHHYECKOMY 3afaHHi0 ObLl pazpaboTaH M HCcClenoBaH
y3en GopmupoBanus dasHeX TOKoB (YO®DT) Ha Oaze mukpokontpomwiepa (MK) ans
BBIMONTHEHHS /1aDOPaTOPHBIX M HCCIeoBaTeNbCcKUX padoT CTYy[EHTaMH KOTOpbIe
u3y4aloT mnpeamersl  «TeopeTHueckHe OCHOBBI  3NeKTponpHBoga», «CHCTEMBI
YNpaBJl€HHA JNEKTPONPHBONOE» H OPYIrHe CBA3ZAHHEIC C 2JICKTPONPHBOOOM TIPEIMETEI

B naGoparopuu peanu3oBaH BapHaHT TAaKOr0 KOHCTPYKTHBA CHCTEMBI YNpaBlIeHHS,
HO Ha 3/1eKTPOMAIIHHHBIX JaTYMKax (CelbCHHAX), 3TOT BapHaHT MOpalBHO ycTapen H,
cieaoBarensHo, TpedyeTces peanusauusa nogoOHOro ycTpoiicTBa Ha MHKPOKOHTPOJLIEDE.

C uensio ycosepmieHcTBoBaHMs obOopyaoBaHus nabopatopun Obuta paspaborana
miata M aIropuTM TMporpamMmbsl A y3na (opMHpoBaHHS (a3HBIX TOKOB Ha

COBpeMeHHOM 000pyIOBaHHH.
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BBEJIEHHE

COrnacHo noiy4eHHOMY TEXHHYECKOMY 3aliaHHio Obln paspaboTaH u HCCien0-
BaH y3en (opmupoBaHus (azHeix TokoB (YO®T) na Oaze MHKPOKOHTpOUIEpa
(MK) s BeinoiHeHHs 1abopaTOPHBIX W MCCIIEN0BaTeIbCKUX paboT CTyaAeHTaMH
KOTOpble M3Yy4aroT rpeaMersl «TeopeTHdeckre OCHOBBI 2jieKTponpusoaa», «Cu-
cTeMBI YIIPaBJIeHHs 3JIEKTPONPHBOIOB» U JAPYTHe CBA3aHHBIE C 3JEKTPONPHBOIOM
npeaMeThl.

JlaGopaTopHBIi CTEH[ MNpeinonaraeT 3aKperjeHHe TEOPEeTHYECKHX 3HaHMii,
noJy4eHHBIX Ha JIEKUMAX W npHobpeTeHne NpaKTHYECKHX HABBIKOB NpH pabote ¢
cOoBpeMeHHEIM 000py10BaHHEM.

Hmeronmecs naboparopHele cTeH bl B 1abopaTopuH 3JIEKTPONPHBO/A, HA ce-
rOJIHSALIHKUA JIeHb He MOJIHOCTBIO YIOBJIETBOPAIOT TpeOOBaHUAM, NpPeAbABIAEMbIM
K COBpPEMEHHBIM METOAaM H3MepeHHs H obpadoTku HHpoOpMmaluu, He obecneyn-
BAIOT MPOCTOTY M JerkocTb moboi (QyHKIMOHAIBEHOH NEPecTPOHKH CHCTEMBI
yrpasieHns, Tpebyromeii mH60 H3MeHeHHs Bcell CYILECTBYIOIIEH 3JIEKTPHYECKOM
CXeMBl, JIH00 3aMeHB! OT/IEJIbHBIX €€ 2JIEMEHTOB.

B naGopaTopHoM cTeH/e npeaycMOTpPeHb! JiBa BapHaHTa HCIIOIHEHHA HCCIIey-
EMOro CHHXPOHHOIO 3JIEKTPONPHBOAA: Ha OCHOBe npeobpa3zoBaresis YacTOThI
Unidrive SP  Ha OCHOBe HHAMBHIYaJIbHBIX HCTOYHUKOB TOKa (a3 ¢ BHeLIHeH CH-
cremoii ynpasnenus. [logoGHoe pelieHHe oOyclOBAEHO TEM, YTO C TOYKH 3PEHHUS
o0yueHus BTOpoil BapuaHT Oojee HarjsjeH 4eMm IOJIHOCTHI AaBTOMATH3HPOBaH-
HbIA NMpeoOpa3oBaTtelib 4acTOTEI.

B nabopaTopuu peasn3oBaH BapHaHT TAKOrO0 KOHCTPYKTHBA CHCTEMBbl YTpas-
JIeHHsl, HO Ha IEKTPOMAILHHHBIX JaTYMKaX (CeIbCHHAX), 3TOT BAPHAHT MOPAJIbHO
ycrapen M, ciejoBartelnbHO, Tpebyercs peanu3auus Mojo0HOro yCTpoHCTBa Ha

MHKPOKOHTpOJLIEpe.

Aucm

Har
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I HEJIb

Llensto nanHoit pabotel sBnseTcs pazpaborka y3na GpopMupoBanus (azHbIX
TOKOB JUISl YK€ MMEIoLIerocs snekrponpusoaa. Takum obpasoM, 3apaHee U3BeCT-
Hbl ()OPMBI BXOJHBIX CHIHAJIOB H M3BECTHO KAKHE JIOJIKHBI OBITh CUTHAJIBLI HA BbI-
X0Je.

Jna aToro HeodxoauMo pa3paboTaTh U H3rOTOBUTE NMEYATHYIO IIATY, Ha KO-
TOpO# 0043aTe/ILHO JIO/IKHBI HAXOAUTHCA ClIeIYIOLIHE JIEMEHTHI:

1) Mukpokoutpomnep (MK) co Beeii HeoOxoauMOHi «00OBA3K0H»;

2) 3alIMTa BXOJIHBIX CHIHAJIOB;

3) BuIXojHBIE (HALTPEI (MOcKoNbKY Ha BeiXxoge MK cHruansl mMpoTHO-

UMIYJIBCHOH MOIYJISLHH).

Kaxk Ob110 cKa3aHo paHee 3apaHee H3BECTHBI (JOPMBI BXOJIHBIX CHTHAJIOB:

1) Curnan ynpasnenus ammautygoi (ot 0 go 5 B);

2) Curunan ynpasnenus yriom casura ¢as (or 0 g0 5 B);

3) Curuan cornacoBanmus 4actoTsl (munoodpasueiii curnan ot 0 o 5 B).

Ha Beixozne tpebyercs noayquTs 3 CHHYCOMJANbHBIX CHTHana ot -5 10 5B
CIABHHYTBIX [IPYT OTHOCHTENBHO Jpyra Ha 120 2. rpajycoB, HMEIOLIHX Peryaupy-
EMYIO aMILTHTY Ly, Yrof ¢/IBHra (a3, H 4acTOTy paBHYIO 4acTOTe CHIHaJIa CorJaco-

BaHHA,

Auecm

OYpl'y-13.04.02.2016. 320.01./73 6

Ham,

Aucm N doxyn. fModnucs | Jama

_




A A e e e e e e R e

A =S

ClIE/lyeMOro CHHXPOHHOI'O 3JIGKTPOJABHraTe/is H Harpy304HO#i MallHHbl MOCTOAH-
HOro TOKa. B KauecTBe HCClelyeMoro J1eKTpoABHraTesns B 1abopaToOpHOM CTEeH/e
HCTIOJIB3YETCH CHHXPOHHBIHA aBuraTens bM3 — 4,5/4. Texuuueckue JanHble npea-
craBieHbl B Tabnuue 1.1. B kauecTBe HAarpy3o4HOH MalllMHbel B 1a0OpaTOpHOM

cTeHzie MCTIONB3YEeTCs HneKTpoasuraTens nocrosHHoro toka [MB2IT160MI” 3aum-

HIEHHOTD HCMTOJIHEHHA.

2 OITUCAHME JIABOPATOPHOI'O CTEHJIA

Jla6opaTopHBI# CTEH] COAEPKHT B CBOEM COCTaBe arperaT COCTOSAIIHH H3 HC-

Ta6muna 1.1 — Texauueckue AaHHBIe IBHraTEls HecaeayeMol MamuHbl M1

s miias BB Obo3nave- Eannanuna 3na-
HHEe HIMepeHHs qdeHHe
Tun BM3 —4,5/4 -
MotHocTs HOMHHAIBHAA P. kBT 3,6
HanpsxeHne HOMHHAIBHOE U, B 220
YactoTa BpallieHHs HOMHHAIBHARA Nu O6/MuH 1500
Tok craTopa HOMHHANBHBIH Iew A 11,3
Tok Bo30y#IeHHA HOMAHAIBHBIH L A 11
MoMEHT HHEpIIHH JIBHTATEIIs J KrMm? 0,225
KoadduauesT nonessoro neicreus " % 74,2
Aucm
H0YVpl'y-13.,04.02.2016. 320.01./73 7

Har,

Aucm

N doxyn, MNodnucs | Jama




Tabmuua 1.2 — Texuuueckue nanubie asurarens [TB2IT160MI

Ennnn- Inavenne
Hanmenopanue napamerpa Ofosmaste: e i
HHE Himepe- pa
HHA
Tun - - I1B211160
MI
MoIHOCTh HOMHHAJILHAS Py kBT 5
HanpsixeHnHe HOMHHAILHOE Uy B 220
Tok akops HOMHHANLHBLIHA I, A 26,5
YacToTa BpallleHHA HOMHHAILHAA Ny ob/MHH 2200
Hanpsxenne 0OMOTKH BO30YKIEHHA Unn 8 220
HOMHHAJILHOE
| MOMEHT HHEPLHH SKOPH Yim KIM° 0,083
| Koadpuunent nonesnoro aeficTeus KI1J1 % 83,1

Jinsa uccnenoBaHHus pasIMYHLIX KOHQHUIypalui 3aMKHYTHIX CHCTEM HCIIOJIB3Y-
eTcs UMITYJIbCHBIH JAaT4HK CKOpPOCTH (9HKozep). TexHMYecKkHe JaHHble HKOAepa

npejcrasieHsl B Tabmuue 1.3.

Suem
l FOYpI'y-13.04.02.2016. 320.01.713 ]
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Tabnuua 1.3 — TexHuueckne gaHHbIe IHKOJIEpa

Obo3nave-
Haumenosanne napaMerpa Beanunna
HiE napamerpa
Tun SICK\STEGMANNCN
["abapuThl, MM FRAMETR B d !
JHaMeTp Jaat- D 53
Paspewmenne, uMn/ob F 4096
BrIxonHo# curaan A, A, BB,
Hanpsxenne nutanns VDC, B Ui +5
MakcHMaIbHAA 4acToTa Bpamenns, 06/MHH Nimax 9000
MaxkcumanbHas 4acToTa HMNYabLCcoB, Kl Fnax 100
MakcuMansHb noTpebnaeMelii Tok, MA Tmax 160
YcnoBAA IKCIUTYATALHH Temneparypa, T or-4010+120
Bnawnocts, % or 35 no 90
Knacc sanursl 1P40
JlomycTHMas Harpy3ka ocH Papgasbras, H SON
Ocesas, H 30N

B jaHHOM CTeHjie peanu3yeTcd JiBa THIOBBIX BapHaHTa CHHXPOHHOIO
YacTOTHO-TOKOBOTO 3JIeKTponpHBoja: Ha Oase npeodpasosarens yactorel Unidrive
SP [], a TaxKe ¢ MOMOLIBIO HHAHBHAYAIbHBIX HCTOYHHKOB TOKA M BHEIIHEro y3ia
topmupoBanus asHeiXx TokoB. IlosipobHOMY paccMOTpeHHIO BTOPOro BapHaHTa
KOHCTPYKLMH H MOCBAIIEHA AaHHasa KBanupukaunonnas pabora. JlaHHbII BapHaHT
HETHINOBOH C TOYKH 3pEeHHMs [POMBILUIEHHBIX 00pasuos, oaHko Haubonee
uHpopmaTHBe 1A M3Y4YEHHMS Y3N0B, (OPMHPYIOIIMX CHCTEMY YIpaBlIeHHA
NEKTPONPHBOIOM.

