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B.H. lonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

Mopoit rAynocT Mbl Aenaem, OCHOBbIBAasACb Ha BMOJHE PasyMHbIX MNPeAnooXKeHUAX M A06pbIX

HamepeHUnax.

Cny4mnoch TaK, YTo A B3A/ICA 33 PEMOHT O4HOM0 YCTPOWCTBA, YTO, KaK NpaBuao, He aenato 6e3 KecToKom
HeobxoaMmocTU. He cnyTHMKOBaA CMCTEMA, HO MPU OTCYTCTBMM CXEMbl M OMUCAHWA NPOrpammbl aaa
«cepaua» annapata MMKpPoKoHTpoanepa ATMega 48, 1 3To 3aHATUE, YTO Ha3blBaeTCA, «Ha NtobuTensay.
Ho TaK y»K cnoxuamnce obctoAaTenbCTBa.

Caenas nocnewHble BbIBOAbl Ha OCHOBAaHWW CKYOHOro onucaHuA paboTbl YCTPOMCTBA, A peLuunn
NpoBepUTb MUKPOKOHTpoanep. OAHAaKo BO BCEX YCTPOMCTBAX MMKPOKOHTPOJINEPbI 3alMULWAOT OT
CYMTbIBAHUSA, @, KOTZa A KCHECY» 3aLUMUTY, TO OXKMAAEMO YAAANA U UCXOOHYIO MPOrpammy.

MpoBepKa NoKasana, YTO MMKPOKOHTPONEP BMOJIHE UCpaBeH. Mporpammy NpuLWAOCh NUCaTb 3aHOBO.

I'1aBa 1. Korga cxema ycTpoucTBa OTCYTCTBYET

HauunHan pa60Ty C annapatom, CXembl KOTOpOro y BaC HeT, cneayet 6bITb rOTOBbLIM K TOMY, 4TO
KO/IMYECTBO OLIMOOK OKaxKeTcs 3HauutTenbHbiM. OCobeHHO 3To Kacaetcs COBPEMEHHDbIX yCTpOVICTB C
NOBEPXHOCTHbIM MOHTa*OM. 0O603HayYeHne KOMMOHEHTOB TaK MJIOXO YUTAIOTCA, YTO He BCeraa 3Haellb, C
4yem Tbl meelb Oeno. KoHe4yHo, ecnn 3TO NnaHOBasA npon3soacTtBeHHaA 3a4a4a, TO Ha O3HakKom/eHHne
OoTBOAUTCA BpemMA. B ntobuTtenbckux yCcnoBmnAax, Koraa Xo4deTcAa BCE caenatb «I'IO6bICTpee», cnewka
BHOCWUT CBOM BK/1aj B KO/IMYECTBO OLINBOK.

[aHHbIA annapaTt 6bin pa3spaboTaH Ha 6a3e MUKPOKOHTPOJ/IEPa. ITO HECKOJIbKO yrnpollaeT 3aaady,
MOCKOJIbKY OT KOHTpOJI/Iepa U c/iegyeT «NAscaTb».

K muKkpokoHTpoinepy ATMega 48 noaknioyeHbl ABa ABYXPa3pAAHbIX CEMUCErMEHTHbIX MHAMKATOpA.
YTto noapasymesaeT AMHaMMYECKOe ynpas/ieHWe MHAMKATOpPaMM, CEerMeHTbl KOTOPbIX 3aHUMaT OAMH
M3 MOPTOB MWKPOKOHTPO/NEpa M elé nosoBMHY BTOPOrO MOpPTa 3aHMMaloT obliMe BblBOAbI
MHONKATOPOB.

MoMMMO MHANKATOPOB €CTb 334aTYMK, NOTEHLNOMETP, C MOMOLLbIO KOTOPOTO YCTaHaB/IMBaETCA paboumnii
TOK. Hanumume 3agaTuvka noapasymeBaeT, 4YTO OAMH M3 BbIBOAOB MWMKPOKOHTponnepa bOyaer
MCNONb30BaTbCA B KadecTtse AL,

Bom sma yacme cxemoel U 88ena MeHA 8 3abaywdeHue — A pewus, Ymo UHOUKamMopbl
00/13#CHbI TOKA36IBAMb HAMPAXEHUE, KOMOPOe CYUMbI8aemcs ¢ 3a0amyuKd.

PeanbHas cxema OKasafnacb YCTPOEHHOW MHaye. WMHAMKATOPblI MOKa3blBalOT pPeasnbHbl  TOK,
npoTeKawWmin B pabouyelr uenn 4Yepes 3/1eKTpPogbl. TOK, KOHEYHO, CYMTbIBAETCS KaK nageHue
HaMnps>KeHUss Ha pe3ncTope ¢ HeboNblIMM COMPOTUBAEHUEM, BK/IOYEHHOM B pabouyio uUenb. A
CYMTbIBAHUE eLLé O4HOrO HaNpAMXKeHMA — 3TO 3aJa4a BTOPOro KaHana ALLMM.

B KpaTKOM onucaHuW annapaTa HanucaHo, 4yto pabounin Tok dopmupyeTca C MOMOLLbIO Undpo-
aHanorosoro npeobpasoBaHuA. [1a MWUKPOKOHTPO/A/NEpA pPasymMHO OblI0 NpeanonoXKuTb, U 3TO
noATBEPAMNOCH, YTO NpeobpasoBaHMe OCYLLECTBAAETCA C MOMOLLbIO LUMPOTHO-UMMYIbCHON MOAYNALMM.
To ecTb, 04MH 13 BbIBOAOB popMmupyeTt curHan PWM.