B kadecTBe MHAMBHMAYalnbHBIX MCTOYHHKOB TOKa B CTEH/E HCIIONB3YIOTCA
MCTOYHMKH ToKa Maxi-Maestro 200x25/50 TtexHH4yecKHe [aHHbIE KOTOPOro
npuBeneHHbl B Tabmuue 1.4, JlaHHbIH MCTOYHHK TOKa HW3HAYAIbHO MpelHa3HaueH
JUIs YNPaBJIEHHs CNEIAIIMX BEICOKOTOUYHBIX 3JIEKTPONIPHBOAOB MOCTOAHHOIO TOKA
C MOCTOSAHHBIMH MAarHHUTAMH, B TO JK€ BpeMs OHH IOJIHOCTBIO YIOBJIETBOPAIOT H

TpeboBaHMAM MCCIIEI0BATENLCKHX 3a/1a4 HCCIIeAyeMOoro 1abopaTopHOro CTHeA.

Tabmuua 1.4 — Texnuueckue XapakTepUCTHKH HCTOYHHKOB TOKa

Aucm
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HaumenoBanne napamerpa, paMepHOCTh 3nauenne
HomuBansHaA MOIIHOCTE, KBT 5
HomuHansHOE BXO/HOE Hanpaxenne, B 150
" Jlonyckaemoe OTKJIOHEHHE B HIKHIOIO CTOPORY, % 35
Jlonyckaemoe OTKJIOHEHHE B BEPXHIOIO CTOPORY, %0 10
MakcHMATBHOE BBIXOJIHOE MOCTOSHHOE Hanpskenue, B 212
MaxcHMATEHOE BHIXOAHOE NEepeMenHoe Hanpaxenne, B 150
HoMuHanbHBIH BEIXOAHOH TOK, A 25
MakcHManbHLIH TOK NEperpy3kH, A 50
Bpems neperpy3ku NpH MaKCHMAaTbHOM TOKE, C 2
MakcHMAIBHOE J0NYCTHMOE OTKJIOHEHHE 3HAYCHHSA TOKA Ha BRIXOJIE, io
Y
HOMHHAIBHOE 3HAMEHHE COTPOTHBIIEHHS CIMBHOTO pesucTopa, OM 8
HomunanbHas MOIIHOCTE CMBHOTO pe3ncTopa, Br 600
Jnanason pabounx temneparyp, C° -10...+50

B cBS3H C T€M, YTO HOMHHAIBHOE HaNpsHKeHHe MHUTaHUA npeobpasosares co-

crasnser 100-150 sonst (asunoe), nutanue npeodpaszosarelis OCYIIECTBIANOCH C

MOMOLLIBIO CHIIOBOTO TpaHc(opMaTopa, ¢ HOMHHAIBHBIM (PasHBIM HANPHKEHHEM

BeHTHJIbHOMH 0OMoOTKH 127 BOAbT.

Har.

Aucm N dexym. fModnucs | Jamo
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Pucyrok 1.1 — Buewnnit Buz ucrounnka Toka MaxiMaestro

Ha pucyske 1.1 noxa3an BHEIIHHI BH/1 JIHLIEBOH YacTH npeobpasopaTens, Ha
Hee BBIHECEHBI KJIEMMBI JIJ1S MOJK/IFOUEHHs CHIIOBBIX H cnaboToqHblX Lenei. [loa-
K/IOYEHHE CHIIOBBIX lieneil npeobpasoBarens ObUIO OCYLIECTBICHO CIIE1YIOIIMM

obpazom:

Aucm
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— Knemmsi L1, L2 u L3 — BxogHoe HanpsikeHWe NHTaHUsA — OBUIH NMOJKIIOYEHBI

K BEHTHJIbHOH 00MOTKe TpexdasHoro TpaHc(opMaTopa;

— Knemmsl M1 1 M2 — BBIXO/IHBIE K/IeMMBbI — OBUTH TIOJKIIIO4EHBI K O/IHO# (a3ze

JIBUTaTes;

PO
JIH

Me

—+DC wu EXT DBR — BbIX0/IHbIE KIIEMMBI CIHBHOT'O pe3HcTopa.

TMoaxmovenne cnaboTOYHBIX Lieneil 6bII0 MPOH3BEICHO CeAYIOLIHM 00pa3oM:
5 — paspemenue paboTsi;

4 — NOJAKIIIOYEHHE TEPMHUCTOPA,

3,8 - oOumit BXOA;

6 — MICTOYHMK BHYTpEeHHero nuranus npeobpasosarens +10 B;

7 — HCTOYHHMK BHYTPEHHEro nutanus npeobpasosarens -10 B;

9,10 - nuddeperuHanbHbIA BXOA 11 CHIHAJA MO0 CKOPOCTH;

11,12 - BXOa UIs CHrHAzA ¢ TaXOoreHeparopa,

13,14 - cocTtosiHue padboTsl;

15 —cTonm.

[TpeoGpa3zoparens He HMEET BO3MOMKHOCTH INEPENnporpaMMHpOBaHHA MapameT-
B M MMEET JKECTKYI0 oBpaTHyio CB3b 1o TOKy. Tem He MeHee B npeobpasosare-

MMeeTcs IJ1aTa yIpaslieH s, KOTOpas [03BoJIseT MPOH3BECTH HACTPOHKY napa-

TPOB peryisaTopa Toka (pucyHok 1.3).
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Pucynok 1.2 — BHelunuii Bi/ 11aTel ynpasieHus npeobpa3sosarens.

Avcm
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Ha pucynke 1.2 noKa3aH BHEIHHE BHJ IJ1aThl yTPaBICHHA npeobpasoBare-
jleM, Ha Hee BHIHECEHBI TIePeKIIoYaTe i XapaKTepHCTHK H KIEMMBI JUTA NOJKIHO-
yeHUs CONPOTHBIIEHHH:

-ITepexmouarens 1\2 BO BKIIOYEHHOM COCTOAHHH BKJIIOHAETCA obparHas CBA3b
[0 CKOPOCTH W OTKJII04aeTcs obparHas CBA3b 110 TOKY AKOPA. B BBIKJIIOYEHHOM CO-
CTOSHMM BKJIIOYeHa obpaTHas CBA3b M0 TOKY AKOPA H OTKJIIO4EHA 110 CKOPOCTH;

-[lepexmodaresb 3: BKIOYEHHE WIH OTKIOYEHHE 3aIMTDI [0 CHIDKEHUIO CKO-
POCTH;

-TTepexioyaTens 4 BKIOYEHHE UK OTKIIOYEHHE 3a/1aTHHKA MHTEHCHBHOCTH;

-RKW pesucTop peryjiupyer Kospouiument oOpaTHO# CBA3H 110 CKOPOCTH;

-PPT pe3ucTop peryjupyeT AOMyCTHMOE CHHIKEHHE CKOPOCTH,

-RIP pe3ncTOp perynupyer J0MycTHMbIE 3Ha4eHHA ITHKOBBIX TOKOB;

-RIN pe3ucTop peryjupyer 3HaueHHe HOMHHAIBHOTO TOKA,

-RAI pe3ucTop perynupyer KOMIIEHCALIHIO NaJIeHHe HANpKEHH H3-3d BHYT-
PEHHErO CONPOTHBIIEHHUS IBUraTeI;

-RS pe3sucTOp peryaupyeT 3HaueH’e KpyTAIIEero MOMeHTa, nojiaBaeMbli Ha
JIBATATEJh, KOT/A M0JIaH CHIHAIl OCTAHOBKH;

-RT pesucrop TpebyeTcs uis COrlacoBaH|s CHIHAIOB M10/1aBaeMbIX C AaTdnka
CKOpPOCTH ¥ npeoOpa3zosare’is;

-C] KOHAEHCATOP PEry/IHpYeT HHTErpanbHbIH KOIDPUIHEHT;

-C2 xoHpeHcaTop peryiupyeT AuddepeHiHanbHbIA K03 HIHenT;

-C3 KOHIEHCATOP Pery/upyeT OTKIMK CHCTEMBI, KOT/la IPHBOJL HAXOAWTCA B

pexkume 0GpaTHOH CBA3M 110 TOKY AKOPA.

B nabopaTopHH 31€KTPONPHBOJIA MPOJIOKEH KOHTYP 3a3eMIICHHA, OTME4EHHbIH
sKeNTo- 3eeHsM [BeToM. [TpH nmoaximodeHHH K 00lueMy 3a3eMIICHHIO nabopato-
pHH HEOGXOAUMO 3aYMCTHTB MECTO KOHTAKTa OT KPackH H MOACOCAHHHTS 1pOBOJ,

3a3emMIleHHA K LLIHHE.

Aucm
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3 0B30P BAPHMAHTOB PEAJIM3ALIMM VY3JIA ®OPMWPOBAHWA
®A3HbIX TOKOB

0630p KOHCTPYKTHBOB CHHXPOHHBIX 3JIEKTPONPHBOJL [O3BOJIACT BBIACIHTE TPH

OCHOBHBIX THIA Y3108 opMupoBaHus (asHbIX TOKA!

l). Ha 6a3e 21eKTpOMeXaHHYEeCKHX IaTYHKOB (cenbCHHOB);

2} Ha 6a3e MHKpPOKOHTpPOJLIIEPA;

S}Ha Hase rotoBoro npeobpasosarelis 4acTOTHI.

PaccMoTpH noipobHee Kax/iblilt U3 BapHaHTOB

Ha ceroaHsIHH JeHb B 1a00paTopHH 3JIEKTPONPHBO/JA Ha CTEHIE Neg VODT
peasn30BaH Ha dIeKTPOMEXaHHYeCKHX AaTYHKax (cenbCHHAX).

VrnpasiieHne 0HO(a3HBIMH HCTOYHHKAMH MTHTAHKA UZA, UZB, UZC (pucyHOK
2.1) ocyumecTBiseTcas OT TPEX AEMOJY/ATOPOB UA, UB, UC, noakmo4YeHHBIX K
BBIXOJAM celbcuHa BE, poTOp KOTOPOro MEXaHHYEeCKH CBA3AH C BAJIOM JBHIATEIIA
M1. Llens potopa BE nuTaeTcs OT LenH poTopa cebcHHa BC. Cratop celbCHHA
BC nony4aer nuradde oT moaynsropa U BriGopoM Ha4albLHOIo YII0BOro MoJo-
skeHus poropa BC OTHOCHTEJIBHO €ro CTaTtopa MOXKHO H3MEHATH yTOJ MEMKIY CO-
CTABJAIONMME TOTOKOCIENIEHHH 0OMOTOK pOTOpa H CTaTopa CHHXpPOHHOTO BH-
ratens M1. Hanpsokenust Ha BBIXOJax AEMOAYJIATOPOB 00pazyloT CHMMETPHYHYIO
TpéxdazHyio cHcTeMy. AMIUIMTYAA 3THX HANpsUKEHWH TPONOpLHOHANbHA BEJH-
yHHE HampsKEHWs Ha Beixoje momynstopa U, a wacTora — YriIoBoil CKOpPOCTH

ppawerus poropa BC (T.e. yrioBoH CKOPOCTH BpalllEHNA Bajla npurarens M1)

Aucm
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Pucynok 2.1 — Cxema yrnpasieHus Ha ba3e CeIbCHHOB.

Kak yxe ObLI0 CKa3aHO paHee, CellbCHHbl MOPAIbHO yCTapen H TpedyloT 3a-
MeHbl Ha 6oJiee COBPEMEHHYIO CHCTEMY.

Te e caMble GYHKLHH MOTYT OBITE BBIMOIHEHBI C MOMOLIBI0 MHKPOKOHTPO/I-
Jiepa, OCHAIIEHHOTO JaTYMKOM nojiokeHns poropa. Ho mpu sTOM obopynoBaHue
GymeT CTOMTH JelleBjie, YeM NPH HCIONL30BAHHH CEIBCHHOB. [Tomumo 3TOTO
uudposas niaTa MEHbIIE 110 pasMepaM | Mpolle B yCTaHOBKE. K HejocraTkam pe-
anu3aunn Ha 6aze MK MoxkHO oTHecTH Gojiee HH3KYIO MOMEXOYCTOHYHBOCTh CH-
CTEMBI M XPYIIKOCTh €€ 2JIEMEHTOB.

Bosiee moapobHo paspaGoranHas nuara Ha 6ase MK onucana B CleylOLIHX
rnaBax.

Tperbum criocoGoM peann3aluy ABSAETCs Ha Dase roTOBOro npeobpasoBaTens

4acToThl. DTOT cnocob noapobHO paccMOTpeNl MOH OHOTPYTIHHK A.C. Bepuiox,

03TOMY 1OIpOGHO Ha 3TOM OCTaHABJIMBATLCS He Oyay.

Aucm
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HauGosnee BBICOKOE KA4eCTBO MPOLECCOB NPY HAMMEHBIIMX 3aTpaTaX Ha obo-
pY/IOBAHHE M HACTPOMKY MO3BOJIAET MONYUHTh TPETHH BAPHAHT HA faze roToBoro
npeoGpazoBaTelis YacTOTEI, 4TO Hanbosee BHINOHO B 3aBOJICKHX yCIIOBHAX.
O/HAKO, C TOYKW 3peHHs O0y4eHHs CTYAEHTOB HM3Yy4YalOlIHX 3JICKTPONPHBOA HC-
[I0/Ib30BAHNE MHIMBHIYAIbHBIX HCTOYHHKOB TOKOB (ha3 Oornee HarJIAAHO.

[lockonbKy B ayJAHTOPHM OTCYTCTBYIOT CHIbHBIE JJIEKTPHYECKHE TOMEXH H
BUOPpalliH, KOTOPHIE MOTYT HAaBPEAUTh MHKPOKOHTPOILIEPY, NMPEANOYTEHNE, B AdH-
HOM CJlydae, Cjie/lyeT OT/IaTh BTOPOMY BapHAHTY pealnsaliy y3na dbopmMHpoBaHHA

(hasHBIX TOKOB.

Aucm
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4 PA3PABOTKA TUIATHI V3JIA ®OPMHUPOBAHKA ®A3HBIX TOKOB

4.1 PaspaboTka cxeMbl y3/1a (popMupoBaHHs (ha3HBIX TOKOB.

[lnata 3anuMTaHHa oT Hanpsokerns +15B u -15B uepe3 kiemmunk XP4 u obuias
TOYKA NPUXOAMT Ha KieMMHHK XP3. Jlis 3amiuThl CXenbl OT HEBEPHOH NONAPHO-
CTH NpefycMOTpeHs! nosl VD7 u VDS, a anst GuiibTpaLuu ClyKaT KOHAEHCaTo-
pei C9-CI12. Jlns nonydeHuss MaKCHMAlbHO CTaOMJIBHOTO THTAHMA MHKPO-
KOHTpOJLIEpa CIIYKHT JuHeitnsli crabumtpon U6 (L7805CV) wu (UILTP Ha ero
seixone: L1, C8, CI3.

Bxo/iHBIE QHAIIOTOBbIE CHIHAJIBI MOCTYIAIOT Ha KIEeMMHHK XPJ5 W [U1s 3alliuThl
MHKPOKOHTpPOJIIEpA 3allMIleHbl pe3ucTopaM R26-R28 u anojaMH LOTKH BAT 42
VDI, VD3, VD5 nomkmodennble K +5B 115 3auThl OT HANpskeHus Boiue 5B H
nmonamu VD2, VD4, VD6 nopkmouenHbie K ob1ieit Touke A0 3ammThl 0T 00pat-
Horo HanpsokeHus. [TockosnbKy 2 BXOJ1 MOCTYIAET ¢ MOTEHIIOMEPTA yCTAHOBICHHO-
ro Ha JIHLEBOH MaHelH MOIYJd, YCTAaHOBKAa BXOJHOTO COTPATHBICHHA MOMET HC-
Ka3MTh MOJTyHeHHbIH CHIHAN, CONPOTHBIIEHHE pe3ncTopa R27 pasHo 0.

MikpokoHTposiep crnocoben Bbiasath Hampskenus ot 0 mo +5B. Js
yrnpapjieHus Tokamu (a3 HeoOXoAWMbl HANPAKEHWs YNpaB/eHHs B JHAMasoHe -
5B...+5B. Pacimpenne auanazoHa B 2 pasa JA0CTHIaeTcs 3a CHET YCHJICHHS CHI-
HaJa BBIXOAHBIM AKTHBHBIM (DMIBTPOM HA OMEpALMOHHOM ycuiutese. Jloru4Ho
MPeANoNOKHTh, YTO HEOOXOIMMO C/IBHHYTh BXOJHOE HaNpskKeHHE thunsTpa Ha -

2,5B. lNonyuenue crabunbHoro HanpsxKeHus —2,5B 10CTUranoch 3a CHET HCMolb-
soBanue anemMenta LM431 (TL431). Jlannbiii sneMeHT npejcTasaser coboi anoa-
HYI0 cOOpKY /15 cTaDMIH3ALMK HANIPSIKEHHS.

[Nonyuenune HeoOXOAUMOro HanpsKeHUs obecnevyuBanoCh MOAKIIOUEHHEM 1 u
3 HOMKEK 2JIeMeHTa Ha ODIILyIo TOYKY, a 2 HOXKA Yepe3 pe3HcTop CONpOTHBICHHEM
4,7 xOm moakmouaercs Ha -15B. B Touke coelMHEHHs pe3ucTopa H 2 HOXKH
dopmupyercs MCTOUHHK cTabunbHOro HanpskeHus -2,5B. IpuHuMnuanshas cxe-

Ma CHCTEMBbI YTIpaB/ieHHs NpuBe/ieHa Ha pucyHke 3.1.
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Jlns co3naHks Hecylleil 4acToThl BHYTPH MHKPOKOHTPOJIEpa HCIOIB3YETCH
kBapiiessiit pesonatop OZ1. Ero Homuuan cocrasnser 16 MTI'1.

CrnipoeKTHpOBaHHBIH J1abOpaTOPHBIH MaKeT TpPeACTABIACT coboii coueraHue
AHAJIOTOBLIX ¥ LU(POBBIX 3EMEHTOB H HMEET ClIe/lyIolHe MPEenMyLIeCTBa:

— IpocToTa H HU3Kas CTOMMOCTD 3nemeHToB Y DOT;

— B3auM03aMeHSeMOCTE 2/IEMEHTOB B ClIy4ae aBapHi,

— I'nbKOCTEL — BO3MOKHOCTE MOJIEPHHU3ALIHH;

— Mansie raGapuThbl H TPOCTOTa COOPKH.

OzHO# W3 pacnpocTpaHeHHBIX Mpo0djeM, BO3HHKAIOLIMX MPH pabote ¢ onepa-
[IMOHHBIMH YCHIHTENAMHU, ABnsercs apefid uyns. UroOwr u3bexars 3TOro ABje-
i, Ha | ¥ 8 HOKKM ONepalMOHHOIO YCHIIHTEIIsS TI0/IaBasloch HanpskeHne banau-
cHpOBKH, 00paTHOe npeiiy Hyis. DTa Mepa Mo3BOJIHIA NOACTPOHTE KayK/blil ore-
paLMOHHBIH YCHJIHTE/b HHMBHAYAJIbHO H J00MTBCSA OTCYTCTBHA HECHMMETPHAHO

CTH CHI'HanoB 3aJlaHHA.

CxeMma miathl IpeJlocTaBieHa Ha pucyHke 4.1.
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Pucynok 4.1 — [puHUMIHANbHAS CXeMa CHCTEMBI yIIPABICHHA
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4.2 Paspabotka doToiuabnona s H3rOTOBJAEHHS NEYATHOH [L1aThl.

JI1s M3rOTOBJIEHHS MIEYaTHOM TIaThl HeoOXoauMo paspaboraTs GoToLad-

5oH (pucyHOK 4.2), Ha KOTOPOM YepHBIM 1IBETOM 0003Ha4eHbI 001aCTH B KOTOPBIX

HeT J0poXKeK, a OenbiM 061aCTH rj1e NPOBEACHbI JOPOKKH.

JlanHas naTa peajan30oBaHa B OJIHOM CJIO€ MOCKOJIbKY HET ocTpoil Heobxo-

JIMMOCTH B M3TOTOBJIEHHH 2X CIOHHOM MU1aThl, @ €e U3roToBJIeHHe 00X0UTCA J10-

pOKe.

C Lebio HCKITIOYeHHs BO3MOKHBIX OLIHOOK NPH pa3Be/IeHHH M1athl Oblia

ucnosb3oBana nporpamma Althium, B xoTopoi cHayasa Obula cocTaBeHa cxemMa

(pucyHok 4.1) YOOT.

l:lll:'rDI:H:ll’.'.ll:ID:;}Rk

Pucynok 4.2 — ®orowabnoH 71 H3roTOBIEHUA N1J1aThI YOODT.
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4.3 [NepeyeHb 2EMEHTOB HCI0JIb30BAHHBIX B [LIATE.

B tabnuue 4.1 npenocTasieH nepeveHb 2IEMEHTOB HCTONb30BAHHAIX B TJ1a-

T¢C.