A [AnAa uHTerpaumMm curHana Mcnonblyetca RC uenb, I'IO,CI,KpEI'I/'IéHHaFI onepaunoHHbIM YCUNTUTENNEM.
prp,HO pasanynman Hagnmcb Ha O4HOM M3 KOMIMOHEHTOB 358 pana nosop, cumMTaTb €ro CABOEHHbIM
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onepauMoHHbIM ycuauTenem LM358, nepsas MNOMOBMHA KOTOPOrO MCMOAb3YeTCcA B KayecTse
NOBTOPUTENA YNPaBAAIOWEro HanpsaxeHus. Kotopoe, B CBOIO o4yepeapb, ynpasaaeT TpaH3uctopom IRF.
MosBAEeHWE TPAH3UCTOPOB TAKOTO NJ1aHa CyLLECTBEHHO YNPOCTUIO MHOTUE CXEMHbIE PELLEHW .

MHTepecHbIM OKa3a/siocb pelleHne pa3paboTyMKOB MO BTOPOM MOJIOBMHE OMEPaLMOHHOIo yCUAUTENs,
dopmupytoLero ynpasnatouwee HanpaxeHe. Ho 06 aTom nosxe.

Mo nepsomy BneyaTaeHUo BbIN0 He NOHATHO Ha3HaYeHWe TPaH3UCTOPOB (4acTb C MapKUpoBKol 3G, HO
ecTb U 1G), BKNIOYEHHbIX B Lenn obLLMX 3N1eKTPOA0B MHAMKATOPOB. MX Ha3HauyeHne BbIACHUIOCH TOraa,
KOorga npuwaocb pasbupatbC C KAABMATYpON M3 YEeTbIPEX KAaBWUL, MNOAKAOYEHHBLIX K MepBbiM
cermeHTam MHAMKaTOPOB.

Pene, BKAlovawwee W BblKAKOYaKOLWee pa60qyro uenb, OKa3anocCb 6es MapPKUPOBKNU. A WUCTOYHMK
3BYKOBOIo CUrHana, no4emy Tak caenaHo, He NoHATHO, 6bIn Bbl6paH 3ﬂEKTpOMaFHMTHbIﬁ. UTo, n apyroe
NOAKNHOYaANTI0Ch Yepe3 CBOU TPAaH3UCTOPLI, ynpaBsiAeMble OT BbIBOAOB MUKPOKOHTPO/1/1EPA.

CToMb CyLLeCTBEHHOE WCMOoJ/b30BaHWE MOPTOB KOHTPO//Iepa B KaKoW-TO mepe 06bACHANO, nodvemy
KnasuaTypa, paboTalowas Ha BBOA MHPOPMAUMKM, MOAKAOYANACb MapasieNbHO CermeHTam
WHAMKATOPa, 419 KOTOPbIX BbIBOAblI KOHTPOJI/IEPa A0/XHbI paboTaTh Ha BbIBOA,

I'naBa 2. [IpoBepKa MUKPOKOHTpOJL/Iepa (Ha4yasio)

YT06bl HE TOBOPM/IM, CaMblii BbICTPbIM CNOCO6 NPOBEPUTbL MUKPOKOHTPOJIIEP — 3TO WMCMNOJb30BaTb
rpaduyeckunii A3bIK NPOrPamMmmMmnpPoBaHmA. BbITyeT MHeEHME, YTO 3TU NPOrpammbl NPUTroAHbI TOAbKO A/
TOro, 4tobbl MOMUraTb CBETOAMOAOM. AnnmapaTt, C KOTOPbIM fi CTOJIKHY/CA, AaNeKo He CBeToaumoa,
KOTOPbIM MOMHO TO/AbKO MNOMMraTb. f 3HAlD HECKO/IbKO MNporpamMmm C rpapuyeckum A3bIKOM
nporpammupoBaHua. OgHa 13 HUX co3aaHa oTevyecTBeHHbIM pa3pabotunkom C. MnyweHKo — 3to FLProg
— M npegHasHayeHa ana paboTbl ¢ moaynamu Arduino, YTo He MellaeT, Aymalo, UCNOJb30BaTb €€ U
CO34aHMA Nporpamm Ana paga MUKPOKOHTponnepos AVR. W 3Ty nporpammy aBTop YCNELWHOo
MCNo/1b30Ban NPU HaNMCaHUM NPOrPaMM A8 BECbMA C/IOXKHbIX YCTPOMCTB. Ho B MOéMm cnydyae yaobHee
6b1710 UCNO/Ib30BATL A4PYIYI0 NPOrpaMmy, YTO NOATBEPANIOCH NO3MKE.

[na nosepkn paboTbl AL HY)KHO BbIBOAMTb CUMTbIBAEMbIE AaHHble Ha MHAMKATOpP. Mo3Tomy HayaTb
NPOBEPKY MWKPOKOHTPO/INEPA CAefoBaso C  OpraHusauum  paboTbl  MHAWMKATOpOB. YeTbipe
CEMUCErMEHTHbIX MHAMKATOPA NPU 06bIYHOM NOAKAOYEeHMM noTpeboBann 6bl 6onee YeTblpEX NOPTOB
BbIBOAOB OT MWKPOKOHTpoAnepa. Mo3TOMy WX WCMONb3YIOT B PEXMME AMHAMMYECKON WMHAMKALMMK:
CEerMeHTbl MOAK/YAOT K OAHOMY MOPTY, @ obwue BbIBOAbI K YETbIPEM BbIBOAAM [PYroro nopTa;
ObICTPO MepeKntoyas nocnefoBaTe/ibHO 0bLMe BbIBOAbI, MOXHO BWUAETb BCE YeTbipe WMHAWMKATOPa,
MOKasblBatoLLMe HyKHble UMdpbI.