Tabnuua 4.1 — [lepeuens 31eMEHTOB HCNOJIL30BAHHBIX B IIATE

| Tun snemenTa Hamunan Ykasatesib KonnuecTso, 1T

Konaencarop 10 u® ClL.C2,C3 3
KonaeHcarop 100 n® C4,C7,C9 Cl0 4
KonaeHcatop 15 nd C5, C6 2
DNEeKTPOIAT 47 mx® C8 1
DNEKTPOIHT 100 mrd Cl1,Cl2 2
DNEeKTPOJIHT 100 nd Cil3 1
HHIyKTHBHOCTD Ilpoccens Ll 1
Pesncrop 680 Om R1, R4, RS 3
Pesnctop 1 kOm R2, R3, R6, R8, R10, |10

Ri2, RI16, R17, RIS,

RI19
Pesuctop 2 kOm R7 R9 Rl 3
[Monctpounoe conpo- | 20 kOM RI3, RI4, RIS 3
THRJIEHHE
Pesnctop 1 kKOM R20, R25, R26 3
Pesuctop 100 Om R21, R22, R23 3
PesncTop 4,7 kOm R24 1
Peauctop 0 Om R27 1
Onepanuonnsii yen- | OPO7CP Ul, U2, U3 3
JIHTETh
Jluneiinwii cradunn- | TL4311Z U4 1
3aTOP
MHKpOKOHTpOLIED ATmega8535-16P1 U5 1
Jlunetinwii crabum- | L7805CV U6 1
3aTOp
Jnon BAT 42 VDI, VD2, VD3, 6

VD4, VD35, VD6
Jnon IN4148 VD7, VD8 2
Pasnem Header-6 XPl 1
Pazbem 361-031-12 XP2, XP3, XP4, XP5 |4
Ksapuessiii pezona- | 16 My Yl 1
TO0pP
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Ha pucynkax 4.3 4 4.4 npelocTaBieHbl MOHTaX»HbIE CXEMBI IJIATHI C IBYX CTOPOH.
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4.4 MoHTaXHad cxXema IIaTel

PucyHok 4.3 — MoHTaxHas cXema IuiaThl CO CTOPOHBI KOMIIOHEHTOB

Pucynok 4.4 — MoHTa)xHas cXeMa IJIaThl CO CTOPOHBI JOPOMKEK
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5 PASPABOTKA AJITOPUTMA T[IPOTPAMMBI  VITPABJIAIOIIETO
VCTPOMCTBA  MUKPOKOHTPOJUJIEPA  V3JIA  ®OPMHPOBAHHWA
®A3HBIX TOKOB

B /aHHOT/IaBe TIOSCHATEIBHOM 3aMHCKH IPUBOJMTCAONMCAHHEPa3pabOTaHHO
NporpamMMBl Uls yrpasienus mukpokonTpoiiepom (MK) ysna (hopMHpOBaHHA
dasubx ToKOB. IIporpamMma npeanassauena Juisi GOpPMHUPOBAHMS TPEX CHHYCOH-
NaNBHBIX CHIHAJIOB 3a/laHMs 118 YIIpaB/IeHHsa CHJIOBOH 4acThi0 4aCTOTHO-TOKOBOTO

CHHXPOHHOTI'O 3JIEKTPOIPHBO/A.

5.1 Onucanue paboTel IPOrpaMMel

Ha Bxon MK nosaercs 3 aHanorossix curiana sajanus. [lepsbii noctynaer ¢
MOJ1yJ1si AHAJIOTOBBIX PEryJIATOPOB HAa BXOJIHBIE KIEMMBL JIMLIEBOH MaHeNH M 3a1aeT
AMILTHTY/y BBIXOJHBIX CHTHaN0B. BTOpO# sABNAETCA CHIHANIOM 3a/aHUA MOJOKE-
HHsi POTOpA CHHXPOHHOIO JBHraTess nunoodpasHoi Gopmsi. Own pacrer nponop-
[IHOHAJILHO NOJIOKEHHIO POTOpa W OOHYISETCH NPH COBEPIIEHHH POTOPOM MOJIHO-
ro obopora, Curnan (popMHpyercs MOCPeJCTBOM IOKa3aHHH SHKOAEPa, YCTaHOB-
JIEHHOT'O HA BAJTy CHHXPOHHOTO JIBUraTesis, IpeodpasyeMbiX B aHAJIOIOBBIH CHIHAJ
nocpeacTBoM npeobpaszosarens yactorhl UnidriveSP. Tpertu# nopaetrcs ¢ noTeH-
IIHOMETPa, PpAacloJOKeHHOr0 Ha JIMLEBOW MaHeJH MOAYNA  «MOYJATOP-
[EMOYIATOP» M CIYKHT JUIfl CO3JIaHHS BPEMEHHOIO CABHIA MEMY NOJIOKEHHEM
poropa ¥ (JOPMHPYEMbIMH CHIHAJlaMM 3a/aHHs, 5T0 HE0OXOAMMO UL perysiMpo-
BaHMA yIJia HArPy3KH CHHXPOHHOIO 3JIEKTPONPUBO/IA.

Ha BbIXOZle MHKPOKOHTpOJLIEpa (JOPMUPYIOTCS TPH (MO YHCITY (has) BLIXOIHBIX
CHrHaJa YNPAaBIsIOIMX CHIOBOH 4acThIO 3JIEKTPONPHBO/A. Curuanel npeacras-
nsrot w3 cebs IIIMM-curHansl ¢ M3MEHSIOIEHCA MO CHHYCOMJAIBHOMY 3aKOHY
CKBa)XXHOCTBIO.

Jlns 3a1aHUs CHIHAJIA LIMPOTHO-HMITYJIBCHOH MOIYJIALMH (LLIMM) ucnons3y-

etcs asa Taiimepa T0(no oxHoMy Kanany) u 77(1o AByM KaHanam).

Aucm
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Boibop KOHKpeTHBIX TaiiMepoB OONBIIOrO 3Ha4eHHsl He WMeeT. YrpasieHHe
CKBQXHOCTBIO TAHMEPOB ITPOMCXO/IMT B NPEPLIBAHHH aHATOroBO-LH(POBOro rnpe-
obpazosarens (ALIIIT), sctpoennoro 8 MK. Beixo/iHble CHHYCOHAANBHbBIE CHIHAbI
MMEIOT aMILIUTYLY, KOTOpas 3aBHCHT OT NepBOro BXoJaHOro curuana. Yacrory, ko-
TOpas 3aBHUCHT OT YAacTOTHI MHIO00Pa3HOro CHrHajla roaaBaeMoro Ha 20 aHaio-
roBbIil BXOJ M yron casura ¢as, KOTOpbli 3aBHCHT OT 3r0 BXOJHOIrO CHrHaja.
Habop AMCKPeTHBIX 3HA4YeHHH CKBaXKHOCTH TaMepoBXpaHHTCs BO flash naMATH.

Yactora paborel ILIIMM BriOHpaeTcs MakCHMalbHOH, JUls 3TOr0 yCTaHABJIHBA-
ercs 3nadyenne KopasHoe 1 u pexum paborsl fast. Pacuer yacrorsl ILIMM s nan-
HOro pexkHuMa paboThl IPHBEEH HHKe:

£. 8000000
K,*256  1*256

f= =312507y (1)

rue f .- 4acTOTa KBapiesoro pesonaropa MK,

Ko - xoadpduunenT nenenuns taimepa, KOTopbiii BeiOHpaeTca uexona us tpedy-
eMOi1 YacTOThl, H MPUHHMaeT 3Ha4YeHus 1, 8, 64, 256, 1024,

256 — koHcTaHTa A1a ObicTporo pexuma padortel LLIMM.

Jlns XpaHeHHs JaHHBIX MOYKHO MCIONb30BaTh 2 BWjaA namatu: flashu onepa-
THBHYI namsaTb.B obomx ciywasx anpecoM JaHHBIX SB/ISETCH CIOBO, COCTOfALLIEE
13 2x peructpos. Ho o0bem oneparHBHOM naMsaTH 3HAYUTEILHO MEHbIIIE, & B JlaH-
HOH paboTe y100HO ynpasnsTh CTApIIMM H MJIAJIIHM PErHCTPOM ajipeca pasjelb-
HO (moapoOHee HanHCcaHO B OMMCAHHH K MPOrpaMMe), 4TO HEBO3MOMKHO pealn3o-
BaTh UCIOJB3YA aJipecall{io K onepaTHBHON namaTH. [ToMHMO 3TOro MpH 3arnucH B
ONepaTHBHYIO MaMATh HCIOJIB3YeTCs KoMaHa:

StX+, Rd

rae: X - 310 ajapec A4elku, Rd — perucTp B KOTOPOM XpaHHTCA 3anucbiBaeMas
HH(pOpMALIHA.

[lpu Takom crnocobe aapecanwyn Kakjaas fg4edKa NamsATH 3aNHMCHIBaeTCHd OT-
JIENIbHO CTPOYKOM, MOMHMO 3TOr0 HYKHO IpPeJBapHTE/IBHO 3alHCaTh B PErHCTPLI

ob1uero HazHa4YeHMs JaHHLIE 3alHCLIBAEMbIE B ONEPATHBHYIO MaMATh.

Aucm
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B ciydae eciu ucnonbsyercs agpecauns K flash naMaTH, B KOHLE NpOrpaMMel
yKa3bIBAETCA HA4YAIBHBIN aJIpec 3amicH AaHHBIX H NOJPAJL 3aNHCHIBAIOTCA aHHbIC.

Uro 3aHUMAET 3HAYUTENBHO MEHBLIHI 00beM NaMaTH K y100Hee i YTeHHS.

Aucm
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5.2 biiok cxema /1A MoscCHeHUs padoThl POTPaMMBI

Hauano

k A
Muanmuanu3anms creka 1
MOpTOB

v
OcraHoBka paboThl
taiiMmepos 1 ALl
0OHYyJIEeHHE CHETHBIX
PErHCTPOB H PErHCTPOB
nanubeix AL

VeTaHOBKA HAYaNbHOH
CKBaXXHOCTH

¥

3anyck Taiimepos 1 ALIII

h J

VYeTaHOBKa HavalbHBIX
3HA4YeHHH ajjpeca U cyeTa
onepauui

.

['nobankHoe paspelieHune
npepsIBaHuH

i

Het

Ja

[ Konen

Pucynok 4.1 — Biiok cxemMa OCHOBHOTO LIMKJIA TPOrpaMMEl
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[ Y8,

ADC read ]

.

‘OcranoBKa paboTbl

AL

3Ha4YeHHe PerucTpa
cyeTa onepanui
paBHo 17

3HavyeHHe perucrpa
cyeTa onepaun
pasHo 27

YcTaHoBKa peErucTpa cuera
paBHbIM 4

I

Ha

3arpy3Ka JIaHHBIX C
aAHAJ0roBOro BXona

l

Brinenenue 4 crapmux OuT
HHpOPMaLHH

®

VcTaHOBKA perucTpa cuera
ornepalui PaBHBIM 2

3arpy3ka JaHHBIX €
Het aHAJIOrOBOTO BXO/a

Brigenenue 3 crapiuuii OuT

.

Hacrpoiika AL Ha cunTbI-
BaHHMe C 3ro KaHaja

4

Pucynok 4.2 — bnok cxema obpaboTumka npepsiBanni ALII

Hacrpoiika ALIII Ha cunThbI- A

BaHHe CcO 2ro KaHaaa

()
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.

VeTaHOBKA pErHeTpa cUerTa
paBHBIM |

3arpy3ska JaHHbIX H3
flashnamsaTu

.

X

3arpy3Ka JIaHHBIX C
aHAJIOroBOro BXO/a

A

HacTpoiika CKBaKHOCTH
210 BBIXOJAHOIO CHrHala

k.

Brigenenne 4 crapimx 6uT
HHpopMauu

BreruucneHnHe aapeca
CKBa)KHOCTH 310
BBIXOJHOT'O CHIHasa

h J

h

3arpyska JJaHHBIX H3
flashnamsaTu

Hacrpotika AL na cuu-
TheIBaHHE ¢ | ro Kanana

h

b

Hactpolika CKBaXKHOCTH
3ro BBIXOJHOTO CHrHajla

BriuuciieHHe CyMMBI

£

h

CHIHAJIOB 3a/IaHHA yriia 3amyck AL
casura (a3 1 yria nomuo- l
JWEeHHS AKOPA
Koneu

3arpysKa JaHHBIX H3
flashnamsTh

Y

HacTpoiika CKBa)KHOCTH
| ro BEIXOJIHOI'O CHrHala

!

Briupcnenue aapeca
CKBaKHOCTH 210
BBIXOJHOIO CHrHAJa

Pucynok 4.3 — Ipopomkenne 610K cxembl 06paboTunKa npepoiBaHui ALl

Auem
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5.3 JIMCTHHT NPOrpaMMBl
Jlns Gonee HArJAAHOrO MOsICHeHUs pabOThI MPOrpamMMbl NPHBEIEM noApoOHLIH
TMCTHHT IpOrpaMMBI Ha si3bike Assembler:

_include "m8535def.inc";noaxmouenne OubIHOTEK

.cseg

.org 0; cbpoc no BBOALYy Reset

Rjmp Reset

.org $00E; BeKTOp NpepbIBAHAA 110 3aBEPIICHHIO ALIIT npeobpasoBanus
Rjmp ADC read

.org 8020

org $100

db 127,127,127, 127,127, 127, 127, 127,127, 127, 127, 127, 127, 127, 127
db 127,127,127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127
db 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127
db 127,127,127, 127,127, 127, 127, 127, 127, 127,127, 127, 127, 127, 127
.db 127,127, 127,127, 127,127, 127, 127, 127, 127

db 127,127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127
db 127,127,127, 127,127, 127, 127, 127,127, 127, 127, 127, 127, 127, 127
.org $200

.db 127, 133, 138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120

.db 127, 133, 138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120, 127,133,
138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120, 127

.db 127,133, 138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120

.db 127,133, 138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120, 127,133,
138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120, 127

.db 127,133, 138, 141, 138, 133, 127, 120, 115, 112, 111, 112, 115, 120

Aucm
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.db 127, 133, 138, 141, 138, 133, 127, 120, 115, 112,111, 112, 115, 120, 127,133,

138, 141, 138, 133, 127,120, 115, 112, 111, 112, 115, 120, 127
.org §300

.db 127, 139, 149, 156, 158, 156, 149, 139, 127, 114, 104, 97, 95,97, 104, 114
.db 127, 139, 149, 156, 158, 156, 149, 139, 127, 114, 104, 97, 95,97, 104, 114
.db 127, 139, 149, 156, 158, 156, 149, 139, 127, 114, 104, 97, 95, 97, 104, 114
.db 127,139, 149, 156, 158, 156, 149, 139, 127, 114, 104, 97, 95,97, 104, 114
.db 127, 139, 149, 156, 158, 156, 149, 139, 127, 114, 104, 97, 95, 97, 104, 114
.db 127, 139, 149, 156, 158, 156, 149, 139, 127, 114, 104, 97, 95, 97, 104, 114

.org §400

.db 127, 145, 160, 170, 174, 170, 160, 145, 127, 108, 93, 83, 79, 83, 93, 108
.db 127, 145, 160, 170, 174, 170, 160, 145, 127, 108, 93, 83, 79, 83, 93, 108
.db 127, 145, 160, 170, 174, 170, 160, 145, 127, 108, 93, 83, 79, 83, 93, 108
.db 127, 145, 160, 170, 174, 170, 160, 145, 127, 108, 93, 83, 79, 83, 93, 108
.db 127, 145, 160, 170, 174, 170, 160, 145, 127, 108, 93, 83, 79, 83, 93, 108
.db 127, 145, 160, 170, 174, 170, 160, 145, 127, 108, 93, 83, 79, 83, 93, 108
.org $500

.db 127, 151, 171, 185, 190, 185, 171, 151, 127, 102, 82, 68, 63, 68, 82, 102
.db 127,151, 171, 185, 190, 185, 171, 151, 127, 102, 82, 68, 63, 68, 82, 102
.db 127, 151, 171, 185, 190, 185, 171, 151, 127, 102, 82, 68, 63, 68, 82, 102
.db 127, 151, 171, 185, 190, 185, 171, 151, 127, 102, 82, 68, 63, 68, 82, 102
.db 127, 151, 171, 185, 190, 185, 171, 151, 127, 102, 82, 68, 63, 68, 82, 102
.db 127, 151, 171, 185, 190, 185, 171, 151, 127, 102, 82, 68, 63, 68, 82, 102
.org $600

.db 127, 157, 182, 199, 206, 199, 182, 157, 127,96, 71, 54, 48, 54, 71, 96
.db 127, 157, 182, 199, 206, 199, 182, 157, 127, 96, 71, 54, 48, 54, 71, 96

H0Ypl'Y-13.04.02.2016. 320.01./13

Ham

Auem Ne dokym. Nednuce | Jama

Aucm

30




.db 127, 157, 182, 199, 206, 199, 182, 157, 127, 96, 71, 54, 48, 54, 71, 96
db 127,157, 182, 199, 206, 199, 182, 157, 127, 96, 71, 54, 48, 54, 71, 96
.dblZ&,15?,182,199,206,199,182,15?,12?,96,?1,54,48,54,?1,96
db 127,157, 182, 199, 206, 199, 182, 157, 127, 96, 71, 54, 48, 54, 71, 96
.org $700

db 127,163, 194, 214, 221, 214, 194, 163, 127, 90, 59, 39, 32, 39, 59, 90
.db 127, 163, 194, 214, 221, 214, 194, 163, 127, 90, 59, 39, 32, 39, 59, 90
db 127, 163, 194, 214, 221, 214, 194, 163, 127, 90, 59, 39, 32, 39, 59, 90
db 127,163, 194, 214, 221, 214, 194, 163, 127, 90, 59, 39, 32, 39, 59, 90
db 127, 163, 194, 214, 221, 214, 194, 163, 127, 90, 59, 39, 32, 39, 59, 90
-.db 127,163, 194, 214, 221, 214, 194, 163, 127, 90, 59, 39, 32, 39, 59, 90
.org $800

db 127, 175, 216, 244, 254, 244, 216, 175, 127, 78, 37,9, 0,9, 37, 78
.db 127,175, 216, 244, 254, 244, 216, 175, 127, 78, 37,9, 0, 9,37, 78
db 127,175, 216, 244, 254, 244, 216, 175, 127, 78, 37,9, 0,9, 37, 78
db 127,175, 216, 244, 254, 244, 216, 175, 127, 78, 37,9, 0,9, 37, 78
.db 127, 175, 216, 244, 254, 244, 216, 175, 127, 78, 37,9, 0,9, 37, 78
db 127, 175, 216, 244, 254, 244, 216, 175, 127, 78, 37,9, 0,9, 37, 78

Reset:

B KOTOPYIO HEOOXOZMMO BEPHYTHCH MOC/IE BBITOIHEHH obpaboTunka
\NpephIBAHH)

Ldirl6, 2

Ldirl7, $5f
Qut spl, r17
Out sph, r16

-nanee WAeT MHHIHAIH3anus creka(obnacTh naMATH, /1€ XpaHHTCA aapec ;,CTPOKH
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:fanee HAeT MHUIMATH3aLus TIOPTOB HAa BBOJ MJIH BbIBOJI CHIHAIA
Clrri6

Ldirl7, $fF

Out DDRA, r16

Qut DDRD, ri17

Out DDRB, ri7

:fjasiee WIEeT octaHoBKa TaiimepoB U ALIIT, oOHy/eHHe CHETHBIX PErHCTPOB
Out TCCRO, r16

Out TCNTO, r16

Out TCCRIB, ri16

OUT TCCRIA, ri6

Out TCNTIH, rl6

| Out TCNTIL, ri6

| Out ADMUX, r16

Qut ADCSRA, rl6

Out ADCL, ri16

Out ADCH, r16

, ; Jlajiee WIeT yCTAHOBKA CKBAXKHOCTH IPH KOTOPOH CpejlHee 3HaYeHHe Ha
sBeIXozaepasHo 0

Ldirl7, 127

Out OCRO, ri17

Out OCRIAL, rl17
OUT OCRIAH, rl6
OUT OCRIBL, r17
Out OCRIBH, rl6

; Jlanee ujeT HacTpoiika TaiMepos

Aucm

32

OYpl'y-13.04.02.2016. 320.01.7/13

Han. | Mucm N Jokym. Modnuce | Aoma

- _——e—.—________________ )




A A A A e s e 0 P S M M e -

Ldirl7, 369

Ldirl8, $09

Ldi r;';?. $41

Out TCCRO, r17;Kn=1, pexum paborsl npsmoi, 6eicTpeiii ILIKHM
Out TCCRIB, rl18; Kn=1, pexum pabotsl npsmoit, 6eictpsiit [LIMM no asym
Out TCCRIA, r19;xananam A u B

:nanee uaer Hactpoiika ALITI

Ldirl7, $20

Ldirl8, 3CE

Out ADCL, r16;06uynenue maaauero perucrpa gaHnsix AL
Out ADCH, r16; obuynenue crapuiero peructpa aaHubix AL

Out ADMUX, r17; cuuTbiBaHHe HieT co Bxoaa PA(), BoipaBHHBaHHE 110 JIEBOMY
Kpato

Out ADCSRA, r18;paspeienue paborsl ALIII, paspeiierie npepoiBaHts OT
:komnaparopa, Kn=64, onuHouHoe npeobpasosaHune

Ldi zh, 2;ycTaHOBKa 3HaY€HMs CTApILIEro perucTpa ajapecainH

Ldi r20, I; npu 1 nonaganuu B o6paborunk curuana AL obpabareiBaetcs
;CHTHAJI aMILTATY /bl

Sei; rnodanbHOE paspelleHHe npepbiBaHHH

main:

rimp main; oxunauue 3apepuenue ALl npeobpazoBanus
ADC read:

Out ADCSRA, r16; ocraHoBKa npeodpasosareis

:OMHCaHWe JOTMKH BeIGopa HeoOX0AUMOMH MOANPOrpaMMBI MMPUBE/ICHO B JMYHKTE
4.4

SBRC r20, 0

Rimp ampl

Auem
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SBRC r20, 1
Rjmp ugol

Rjmp cﬁlmsr

ampl: ; onucanue paboTel NOANPOrPaMMBI amplnpUBeIeHOB MyHKTE 5.4
Ldir20, 2

In zh, ADCL

In zh, ADCH
Swap zh

Andi zh, $0E
Ldir2l, 2

Add zh, r21
Ldirl8, 322

Out ADMUX, r18
Rjmp end

ugol:

Ldir20, 4

In r22, ADCL; obnynenne miaaamux 60ToB ALII

In r22, ADCH, 3arpy3ka ctapmux OMTOB JaHHBIX ALII
Swap r22; 3amena HHOOIOB MeCTaMH

Andi r22, $0fBeienenue 4 crapuux 6uT HHGOpMALHH
Ldirl8, $21

Out ADMUX, r18; nactpoiika ALIIT Ha cYyMTBIBAaHKE B CIIEYIOLIEM TAKTE
-curanac PA2

Rjmp end; nepexon mno Metke end
- onucanne paboThI NOATPOrpaMMbl chast IPUBEACHO B ITyHKTE 4.4

chast:
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Idi 20, 1

in zl, ADCL

in zl, ADCH
swap zI

andi zI, $0f

Add zl, r22

Lpm

Out OCRO, r0
Ldirl9, 5

Add zl, r19

Lpm

Out OCRIAL, r0
Ldirl9, 5

Add zl, r19

Lpm

Out OCRIBL, r0
Ldirl8, $20

Out ADMUX; r18
end.