B nporpamme Flowcode 5 ana AVR Bbibepem KoHTponnep ATMegad8. B pasgene oCHOBHOrO MeHH
«BbIxoabl» Bbibepem 7segd. Ha naHenun noasutcA MHAMKATOP. B OKHe CBOWCTB, BblAennB MHAMKATOP,
Bblbepem pasgen «CoeaAnHeEHMAY, rae NOAKNOYUM UHANKATOP C OOLWMMM aHOZ4aMK:
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YKaxuTe KOMNOHEHThI Pin noaknioueHna “
WMsa nuHa \ NopT | BHT | ~
PORTB 4 a
PORTB 5 —
PORTB 6
PORTB 7 f 8 b

¥ Cerment A PORTD 0

¥ Cerment B PORTD 1 —

¥ Cerment C PORTD 2 e C

¥ Cerment D PORTD 3

F Cerment E PORTD 4 v ——

- d
Momemowat  Nopr: [pORTB =] bur [4 =l Pacnonosenue
Crarye CermeHToB
M Aarion, 3 coepmen OK

Puc. 2.1. MoakntoveHne nHgmkatopa K MK

YTobbl 3akeuyb BCe HY/AW Ha MHAMKATOpe, B MopT D, K KOTOPOMY MOAK/OYEHbl KaToAbl, BMMLIEM
wecTtHaguaTepuyHoe 0xCO. 3aTem B BecKOHeEYHOM UMKAe byaem nepekatoydaTb aHodbl. Mporpamma
BbIFNAOMT TaK:

BEGIN

(] f 3aKMraem CErmeHTbl
-> PORTD

a,b,c,def

W [ "

1 I BecKoHeYHbIW LUKA
10x80 f i
e RTE I MNoaknwuyaem Nepebli

aHopg,
=40 f "
- . FORTE I MNoaknwuaem BTOPOR
aHop
0520 fl “
 FORTE I Mogknwyaem TPeTHii
aHog
010 f - "
- . FORTE I MogKnouaem YeTBEPTbIA
aHop,

Puc. 2.2. lMepsaa nporpamma nposepkn MK

Y nporpammbl Flowcode ecTb cOBCTBEHHbIM OTAaAYMK, KOTOPbIM Mbl 6yaem MCNonb3oBaTb, HO 1
npeAnoYynTalo OTNaAKY OCYLLEeCTBAATb B nporpamme ISIS (Proteus), rae nosxe MoXKHO byaeT no6aBuUTbL
pa3Hble KOMMOHEHTbI CXEMbI.

CnpaBeanMBOCTM paan OTMedy, YTO A MCNOb30Ban M oTnaguuk Flowcode, u oTnagumk ISIS. B ogHuMx
cnyyanx yaobHee Mcno/ib3oBaTh OAHY NPOrpaMmmy, B Apyrux aydile nposeputb paboTy BCero ycTpoicTea
B Proteus. f He NOHGOPHMK YNOPHOrO UCNOJIb30BAHMA TOIbKO OAHOW M3 MPOrPaMM, XOTA NMOHMMALD, YTO
ANnvTenbHan paboTa C 04HOM NPOrpamMmmoit 4aéT aydlwee NOHMMaHKe Bcex eé ocobeHHocTel, AaéT onbIT
paboTbl, KOTOPLIN TPYAHO NPMOBPECTH, ecn paboTaTb C NPOrPaMMOi TOIbKO Bpems OT BpemeHu. Ho B
JAHHOM C/lyYae MeHsl MHTepPecoBas TOJ/IbKO KOHEYHbIM pes3ynbTaT. A KaKMMu cpeactBamu oH byzet
AOCTUTHYT, 3TO MEHA BOJIHOBAJIO B MEHbLLEW Mepe.
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L7
g: FDO/RADIPCINTIE FBO/CP1/CLKO/PCINTD :—:g
25| PovaomeTy PEI/OCIAFENT] 212
Ao POZANTO/PCINTIS PE2/SE/OCIBIFCNT? 512
S| POSINTV/OCZBIPCNTIS  PB3/MOSIOCZAFCNTS (1T
{28 | POATOIXCIIPCINTZ) PEA/MISOIPCINT | 18
1 PosiTi/oCoB/FCNT1 PBS/SCK/PCINTS (1
1| POGIAING/OCOAFTNTZ2 FBOITOSCIATALIPCINTS (55
POTiAINTPCINTZS PB7/TOSC2MTALZPCINTY
% AREF FCO/ADCOPCINTE :—32
20 avee PCIADCI/PCNTS 222
PC2iRDCZPCINTIO (F22
PC3ADCIPCINTI (S22
PCAADCH/SDAPCINTIZ |20
PCAIADCS/SCLUPTINT(S |22
FCSRESETIRCINTAS [
ATMEGadE

ZTEAT:

Puc. 2.3. MposepKa nepBoi nporpammbl B ISIS

Bce WMHOMKATOPbLI 3aXKWUralOTCA U TOPAT, HO XOTenocb Obl yAOCTOBEPUTLCA, YTO OHM BbICBEYMBAIOT
npasubHyto MHPopmaumio. s sToro 6yaem BbicBEYMBATb HAa MEPBOM MHAMKATOPE eAMHULY, Ha
BTOPOM [ABOMKY W T.n. YT0Obl MOHATb, KAKoe [O/KHO OblTb LWECTHaAUATEPUYHOE YMCAO,
BbICBEUMBAIOLLEE HYXKHYIO LMPY, A UCMONb3YIO KaNbKy/AATOP, KOTOPbIN €CTb BO BCEX OMepaLMOHHbIX
cuctemax. B Windows cneayet Bbibpate BUA «Mporpammmct». CEerMmeHT «a» - 3To MAagLWwmin 61T, a ToUKa
3a)KMraeTcs cTapwum 6utom. [N BbICBEYMBAHUA €OQUHULbI HYXKHO 3aXKeub (YyCTaHOBWUTbL B HOJb) BUTbI
nepsbii 1 BTopoit PD1 n PD2, ocTaBMB OCTa/ibHbIE B e4UHULLE.