Idirl7, $CE

out ADCSRA, r17; 3amyck ALIII

reti; koHell obpaboTyHka.

. | Auem Ne dawyn. Modnucs | fama

IOVpI'Y-13.04.02.2016. 320.01.173

Aucm

33

—




5.4 Onucanue paboThl MOANpPOrpamMm

Jlns BHIMOJHEHHS AIrOPHTMa HeoOXOIMMO ToouepeHo 00pabaTeiBaTh CHIHA-
JIBl € TPEX aHANIOrOBBIX CHrHAOB. [l 5TOro, NpU nonajiaHuy B 00paboT4nk cur-
nana AL, curran obpabareiBaercs, nocne qero ALIIl HacTtpanBaercs Ha npuem
ClIe/IyIOLIEero CHrHaa.

Jlns onpejiefieHus KaKoil MMEHHO M3 BXO/IHBIX aHAJOrOBBIX CHIHAJOB ObLT 00-
paboraH, ciyxuT peructp R20(Ha 610K cXxeMe pPerucTp cueta KoMaHjl) H3Hayaib-
Ho (NpH TEPBOM 3alycKe NpPOrpamMMbl) OH YCTAHABIMBAETCs B 3HaueHue pasHoe |.
Jlanee npH Kaxaom nonaganuu B obpaborunk ALl on cmemaercs BieBo (yBenu-
YHBAETCS BIBOE) M [0CIE M0C/eA0BaTe/IbHOH 00paboTKH BCEX TPeX BXOMHBIX CHI-
HAJIOBPErHCTP BHOBb YCTaHaBnuBaercs B 1.

Ilpu nonaganuu B ob6pabortumk ALl nmporpamma nposepseT Hanu4ue «I» B
furax peructpa R20.Ecnu «1» Haxoautes B Mnajuem Oute mepexoaut K obpa-
GOTKe CHrHajla 1o aMIuIuTye, ecnu B | OuTe nepexonut Kk 06paboTke curHana no
yray casura ¢as, eciau Bo 2 OuTe To nepexoauT K 0O6paboTke CHrHaNA Mo 4acToTe.

Onucanue paboThl noanporpaMmsl ampl:

B nauno# noanporpamme obpabarbiBaeTcs CHTHAN 3a/1al01IMI aMILTHTY Ly .

Jlns 3aganus HeoOXOIMMON CKBAKHOCTH MCrolib3yeTes aapecauus K fleshna-
MSITH, IIPAYEM aJpPecoM AAHHBIX CIyXHT 2 peructpa zh(r3l)u zl(r30) kotopbimMu
MOJKHO YIIpaB/IATE paszaenbHo. B nanHo# nporpamMme Uis 3a1aHis aMIUIHTYAbI HC-
NoJb3yeTcs CTapLIMi perucTp ajpeca, a Juls 3alaHHs yria HCrojb3yercs Miaj-
[IIHA perucTp ajapeca.

[Ipu obpaborke curHana mo aMIUIMTYjJe, CHayaja, CHTHAall CYHTHIBAETCA W3
ALIT. 3arem, BhiZenAtOTCS 3 cTapiumMx Guta npudem HaxonaTcs oHM B 1-3 Ourax
peructpa zh, 3TO CBS3aHHO ¢ NpHHUMNOM paboTel anpecauun k fleshnams-
TH.IToCKOMBKY NMOTy4YeHHbIH cHrHan MoxeT uamenaTecs oT 0 10 14(ToNbKO YeTHbIe
3HaueHus), a B azpecax HaumHaommxca ¢ 0 3anucaHa nporpaMma HeobGX0aMMO

YBeJTH4HTh ajipeca Ha 2.

Aucm
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[Mocie Toro Kak HeoOxommmbrii curman Obun cuutaH M oOpaboran ALl
HACTPaMBaeTCs Ha CUMTHIBAHME B CIEYIOLIEM TakTe Ha curHai co Bxona PAI w
NPOH3BOJIMTCA NEPEXO]] N0 METKe end.

Onucanue paboTel NoANporpamMmel chast:

Kak 6bi10 CKa3aHO paHee, NpH aJpecalli K JaHHBIM BO fleshnaMATH CTapILKi
PerucTp OTBeYaeT 3a AMIUIHTYy, a Miajmmii 3a yron casura. [lpuuem na yron
cnpura BausieT 2 Bxona: PAl u PA2. Jlannsie 0 uHpopMaluu CYMTaHHOH ¢ PAJ
xpaHaTcs B perucrpe R22, a undopmanus cuutanHas ¢ PA2 3anuceiBaeTcs B pe-
ructp zl. 2 3THX CHIHANA CYMMHPYIOTCS M 3allMChIBAIOTCS B MJIAJILIHH PErucTp aj-
peca. [lanee, BhIeNsAIOTCA cTapiuye OMThI 1 OTOpACckIBAIOTCS MJIAJIIIKE.

[MonyuenHble 3HA4eHHUA zhW zI[ABNAIOTCS ajpecamMd JIAHHBIX, B KOTOPBIX 3alH-
caHbl CKBAXKHOCTH CHTHalOB BhiBoja. [l mosydeHHs JaHHBIX CKBaXKHOCTH 1A
ApYTHX 0GMOTOK HEOGXOAMMO CMECTHTD zlHa TPeTh A 2 OGMOTKH U Ha 2 TPeTH
nepHojia 1a 3 0OMOTKH.

[Mocne mony4yeHUs HeOOXOMMMBIX aPecoB s Ka10# U3 OOMOTOK CHHMTbIBA-
ercst uH(opmaius u3 fleshnamsaTi U ycTaHABIMBAETCA HEOOXOAMMAA CKBAKHOCTb.

Nanee, ALl nactpauBaercsi Ha BBOA curHana ¢ PAOnns CYHTHIBAHHA aMIlIH-

TYIbL.

Aucm

FOVpI'Y-13.04.02.2016. 320.01.173 37

Ham

Aucm N dowyr. Madnuce | fama




5.5 BpemeHHBble AHarpaMmbl paboThl POrpaMMBbl

JI18 HATJISAHOCTH NOSICHEHHs paboThl MporpaMMbl MHKPOKOHTPOJLIEPA NpHBE-
J1leM BpEMeHHbIe AHarpaMMbl paboThbl IIpOrpaMMBl. B MK Atmega TaiimMepsl peaiu-
3yl0TCA HA CHETUHKAX, KOTOPBIE CHHTAIOT CHIHAMIBI, NOABACMBIE € KBapLeBoro pe-
sonatopa. Taiimep cuutaet ot 0 1o 255, np¥ TOM 3HA4YEHHA cyHeTa 3aHOCATCH B
CUeTHBII PerucTp, Mocie JOCTHKEHHs PErHCTPOM CYeTa MAKCHMAILHOTO 3HAYEHHA
oH oOHynsercs (kpusas 1 Ha pucyHke 5.4). 3HaUeHHE PerucTpa CPaBHCHMNA 3aja-
eTcsl TPOrPaMMHBIM ITYTEM Ha OCHOBAHHM aHAIOTOBBIX BXO/JHBIX CHIHANIOB (KpH-
pas 2). 3HaueHue Ha BbIXOJie TaHMepa paBHO jloryueckoit «1» eciii 3HaY€HHE B
CYETHOM PErMCTpe MEHbIIE YeM B PErHCTpe CPaBHEeHNs, B IIPOTHBHOM cirydae 3Ha-

yeHHe Ha BBIXOJe paBHO Joruueckomy «0». B utore Ha BBRIXO/E taiimepa MK

Aucm
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Pucynok 5.4 — K noscruenuio paboTsl TaiiMepa MHUKPOKOHTpPOJLIEpaA:
| — 3HauyeHHWe CYETHOIrO perucTpa raiiMepa, 2 — 3Ha4eHHE PErucTpa CpaBHEHHA

Taiimepa, 3 — L1IMM na BIxoje Taiimepa

Ha pucyHke 5.5 npHBe/eHbl 3aBUCHMOCTH BBIXOAHBIX CHTHA/IOB OT BXOJHBIX.
Boixo/iHas CHHYCOH/Ia CHHXPOHM3HPYETCA C BXO/IHBIM CHTHAJIOM, N0aBacMbIM Ha
1 Bxox MK (xpuBas | Ha pucynke 5.5) u 3a | mepuoji BXOAHOTO CHIHa/Id BBIBO-
autest 1 nepuo/i CHHYCOMABl. AMILIMTY/la BRIXOJHOTO CMIHana 3aBUCHT OT CHIHa-
na, nopasaemoro Ha 0 Bxon MK (Ha pucyHke 5.5 BBIXOJHBIE KPHBbIE 5 u 6 no-
CTpOEeHBI /Ul BXOJIHOTO CHIHaja KpWBOH 2, a BbIXOAHAA KpHBasd 7 nnst BXOIAHOH
kpuBoit 4). Yron capura ¢a3 B 3aBHCHMOCTH OT CHIHasa rojaBaeMoro Ha 2 BXOJl
MK (na pucyHke 4.5 BBIXOJHbIE KPHBbIE 5 H 7 TIOCTPOEHBI 1A BXOJHOMH KPHBOH 3,

a BBIXO/IHAs KpMBas 6 MOCTpOEHa /IS HYJIEBOTO 3a/laHus yriia caBura §as).
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PucyHok 5.5 — BpemenHbIe qHarpaMMbl CHIHAJIOB
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6 [TIPOBEPKA PABOTbI CXEMBI

ITocsie TOro Kak njaTa M3rotosieHa HeoOXO0IHMO NPOBEPHTE ee paboTy OT-
JeJIBHO OT CHJIOBBIX CHCTEM, NTOCKOJIBKY NPH €e HenpaBHiIbHOH paboTe ecTh pHCK

HaHecTH yiepb yike uMeroliemycs nabopaTropHomy 000py/10BaHHIO.

JU1st noJTy4eH s BXOJHBIX aHAOrOBbIX CHTHANOB | 1 2 ObUIM HCII0/Ib30BaHBI
MOTEHLIOMETPBI. A JUIs MOJIy4eHus 3 BXOJHOTO CHrHana (muibl) ObL1 HCTIONB30BaH
MoyJib « MHKPOKOHTPOJLIIEP» ¢ MPOrpaMMO# KOTOpas BbljlaBajia Ha BbIXO/IE CHI-

HAJI IIUPOTHO-UMITYJIBCHOM MOJY/ISLIHH C H3MEHAIOIIEHCA CKBaKHOCTHIO H R-C

hUABTP.