B Kanbkynatop = = B Kanskynstop = =
Bua [paska Cnpaeka Bua [Dpaeka Cnpaexa
11111001 FS
1111  1@e1 1111  1eel
8 8
Tl | I el TR R
nRhDEaREE DRDEaEEE
rot [[re || € [ 7 | 8 [0 || s || % | ot |[mor|[ € |[ 7 [[ 8 |[ 9 || | =
O gair [o|[xer| D[ 4] 5 |6 =] 1 or|[xer|[ D] 4[5 [[ 6] *] 1
Grenmn |l (e ][ ][22 ][ i [men [ |1 [[2 [ 3]0 |
©reain || nat|[ana]| F [ 0 [ . [[+] ot [[ana|[ F [[ 0 [[. || +]

Puc. 2.4. icnonb3oBaHMe KaNbKyAATOpa ANA NOAYYEHUN HYKHbIX LMdp

MN3meHMm nporpammy, 406aBUB Nay3bl NOCAE CYNTbIBAHUA LUDPBI:
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MNepeas umdpa

Bropas umdpa u T.4.

Puc. 2.5. l3meHEHHan nporpamma Ans NPoBEPKU KaxKaon ms umodp

MpaBaa, Npu MoAenMpoBaHUKM B Nporpamme Proteus Lmdpbl BbICBEUMBAIOTCA NPABUAbHO, HO MO O4HOM
umdpe, Kak, Bnpoyem, 1 B otiagdunke Flowcode.

u?
g: PDO/RXD/PCINTIE PBO/ICP/CLKO/PCINTD ﬁ
PO TXIHREINTAT FEA/OCTAPCHTY (215
;‘: FD2/NTO/F CINT1S FBZ/SE/0C 1B/PLINTZ :12
S POS/INTI/OCZBFCNTIS  PE3MOSIDCZAPEINTS (gis
o PO TOAXCKIPONT PEA/MISDIPCINTA |12
2| PDSITA/OCOB/FCINT21 PES/SCHIPCINTS o
12| PDO/AIND/OCOARCINTZ2  PEBTOSC IXTALIFCINTS |28
FOTIAINTPCINTZS FETITOS LR TALLFTINTY
% AREF PCO/ADCO/PEINTE :—ég
20 e PCAADCAFCINTS (222
PCZIADCZIPCINTID (S22
PC3DCIPCINTIT (20
PCA/ADCHSDAPCINTIZ (22
PCSIADCS/SCLPTINTIS 22
FrA/RESE T/POINT1S
ATMESASD
<TERTs

Puc. 2.6. MoaennposaHue nporpammel B ISIS



B.H. lonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

Mbl MoKa Mcnonb3oBanu 6eckoHeuHbln uMKka wile. B peanbHOCTH, €CiM Mbl TaK cAenaem, TO HUYero
APpYroro nporpamma caenatb He CMOXKET, 3acTpAB B 3TOM 6HeCKOHeYHOM uukne. YTobbl MoNy4uTb
M3MEHEHMA, HO He WCNo/ib30BaTb OECKOHEYHbIN LMKA, Mbl UCMOJIb3yeM MnpepbiBaHWE Mo Talmepy,
KOoTopoe byaeT nepektodatb undpbl, HO He byaeT mewwaTtb paboTe OCHOBHOM NPOrpammbl.

B nporpamme Flowcode B OCHOBHOW MporpaMme mbl paspellaem npepbiBaHve no Tarimepy 0. Beeas
nepemeHHyto j Tuna byte, NnpucBavBaem el 3HayeHuWe eguHuua. A B HECKOHEYHOM UMK/AE OCHOBHOW
nporpammel byaem obpaLatbca K makpocy (nognporpamme), KOTopbl Ha3BaH show. YTo 3a maKpoc?

B 3TOoM MecTe Mbl MeHAeM 3HadyeHus uMdp Ha MHAMKATOpax, KOTOpble 3aBUCAT OT NepemeHHOM |,
nprMHMMatowWwen 3HaveHma oT 1 go 4. 3To MOXKHO caenaTb, UCMOAb3ya KOHCTPYKUmMK if..then. Ho mbl
ncrnonb3yem 6onee yaobHY0 KOHCTPYKLUMIO, KOTOpPas HasbiBaeTca switch.

BE GIM
INeper Apuacaa —
Nepek noyaTtent i l

=] =2 =3 =4
{] {] {] {]
Brixog, Bemxaog, Berxog, Berog
0xF3 i 0=B0 L]
-» PORTD -» PORTD > PORTD - PORTD
Brizog Brimon Brrwon Beimog
0480 0x40 0x20 0=10
-» PORTE -» PORTE > PORTE > PORTE
i | | | |

END

Puc. 2.7. Makpoc, onpeaensitolwmii Ludpbl YETbIPEX MHAMKATOPOB

Ana O6YCTpOVICTBa nepexknto4yatena B ero gnasioroBom OKHe (nocne CO34aHMA HOBOIo MakKpocCa M
AO6aB!'IEHMF| SWitCh) OTMEYaeM YeTblpe TOYKN NepeKkTtovYeHNA:

CBOKCTBa: NEpeKoUaTens “
Wras:
[epexnossrens hd
MepekniouaTens:
B =l

Cases:

¥ |1 ﬂl_|5
¥ |2 |
~ |2 ~|F[e
~ 2 ~|re
s | [ro
B o] _owes |

KN KN Ny ENfEN

Puc. 2.8. Ananor nepekntoyatens switch
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B OKHe «nepekntoyaTesib» yKa3aHa nepemeHHas i, «3aBeAylowas» nepekaoyeHnem. Huske uetbipe
3HaYyeHun 3TOW NepemeHHOoN. A B BETBM NMePeEK/oYaTesIn NePeHOCHM Te 3HaYeHWs, KOTopble paHbLlue Mbl
BbIYUCANAM B NpeablayLLei nporpamme.

MpepbiBaHWEe A0NXKHO 06pallaTbCca K CBOEMY MaKPOCY, KOTOPbIN Mbl Ha30BEM intr_show. Mbl co3gaém
HOBbI MaKpOC, KOTOPbIM 3aN0HAEM CeayoLWmnm obpasom:

BEGIN

BMHzaeHHE
1=1+1

BuHcneHu9e

Puc. 2.9. MaKpoc, obcny:KuBatowmin npepbiBaHne

Mpu KakaoM MpepbiBaHUMM NepemeHHas i yBeNnYMBaeTCcA Ha eAuHULY, MOKa NepemeHHas He CTaHeT
6onblue 4.

A BOT KaK BbIrnA4ANT OCHOBHAA nporpamma:

EEGIN

MpepeBaHue
P.
Tfﬂ?ﬁ”_’*“” PazpelleHWe npepbiBaHUA No
Marpo intr_showl) Taiimepy 0 c nporpammoit

obcnykueanus intr_show

BemueneHue

OCHOBHaA Nporpamma B
HeckoHeYHOM UMKNe obpalaerca
K makpocy show

Puc. 2.10. OcHoBHasa nporpamma

B AnanoroBom OoKHe NpepbiBaHUA MOXKHO Bbl6paTb, MO KaKoMy Taimepy Uan apyromy cobbituio byaet
NPOUCX0AWUTb NpPepbiBaHWE, a A/1A TaMmepa BblbpaTb YacTOTy NPepbiBaHWA, UCMONb3ys AenuTenb. U
cnepyeT NPOBEPUTb, 33Z@aHA 1M TAaKTOBAA YAaCTOTa MMUKPOKOHTPO/IEPA, YTO MOXKHO CAENATb B pasaene
OCHOBHOro MeHto «4uny», rge ectb nogpasgen «HacTpoiku npoekTa». TakTOBaA YacToTa A0/KHA ObITb
pasHa 8 Mru,
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- f X
Ceoicrea: MpepoiBaHMa n Interrupt properties =]
Mrag: Ma npepeiBaHua |TMRD Owverflow
[Mpepeisarire ﬂ Clock Source Prescaler Select | 1:256 ﬂ
{* PaspewwTs npeprisana no dock
" Zanpem™Te NpepsIBaHUA 181

MpepeiBaHe no: 164

| TMRO Overflow

1:1024
C Makpocom: TOpin, -ve edge
|intr_sh0w ﬂ Cosgats HOBLIA... T0 pin, +ve edge
MapaMeTpkl NPepLIBaHUs TaiiMepa:
? OK & Wsmennms marpoc | OK | Omera | TakTosas YacToTa:  BO00000 My
YacToTa npephisaHna: 122,070 Ty
BoiGop cobbiTMA, BEI3LIBAIOLLETO NPepbiBaHue, 1
noAnporpammbl 06CaYHUBaHWA NpepbiBaHWA. 2 ok | HrEE

Puc. 2.11. inanoroBoe oOKHO HACTPOMKM NpepbIBaHNA

I'nasa 3. IIpoBepka ALLII
Mbl noaroToBUInM UHAOWKATOPbI ANA 0T06pa)Keva 3HaHEHVIl7I, noay4yaemsbix oOT aHanOFOBO-LI,VIdDPOBOI'O

npeobpasosartens. Xora ana AUM 6yger Mcnonb3oBaTbCA TOJIBKO [Ba M3 YETbIpEX WMHAMKATOPOB, B
peanbHOM annapaTe MX YeTblpe.

B annapaTe Mcnonb3yoTca ABa KaHana ALM: nepBblii cCYNTbIBAET HaNpaXKeHMe ¢ 3a4aT4ynka, popmupys
BMoCneACcTBUM TPebyeMbll TOK B Harpyske, a BTOPOM CUMTbIBAET NadeHWe Hanpsi:KeHMA Ha Pe3ncTope,
BK/IIOYEHHOM B LLEMb HarpysKu, 4Tobbl Ha MHAMKaTOpPax 0TO6Pa3nUTb peasbHblli TOK B HarpyskKe.

MepBbI KaHan cuMTbIBaET HanpsaxeHue ot 0 o 5 BoabT. BTOpO KaHai cuMTbiBaeT HanpsaKkeHue oT 0 Ao

1,6 BosbT. [N nepBOro KaHana OMOPHOE HamnpaAXeHue, BUAMMO, caedyeT BblOpaTb pPaBHbIM
HanNpAXeHWo nNUTaHMA, a AAA BTOPOro KaHafna B OpPUIMHaNbHOW cXeme 6bino OpraHM3oBaHoO
HanpAaxeHue B 3 BOAbTA. [NOCKONbKY NOC/Ne BOCCTAHOBAEHUA annapaTta He TpeboBaoCb BOCCTAHOBAEHUE
€ro noJiHom GpyHKLUMOHaNbHOCTK, NOAPa3yMeBaloLLEN UCMO/b30BaHNE HECKONbKUX AMaNa3oHOB paboumnx
TOKOB, a A0CTaTo4yHO 6bino 6b1 ogHoro, oT 0 A0 5 MA, B KayecTBe BTOPOro OMOPHOr0 HanpAXKeHus
MOKHO MCMNO/Ib30BaTb BHYTPEHHW WcTOYHMK Vref. Mpu Toke B 5 MA nageHuWe HanpsaKeHWA Ha
N3MepuUTeNIbHOM CONPOTUBAEHUM He npeBbiwaeT 100 MB, a BHYTPeHHUIA UCTOYHUK OAET HanpaXeHue

pasHoe 1,1 B.