B xose npoBepKH OBUIO BHIABIEHO YTO BLIXO/HBIE CHTHATIbBI HMEIOT CTYIEH-
yarylo GopMy, OCKOJIBKY B MPOrpaMme UCronb3yercs 16 ToYek Ha NepHol CHHY-

COMIBI H CTOMT (PHIILTP € MAJIOH NMOCTOAHHOH BPEMEHH.

Jlnsa vcripasiieHus JaHHO#H npobieMbl KOHIEHCATOPbI B 0OpaTHOMN CBA3H
onepalMoHHbIX yeusuteneil 6sutH namerens ¢ 10 H® o 1 Mx®. [Tomumo aTOrO

nporpamma Obiy1a H3MEHEHA JUIA Noay4YeHus 32 TOYeK Ha BhIXO/IE.
Hike npHBeieH JIMCTHHT nporpaMMel s 32 TOYEK Ha CHHYCOHIY:

.include "m8535def.inc";noaxmovenne 6ubnanoTex

.cseg

.org (; cbpoc no BBoay Reset

rimp reset

.org $00E; sextop npepbiBanus 1o 3apepiiennio ALl npeobpasosanms
rimp ADC read

.org 020

.org §100

Auem
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.db 127,127,127, 127, 127, 127, 127, 127, 127, 127,127, 127, 127, 127, 127, 127,
127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127, 127,
127

.org $200

.db 127,131, 134, 137, 140, 142, 144, 145, 145, 145, 144, 142, 140, 137, 134, 131,
127, 123, 120, 117, 114, 112, 110, 109, 109, 109, 110, 112, 114, 117, 120, 123

.org $300

.db 127, 134, 141, 147, 153, 157, 161, 163, 163, 163, 161, 157, 153, 147, 141, 134,
127,120, 113, 107, 101,97, 93,91, 91, 91, 93, 97, 101, 107, 113, 120

reset.

rimp _reset

ADC read:

rimp ADC read
.org $400

.dh 127, 138, 148, 157, 165, 172, 177, 180, 181, 180, 177, 172, 165, 157, 148, 138,
127, 116, 106, 97, 89, 82, 77, 74, 73, 74, 77, 82, 89, 97, 106, 116

.org §500

.db 127, 141, 155, 167, 178, 187, 194, 198, 200, 198, 194, 187, 178, 167, 155, 141,
127, 113, 99, 87, 76, 67, 60, 56, 54, 56, 60, 67, 76, 87, 99, 113

.org 600

.db 127, 145, 162, 177, 191, 202, 211, 216, 218, 216, 211, 202, 191, 177, 162, 145,
127, 109, 92, 77, 63, 52, 43, 38, 36, 38, 43, 52, 63, 77, 92, 109

.org §700

db 127, 148, 169, 187, 204, 218, 228, 234, 236, 234, 228, 218, 204, 187, 169, 148,
127, 106, 85, 67, 50, 36, 26, 20, 18, 20, 26, 36, 50, 67, 85, 106

.org §800

.db 127,152, 176, 198, 217, 233, 244, 252, 254, 252, 244, 233, 217, 198, 176, 152,
127, 102, 78, 56, 37,21,9,2,0, 2,9, 21, 37, 56, 78, 102

Aucm
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_resel:

-nasiee WIET MHHIHaNH3auus creka(obnacTs NamMATH, I/ie XpaHHTCA aipec ;CTPOKH
B KOTOPYIO HEOOXO0AHMO BEPHYTHCS MOC/IE BBINOIHEHHA obpaboTunka
;IpepLIBaHHH )

Ldirlié, 2

Ldirl7, 85f

Out spl, r17

QOut sph, rl6

- aJiee WjeT MHHLHAIN3alus IOPTOB Ha BBOJ MJIH BBIBOJI CHIHAla

Clrri6

Ldirl7, $ff

Qut DDRA, rl6
Out DDRD, ri17
Out DDRB, r17
-nasiee uaeT octaHoska TaiiMepos i ALl obHyneHHe CUETHBIX PErHCTPOB
Out TCCRO, ri16
Qut TCNTO, r16
Out TCCRIB, rl6
OUT TCCRIA, rl6
Out TCNTIH, rl6
Qut TCNTIL, r16
Out ADMUX, ri6

Out ADCSRA, rl6
Out ADCL, ri16
Out ADCH, r16

Auem
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: Jlajlee UIeT YCTaHOBKA CKBAKHOCTH MPH KOTOPOH Cpe/iHee 3Ha4YeHHE Ha
:BeIXoaepasHo 0

Ldirl?7, 127

Qut OCRO, r17

Out OCRIAL, r17

OUT OCRIAH, r16

OUT OCRIBL, r17

Out OCRIBH, ri6

; Jlajiee UIeT HaCTpPOHKa TaliMepoB

Ldirl7, 869

Ldirl8, $09

Ldirl9, 841

Out TCCRO, r17;:Kn=1, pexum pabotsi npsmoit, oeictperiit LM
Out TCCRIB, r18; Kn=1, pexum paborsl npsmoit, Geictpeiii LIMM no asym
Out TCCRIA, ri9;xananam A u B

-nasnee uaer Hactpoiika ALII

Ldirl7, 820

Ldirl8, $CF

Out ADCL, r16;06uynenne maaauero perucrpa ganubix AL
Out ADCH, r16; o6nynenue crapiuero perucrpa AanHsix AL

Out ADMUX, r17; cautsiBanue uaet co Bxona PA(, BbipaBHUBaHHE 110 JIEBOMY
yKparo

Out ADCSRA, ri18;paspewenne pabotsl AL, paspeuenne npepelBaHns oT
;komnaparopa, Kn=64, onnHo4noe npeobpa3soBaHue

Ldi zh, 2;ycTaHOBKa 3HAUEHHs CTApLIEro perucTpa aapecaluu

Ldi 20, I; npu 1 nonanauuu B o6paborunk curnana AL oGpabarsiBaercs
;CHTHAJ AMIUTHTY 1b]
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Sei: rnobanbHOE paspelleHne npepeiBaHui

main:

rimp m'afn; oxunanne 3asepiuenne AL npeoOpazoBaHus
_ADC read:

Out ADCSRA, r16; ocraHoBKa npeodpa3oBarelis

-OMUcaHue JTOrHKH BeIGOpa HeoOXoANMOH NOANPOrpaMMbl PHBECHO B JITyHKTE
4.4

inrl8 ADMUX
cpi rl8,0x20
breq ampl
cpirl8,0x21
breq ugol

rimp chast
ampl: ;
Ldir20, 2

In zh, ADCL

In zh, ADCH
Swap zh

Andi zh, S0E
Ldir2l, 2

Add zh, r21
Ldirl8, 821
Out ADMUX, ri18
Rjmp end

ugol:

Ldir20, 4

FOYpI'Y-13.04.02.2016. 320.01./73
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In r22, ADCL; obuynenne mnaaumux 6oros AL

In r22, ADCH; 3arpyska crapuux 6utos nqanusix AL
Andi rz:‘Z, $/8;se11eneHue 4 cTapiuux 6T HHGOPMALIHH
Isrr22

Isr r22

Isrr22

Ldirl8, $§22

Out ADMUX, r18; nactpoiika ALI[1 Ha cunuTBIBaAHKE B CIEAYIOLIEM TAKTE
:curaanac PA2

Rjmp end, nepexon no meTke end
chast:

Idi r20, 1

inzl, ADCL
inzl, ADCH
andi zI, 3f8
Isr zl

Isr zl

Isr zl

Add zI, r22
andi zI, $1F
Lpm

Out OCRO, r0
Ldirl9, 11
Add zl, r19
andi zl, $1F

Lpm
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Qut OCRIAL, r0
Ldirl9, 11

Add zl, .rf9

andi zl, $1F

Lpm

Out OCRIBL, r0
Ldirl8, 820

Out ADMUX, r18
end.:

Idirl7, 3CF

out ADCSRA, r17; sanyck ALII1

reti; koHell obpaboT4uHKa.

Aucm
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7 MEPEYEHb JJOKYMEHTALIMHU K ITJIATE

OnHxoit U3 3a1a4 NaHHOH paboThl ABIAETCA MOArOTOBKA JOKYMEHTALIMH, KO-
Topas ocraHercs B 1abopaTopuu Ui «Byaymux nokonenuii». JlanHas 10KyMeH-

Tauus Oyaer cofepiKarh:

1) IpHHUHMIHANBEHYIO CXEMY IUIAThI;
2) ®oromabioH MIaTkl,

3) INlepeyeHb 1€MEHTOB ILJIATHI;

4) MOHTaXHYIO CXEMY IUIATHI;

5) Biiok cxeMy mporpamMsl;

6) JIMCTHHT NpoOrpaMMel.

Aucm
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Tabnuua 7.1 — [lepeueHb 3J1eMEHTOB MCIIO/IB30BaHHBIX B IJlaTe
Tun aneMeHTa Hamuuan VYkazareib KonuuecTBo, 1T
Konnenearop 10 ad Cl, C2 C3 3
Konaencarop 100 ud C4, C7 C9 CI0 4
Kounaencarop 15 nd C5. C6 2
INEKTPOJIHT 47 mxd C8 1
INEKTPOJIHT 100 mx® Cli, Cl2 2
DNIEKTPOJIHT 100 n® Ci3 1
HHayKTHBHOCTE Hpoccens Ll 1
PesucTtop 680 Om R1, R4, RS 3
Pesucrop 1 kOm R2, R3, R6, R8, R10, 10
RI2 RI6, RI7, RIS,
RI9
l Peancrop 2 kOm R7, R9, RI1 3
[Toacrpousnoe conpo- | 20 kOm RI3, RI4, RIS 3
THBRJICHHE
 Pesucrop 1 kOm R20, R25, R26 3
Pesucrop 100 Om R21, R22, R23 3
Pesuctop 4,7 xOm R24 1
Pesucrop 0 Om R27 1
Onepannontstii yeu- | OPO7CP Ui, U2, U3 3
JIHTESb
JTuneiinwii crabum- | TL4311Z U4 1
3aT0p
l Mukpokontponiep | ATmega8535-16P1 Us 1
JInneilnsiii crabum- | L7805CV 9] 1
3aTO0p
| Tlnox BAT 42 VDI, VD2, VD3, 6
VD4, VD3, VD6
Jlnon IN4148 VD7, VD8 2
I Passem Header-6 XPI 1
Paznem 361-031-12 XP2, XP3, XP4, XP5 |4
Ksapuessiii pezona- | /16 MI'y Yl 1
I TOp
] Muem
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PucyHok 7.4 — MonTaxHas cXeMa IUIaThl CO CTOPOHBI IOPOKEK
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Hauano

v

HMuunpanu3anus CTeKa H
[OPTOB

:

OcTaHoBka paboThl
tafimepoB 1 ALILI,
oOHyneHHe CHETHBIX
pErucTpOB M PErHCTPOB

nanubix AL

!

VeTaHOBKA HAYaJIbHOH
CKBaXHOCTH

A J

3anyck Taiimepos H ALII

k.

YcTaHOBKA Ha4allbHbIX
3HaYeHHH ajgpeca H cyeTa
ornepaumii

.