WUTaK, npoBepum paboTy nepBoro KaHana. [na atoro B nporpamme Flowcode go6asum ALIM. B pasgene
OCHOBHOIO MEHH0 ecTb «Bxoapl», rae MoxKHo HaliTi ADC. 3TOT BCTPOEHHbIN MOAY/1b MUKPOKOHTPO/1epa
NOABNAETCA B BUAE PYYKM HA NaHenu:

Manens x

373 konnA Flowcode .
- - CooBuwaiTe nvpa

Puc. 3.1. lobasneHne Ha naHenb ALIM

Mocne Bblaenenuna ALM (py4kn Ha NaHenn) B OKHe CBOMCTB MOXHO BblOpaTb pacliMpeHHble CBOWMCTBA,
rae onpegensaetca pag napametpos ALTM.
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B.H. FTonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

|ADC{D} - |

g2 A7
Property Value

= Odopmnenne
Pasmep 50,50
Moznuma 312, 40

JuanoroeBoe OKHO paclMpeHHbIX CBoicTs ALLM

E Pasnoe
Vs ADC(D) vB4T 3aaHWiA nnad 50
4 »
B S Bpemn 3axsata |40 LINKNkI NpOrpammet < | o]
'
CoeguHenna .. CKopoCTk KoHBEPCHM | Fosc /8 vl
Ceoil Kog
Cnpaska Bapwnant Vref VDD -
HanpsxeHne Vref |BDD x 10mV
Tun I Pyuka 'l
Crune I Crune 1 'l
| 3TuKeTKa
" Mokasate anauenne
Pacwmp. ceolictea
PaclmpenHbie ceoiicTea
KOMMOHEHTa 0K I Ommena MpumernTs Cnpaexa

Puc. 3.2. lnanoroBoe OKHO pacliMpeHHbIx cBoncts ALN

34ecb Hac UHTepeCyeT ONopHoe HanpsaxeHue. A B pasaene cBoicTs «CoeiMHEHME» Mbl YKaXKEM KaHasl,
K KOTOPOMY MOAKNHOYEH 334aTUMK.

mMsA nuHa | ALN kaHan |
¥ Ananoroeuii exop Anl

MNopkmowe  ALIN I vl

Cratyc:
Min Axanorossii xoa coemHen OK.

2| kesaw. |

Pwuc. 3.3. Ananor coeanHeHns

ALM nossonset peannsoBaTb pPasHble PEXMMbl CYMTbIBAHMA 3HAYEHMA HaNpAXKeHus. Bbibepem
CYMTbIBAHME 3HAYEHMSA KaK HanpsaKeHua. Ho npexae o6aBMm B OCHOBHYIO Nporpammy makpoc ALM:

11



B.H. FTonono6os

Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

BEGIN

g

MpepeBaHue

FPazpeweHo
THRO

BeMucsHHE

T ]

U sien
Whie ]
1

i SKpoc KOMOOHEHTa

nERER

b arpo intr_show(]

CBOMCTEa: MaKPOC KOMIMOHEHTa

Wnan:

KomnoHeHT:

| MEKDDC KOMMOOHEHTE

Makpoc:

led 7seg (0]
h}g:jb

MNapameTpei:

YnTate Kak GaiT
UYntam rak Int

Yutats Kak Sting
ADC RAW Confiqui

re Channel v

Wma

Tun Expression

Boszepawaemoe zHaueHne:(FLOAT)

|
2

Puc. 3.4. lobasnieHMe Mmakpoca KOMMOHEHTa U AMaNor ero HaCTPOKK

Kak BuAHO M3 guanora, Ham NoHagobutca nepemeHHaa Tuna float (c nnasatolielt TOUYKOW), KoTopas
byneTr 3HauyeHMem, BO3BpallaembiM M3 npoueaypbl. HasoBém eé volt, a ana cos3gaHuMa HOBOW
NEPEMEHHON HaXKMEM OTMEYEHHYIO Ha PUCYHKE KHOMOYKY. ITUM OTKpbIBaeTca Auanor Bbibopa
nepemeHHon ans odopmasemoit Hamu onepauuu. LLlenykom NpaBoit KNaBULLM MbILWKK NO HA3BaHWIO
«MNepemeHHble» MOXHO BbI3BaTb AManor co3aHua HoBol nepemeHHol (Add new, no6aBuTb HOBY!IO).

[:r'Ports %Globals Locals

[ clobals
Bl Constants

Co34aTb HOBYHO NEPEMEHHYID

WA HoBOI NpemMeHHOI:

|v0|t

itial value:

" Add new

Delete unused

0.0

Description:

Twn nepemeHHoI:
" Bool (gither true, 1 orfalse, 0)

ﬂ

" Byte (uncno B manasoxe ot 0 go 255)
Int {4wcno B avanasone ot -32768 no 32767)
Ulnt {number in the range 0to 65535)

ULong {number in the range 0to 4254967255)

o = 20)

~
~
" Long (number in the range -2147483648 to 2147433647)
~
~

% Floating {c nnasatowedt Toukoit)

Puc. 3.5. Co3gaHue HOBOM NepeMeHHOM B Ananore HacTpolku ALM

KHonka OK 3aKpblBaeT 3TOT AMasior, BO3BpaWlaAa HacC K Bbl60py I'IGpEMeHHOﬁ, YTO MOXHO 3aBepuwunTb

ABOﬁHbIM wen4ykom NeBOM KMIaBULLM MbILLIKW MO BHOBb CO3,L'1,8HHOV1 nepemeHHoi/'l volt, KOTOpaA U CTaHEeT

BO3BpaWlaemMbiM 3Ha4Ye€HUNEM NPU CUHUTbIBAHUN HaNPAXKEHUA. OcTanocb 3aKpPbITb AOManorosoe OKHO

HaCTpOl‘;IKVI MaKpOCa KOMMOHEHTa, 4YTO NO3BONIAET CAENAaTb o4epeaHaA KHOMKa OK.

12



B.H. lonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

Mbl Hactpouan AUIM, Ho 4TO Mbl nonyunnm B utore? [lpouie BCero NpoBepuTb 3TO B Nporpamme
Flowcode npu nowaroBoi oTiagaKke Nporpammbi.