['mobansHoe paspelieHne
npepbIBaHUH

Hert

Ja

[ Konen J

Pucynok 7.5 — biiok cxema OCHOBHOI'O LIHK/IA NIPOrpaMMBbl

Aucm
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ADC read

h

OcranoBka paboTsl

ALl

3Ha4veHHe perucTpa
cueTa ornepauuii
paBHo 17

Jla

v
YcraHoBKa perucrpa cyera
omnepaLiHii paBHbLIM 2

h
3arpy3Kka JJaHHBIX C
HeT AHaNnoroBoro Bxoaa

3HaueHHe perucTpa
cyeTa onepauui
pasHo 27

h 4

Beigenenue 3 crapuuii 6HT

h

r
YecraHoBKa peruerpa cuera @ Hacrpoiika ALl Ha cuuTEI-
paBHEIM 4 BaHHE ¢ 3ro KaHana

'

3arpy3ka JIaHHBIX C
aHAJIOrOBOrO BXOJIa

™ h

4 Buienenue 4 crapmmx 6uT
HHpopmaun

»| Hacrpoiika AL na cunTsI- A @
BaHHe cO 2ro KaHaia

Pucynok 7.6 — bBiiok cxema o6paborumka npeprianuii AL
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Auecm
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v

VeTdHOBKA perucrpa cuera
paBHbIM |

3arpy3ka JaHHbIX U3
flashnamaTH

3

|

3arpy3Ka JaHHBIX €
aHAJIOroBOI0 BXO/A

l

HacTtpoiika CKBaXKHOCTH
2ro BBIXOJHOIO CHrHamna

|

Brigenenune 4 crapmux 6ut
HHpOpMALHH

Beruucnenue ajgpeca
CKBaKHOCTH 310
BBIXOJIHOI'O CHIHANIa

!

h 4

3arpy3ska JaHHBIX M3
flashnamsaTu

Hacrpoiika AL Ha cun-
ThIBaHHE ¢ |1 ro KaHana

A J

b

HacTpoiika CKBaXKHOCTH
310 BBIXOJHOI'O CHIHAIIA

BriducieHHEe CYMMBI
CHI'HAJIOB 3aJlaHMA yTiia
capura (a3 ¥ yria nouo-

JKEeHHS AKOPA

il

3

3amyck AL

1

3

Konen

3arpy3ka IaHHBIX W3
flashnamATy

HacTtpoiika CKBaXXHOCTH
1ro BBIXOJAHOIO CHIrHana

:

Briuncnenue ajapeca
CKBaKHOCTH 210
BBIXOJIHOI'O CHIHaJIa

Pucynok 7.7 — Ilponomxenue 610K CXeMBI obpaborumka npepeiBanui AL
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JIMCTHHT NpOrpaMMsl Ul MHKPOKOHTpOJUIepa:
.include "m8535def.inc";noaknroyenne OMOIHOTEK
.cseg
.org (; cObpoc no BBOJY Reset
rimp reset
.org $00E; sexTop npepsiBanus no 3apepiennio ALl npeobpasosanus
rimp ADC read
.org $020
.org §100

db 127,127, 127,127, 127, 127, 127, 127, 127, 127,127, 127, 127, 127, 127, 127,
127, 127 127, 127, 127,127, 127,127, 127, 127, 127,127, 127, 127, 127, 127,
127

.org $200

.db 127, 131, 134, 137, 140, 142, 144, 145, 145, 145, 144, 142, 140, 137, 134, 131,
127, 123, 120, 117, 114, 112, 110, 109, 109, 109, 110, 112, 114, 117, 120, 123

.org $300

db 127, 134, 141, 147, 153, 157, 161, 163, 163, 163, 161, 157, 153, 147, 141, 134,
127, 120, 113, 107, 101, 97, 93, 91, 91, 91, 93, 97, 101, 107, 113, 120

reset:

rimp _reset

' ADC read:

l rimp ADC read
.org $400

) .db 127, 138, 148, 157, 165, 172, 177, 180, 181, 180, 177, 172, 165, 157, 148, 138,
127, 116, 106, 97, 89, 82, 77, 74, 73, 74, 77, 82, 89, 97, 106, 116

.org §500

Auem
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db 127, 141, 155, 167, 178, 187, 194, 198, 200, 198, 194, 187, 178, 167, 155, 141,
127, 113, 99, 87, 76, 67, 60, 56, 54, 56, 60, 67, 76, 87, 99, 113

.org 3600

db 127, 145, 162, 177, 191, 202, 211, 216, 218, 216, 211, 202, 191, 177, 162, 145,
127, 109, 92, 77, 63, 52, 43, 38, 36, 38, 43, 52, 63, 77, 92, 109

.org §700

.dh 127, 148, 169, 187, 204, 218, 228, 234, 236, 234, 228, 218, 204, 187, 169, 148,
127, 106, 85, 67, 50, 36, 26, 20, 18, 20, 26, 36, 50, 67, 85, 106

.org §800

db 127,152, 176, 198, 217, 233, 244, 252, 254, 252, 244, 233, 217, 198, 176, 152,
127, 102, 78, 56, 37,21,9,2,0,2,9, 21, 37, 56, 78, 102

_reset:

:anee MieT HHHLMam|3alus creka(obnacTb NaMATH, /1€ XPaHHTCA aIpeC ;CTPOKH
B KOTOPYIO HEOOXO0IMMO BEPHYTHCS NOCJIE BHINONHEHHA obpaborurka
:TpepbIBaHHH)

Ldiri6, 2

Ldirl7, $5f

Qut spl, r17

Out sph, ri16

-ajiee ueT HHHIHAIH3alus TOPTOB Ha BBOJL MJIH BBIBOJL CHIHAlIA
Clrrl6

Ldirl7, 8ff

Out DDRA, rl16

Out DDRD, r17

Out DDRB, r17

:nasiee uier octaHoBka TaiiMepos 1 ALIII, oOHy/eHHe CHETHBIX PETHCTPOB

Out TCCRO, ri6

Aucm
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Out TCNTO, rl16
Out TCCRIB, rl6
our ?:CCRJA, rl6
Out TCNTIH, r16
Out TCNTIL, ri16
Out ADMUX;, r16
Qut ADCSRA, rl6
Out ADCL, r16
Out ADCH, r16

; lajiee UIET YCTAHOBKA CKBaXHOCTH IPH KOTOPOH Cpe/iHee 3HauYeHHe Ha
;BeixozepasHo 0

Ldirl7, 127

Out OCRO, r17

Out OCRIAL, r17

OQUT OCRIAH, rl6

OUT OCRIBL, ri7

Qut OCRIBH, rl6

; lanee uaeT HacTpoika TaiMepoB

Ldirl7, $69

Ldiri8, 309

Ldirl9, $41

Out TCCRO, r17;Kn=1, pexum pabotsl npsmoH, 6bictpsiii [LIMM
Out TCCR1B, ri18; Kn=1, pexum pabotel npaMoi, OeicTpsiil ILHIMM no asym
Out TCCRIA, r19;xananam A u B

;nanee uaet Hactpoika ALLLL

Ldiri7, $20

OVpl'Y-13.04.02.2016. 320.01.773
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Ldirl8, $CF

Out ADCL, r16;06uynesune mnammero perucrpa aanHsix AL

Out ADCH, r16; obHyseH#e crapiero peructpa aanHbix AL

Out ADMUX, r17; cuuthiBanue uaet co sxona PA0, BoipaBHMBaHHE 110 JICBOMY

;Kpato

Out ADCSRA, ri18;paspewenue paborsl ALILL, paspemeHne npepeIBaHkA OT

:kommnaparopa, Kn1=64, oqunounoe npeodbpasoBaHue

Ldi zh, 2;ycTaHOBKA 3Ha4Y€HHsA CTApILIEro perucTpa aapecalui

Ldir20, 1, npu 1 nonananuyu B 00pabOTHHK CHTHANIA ALIIT obpabareiBaeTcs

:CUTHAJT aMIUIUTY bl

Sei; rnobanpHOE pa3pellieHHe npephiBaHuH

main.

rimp main; oxupanue 3asepuerne AL npeobpa3oBaHHs

_ADC read:

Out ADCSRA, rl6; ocranoBka npeoOpasosarens

.OnHCAHMeE JIOTHKH BBIOOpa HEOOXOMMMOMH MOANPOrpaMMbl IPUBEJICHO B JITYHKTE

4.4

in r18, ADMUX
cpi ri8,0x20
breq ampl
cpirl8,0x21
breq ugol
rimp chast
ampl: ;
Ldir20, 2

In zh, ADCL
Inzh, ADCH

Haw,

Aucm Nt doxy.

Mednuck
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Swap zh

Andi zh, $0E

Ldir2l 2

Add zh, r21

Ldirl8, 821

Out ADMUX, ri8

Rjmp end

ugol:

Ldir20, 4

Inr22, ADCL; obuynenue mnamuux 6oros AL

In r22, ADCH; 3arpy3ka crapumx 6uToB nanssix AL
Andi r22, $f8;binenenne 4 crapmux 6uT HHpOpPMALUH
Isrr22

Isrr22

Isrr22

Ldirl8, $22

Out ADMUZX, r18; nactpoiika ALIIl Ha cuuTBIBAHHE B CJEIYIOLICM TAKTE
:curranac PA2

Rjmp end, nepexo no meTke end
chast:

Idi r20, 1

inzl, ADCL

inzl, ADCH

andi zI, $f8

Isr zl

Isr zl
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Isr zl

Add zl, r22

andi zl, ..SIF
Lpm

Out OCRO, r0
Ldirl9, 11

Add zl, r19

andi zI, $1F
Lpm

Out OCRIAL, r0
Ldirl9, 11

Add zl, r19

andi zl, $1F
Lpm

Out OCRIBL, r0
Ldiri8, 820
Out ADMUX, rl8
end.

Idirl7, 3CF

out ADCSRA, r17; 3anyck ALITI

reti; koHel, oOpaboTymKa.

Han,

Aucm N dawye. Madnuce

Hama
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3AKJIIOYEHHUE

Jlanuas gurioMHas pa6ota Gbila NOCBALIEHA TPOSKTHPOBAHUIO y3/a (POPMH-
poBaHus (pazHBIX TOKOB s 1aDOPaTOPHOro CTEHAA No6.

OnucaHsl y3/bl CTEHJa HCIOJIb3yeMble MPH HaCTOTHO-TOKOBOM YMNPABICHHH
CHHXPOHHBIM JIBUraTeNeM.

B MOSCHUTENBHON 3aMMcKe MPUBEIEHO CPaBHEHHE Pa3lMYHbIX CI10coboB pea-
nu3auMK y3na GopMupoBaHus (azHbIX TOKOB W MOACHEHHE, NOUEMY BEIOpaH OIHH
M3 HUX.

[ToapoGHo pacemoTpeH criocob peanusauuu Ha 6ase MHKPOKOHTPOJLIEPA, MO~
CKOJIBKY OH MMEET HArJIAIHOCTE KaK y CelbCHHOB, HO IIPH 5TOM JICHICB/IE U MPOLUe
8 MoHTaxe. Jlis manHoro crocoba ynpasienns Obuia paspaboTaHa rniara W airo-
PUTM TIPOTPaMMBbl U1 MUKPOKOHTposiepa. [lis nosScHeHH paboTsl NPOrpaMMBl

NpHBE/ICHbI BPEMEHHbIE THArPAMMBI CUTHAJIOB H BJIOK CXeMa NporpamMMmBl.
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