&l ADC1 fef avr* = =
®aiin Mpaeka Bug Mawene YNet Makpo Debug Usn Okwo  Cnpaska
Devd X D 9 & B w11 6B i
. . . . h& g2 e - My B0 - Fhpwwer -
3051:!!&“:! ‘osuwue .ﬁamgu 9Euxn,qu ﬂknw Wy commaro 2 vmton M Mepudepuiinbie Mexatpormea - sft=i DSP Pasoe
4 Main x| _intr_show | show 3
/jy-_/ MepemeHHbie B
Nepetenas Tun 3uauenne
E‘:’-_/' vott FLOAT  4.800000
E%:l ADCT
@:E wol=Usrar kak Hanpsorerwe)
- Manens
37 konua Fowcode
- . Castuaiits iupa ik
L cnpaskm HaxmiTe F1 Teryuui macura = 75%  CAP NUM SCRL

Puc. 3.6. lMowarosada oTnagKa YteHnsa HanpAaxeHuA

B okHe «[lepemeHHble», KOTOPOE MOABAAETCA NPW Hayane OTAaAKMW, AOCTAaTOYHO LWENKHYTb MpPaBoW
KNasuwei MbllIKKW, 4TOBbl B HOBOM AmManore ABOWMHbLIM LUEAYKOM NEeBOM KAaBMLWIKM MbIWKA MO
MHTepecyloleil Hac nepemeHHol Aob6asBuTb eé ana HabnogeHus. MpoaonXKaa wWwaramu npPoxoauTb
nporpammy, «NoBepHyB» MbILKOW pydry ALM Ha naHenun, MoXKHO yBUAETbL 3HaYeHNe nepemeHHon volt.

OaHaKo Moka mMbl yoeamanch ToJIbKO B TOM, YTO Mbl YNTaeM HanpsxeHue Ha Bxoae ALM. Xotenochb 6bi
YBUAETb 3TO 3HAYEHME M HA MHAMKATOpPaX. 1 HE UCK/IIOYALD, YTO eCTb APYrue peLleHmsa No oTobpaskeHuto
ynmcen Ha CEMUCErMeHTHbIX MHAMKATOPAX, HO 1 UX HE 3Hat0, MO3TOMY MCMONb3YIO TO, YTO 3HalO.

3HayeHne nepeMeHHo volt A HamepeH pa3buTb Ha Ase LMdpbl, NEPBYIO U3 KOTOPbIX HA30BY volt_high, a
BTOpYto volt_low; ana HUX co3gagum ABe HOBble nepemeHHble TMna byte. Mepsyto umdpy volt_high a
OTNPaB/io0 Ha NepBbli U3 ABYX NOCAeAHUX UHAMKATOPOB, @ BTOPYO Ha BTOPOW. [1nA 3TOro Ucnonbayem
nporpammHbli KomnoHeHT Flowcode, KoTopbli HasbiBaeTca «BobluncneHne». [lobaBMm ero B OCHOBHYHO
nporpammy, OTKPOEM OKHO CBOWCTB [BOMHbIM LLEYKOM JIEBOW KNABMILUM MO HEMy M 3anuliem Bce

onepauuu:
] CeoiicTea: Beiuvcnenma H
Viras:
® &
[Berncnerie j Cj nﬁg i []:D ﬂcx ﬁs
Globals
Boimcnesms Constants
volt = volt*10 b false
volt_high = wvolt/10 . b true
volt_low = wvolt - wvolt_high*10 H F'BGPGNEHHHE
; i
R volt
- B volt_high
~B
< >
2 O

Puc. 3.7. Boluncnenue unop, otobparkatowmx HanpaxeHne Ha MHOMKaTopax
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Pacckas, HaBeAHHbI cOBCTBEHHOM FNYyNocTbio

MNepemeHHble MOXHO BMUCbIBAaTb B OKHO Bbl‘-lVICﬂE‘HMﬁ, 2 MOXHO BBECTW, ABaXAbl LWENKHYB MO

I'IEPEMEHHOI\;I JIEBOM KNABMULIEW MbILIKN B OKHE 0T06pa)KeHVI‘r'I nepemeHHbIX. 7 06paTMTe BHUMaHUE, 4TO

BCE nNepemeHHble, KOTopble Mbl UCNOJIb3yeEM — 3TO rnobanbHble nepemeHHble. B HEKOTOpbIX cay4vanx

y,u,o6Hee MCNONb30BaATb JIOKaJ/ibHblIE MNepPeEMEHHbIe,

4YTO [0aCT 3KOHOMMUIO OﬂepaTMBHOﬁ namaAaTn

MUKPOKOHTPO/INEP], B APYrUX CAydasx yaobHee Mcnonb3oBaTb rnobajnbHble nepemeHHble. Bbibop

cneayet npeaBaputesibHO Nnpoaymatb, yTObbI HE caenaTb OLINBKMU.

3aBepLLIMB onuncaHune Bbl‘-IMCﬂeHMVI, MOXHO B NOLWAroBom pexxmnme npoBepunTb, BCE Nn 6yAET NnpaBuU/1IbHO:

=]

&2

L] s H >
‘6 Ofmexre - ‘ Ofbmme ~ ’isxugu - ”Buxugu - H

4 Main x| _intr.show. [ show

ADC1.fcf_avr *

®ziin Mpapke Bua Marens Vhet Makpo Debug Yun Owvo  Crpaeka

PN = '

-©

- f2n

.
= (&Mexawunmna = -gj DSP ~ il Pasroe ~
13

- oEN

Npepeieane
Pazpewero fi
THRAO
Makpo intr_show)

BrMmcneHHE

7 |Makpoc komnorenTa
EDCT)
wok=Usrar ak

|

BrMucneHiE

velt = volt~ 10

wolt_high = volt /10

walt_low = volt - vali_high = 10

poee |
o

R T i D i -

Manens

MepemeHHble

Tun
FLOAT
BYTE
BYTE 8

MepeMeHHan
wvolt
wvolt_high
volt_lowr

32 komns Fowcode
Coobusaitre pa uk

3HaueHMe
48.000002
4 (0x4)

(0x8)

&

A8 CNpaEKK HaxMuTe F1

TERYIWMI MacWTas = 75%

~

v

CAP NUM SCRL

Puc. 3.8. MpoBepKa BbIYUCAEHNI B NOLIATOBOM PEKMME OTNALKM

OcTtanocob noanpaBnUTb MaKpocC ShOW, yTObbI OTO6pa)KaTb HOBblE NepemMeHHble.

BEGIM
e oo T 1]

=1
=L

=2
=

u
[t}

LL Bix0g,

Erivog #|Beikog, # |Bbikog
KUHFS |] Ot d ” /ivolt_high ” / / volt_lats H
= PORTD - PORTD - PORTD -» PORTD
Braxon, Brixon H|Beizon ¥ |Beiog
iﬂxE[l H Ox40 |] Ox 20 H 0x<10 |]
- PORTE -> PORTE > PORTE -» PORTE

Puc. 3.9. McnpaBneHne makpoca show ans oTobpaxKeHus HanpaKeHnn

HDOBepMTb npaBuUIbHOCTb p360TbI nporpammsbl MOXHO B NMOWAroBoOmM pexumme, HO nNpun 3Tom cnenyer

y4eCTb, YTO NpepbiBaHME B 3TOM pexXnme MOXKeT pa6OTaTb Heé TaK, KaK XO0TesnoCb 6bl. YTObbLI 3TOrO

M36E)KaTb, nepen npoxoxaeHmnem makpoca Show MOXHO MEHATb 3Ha4YeHue I'IEPEMEHHOﬁ i, KOTOpaAa

onpegenaer, KaKol MHOWKATOP 6yp,eT nokasaH. na atoro nepeg sxogom B MaKpoC show B OKHe

nepemeHHbIX, rae Mmbl (Hagetocb) A06aBMAM HabAloAeHMEe 3a MNepeMeHHOWM i, WENKHeM npaBoW
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B.H. lonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

KNaBULLEN MbIWKN MO 3TOM I'IEpEMeHHOﬁ, a B noAsusLIEMCA OKHe Bbl6ep6M n3meHeHme 3Ha4vyeHuA
I'IEpEMEHHOI‘;I, KOTOpOEe 1 oCylectsmm B caieayroLllem OKHe.

MepemeHHble n

MNepeMexHas ‘ Tun ‘ 3HaueHne ‘
volt FLOAT 48.000002

volt_high BY] W3mennTL BENHYMHY...
volt_low BY
[NoBasnTe NepeMEHHYID...

¥aanuTte HabnrogeHne

a
M3smMeHeHWTb 3HaueHWe NepeMeHHOoH

Puc. 3.10. U3ameHeHWe 3HAYEHUs NePeEMEHHOM

Ho mbl 3a6binn ewe O4HYy onepauunto — npe06pa3OBaHme LI,VI(I)pr B 3Ha4YeHune anAa CcemMmCermeHTHoro
UHAWKaTopa. BbinonHum sT0.

Co3maamm ewé oaHy npoueaypy (makpoc), B Kotopoi byaem npeobpa3osbiBaTb 3HaveHUA uudp
COOTBETCTBEHHO TpeboBaHMAM MOAKAOYEHUA cermeHToB. HasoBém makpoc dig trans v pobasBum
nepemeHHyto k Tuna byte, Nno 3HauyeHUIO KOTOpPOW Byaem nepeknoyatb Undpbl. Mcnonbsyem, Kak U
paHblle, nepekaoyatenb switch no nepemeHHol k. Ham notpebyetca aecatb (ot 0 Ao 9) seTseli B
nepeknatoyatene. Obpatute BHUMaHMe, 4To BMecTo 10 cnepyeTt ucnonb3osath O.

=2 =3 =4 =5 =B

1
o

=8 =3 =D

Ebixon BblHDﬂ. BblHDﬂ. BblHDﬂ BblHDﬂ. BblHDﬂ. bIHDﬂ. B bIX0, Ebixon BblHDﬂ

0+86 0452 0xE0 0x99 0432 0x82 [ ] 0x20 030 0xC0
- PDHTD = PORTD > PORTD = PORTD = PORTD - PORTD - PORTD = PORTD = PORTD > PORTD

Puc. 3.11. CoaepaHue makpoca dig_trans

Moanpasum 1 makpoc show:

BEGIN

0|7
[l
1z,

Bbixon Beimoa BbiHC neHHe Bl MCnEHHE

0xF3 Ox54 | = volt_high I = volt_low
-» FORTD -» PORTD
Berxon Beixog I arpo M akpo
080 041 Markpo Marpa
-+ FORTE _» PORTE dig_trans(] dig_trars(]
Ebimon Eeixon

020 0«10
-+ PORTE -+ PORTE

Puc. 3.12. McnpaBneHHbI makpoc show
15



B.H. lonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

MocnegHee, YTO MOMKHO WCMpPaBUTb — p[00aBUTb Hebonblylo naysy (20 MMKpoceKyHA) nocne
cumTbiBaHuA ALLM.

Ecau 3anNyCTUTb Nporpammy Ha BbINMOJIHEHWNE, TO LI,M(I)pr MEHATCA NnocnenoBaTesibHO, HO COOTBETCTBYHOT
TEM, YTO NOKA3bIBAKOT NeEpPeMeEHHbIE, B YEM MOXKHO Y6eAVITbCFI, MeHAA NONOXKEHNE PYUHKU ALIM.

I'nraBa 4. Kak ¢popmupyeTcsi TOK B Harpy3kKe

Kak cKasaHo Bbiwe, gna ¢GOpPMMPOBaAHMA TOKA B Harpy3Ke WCMO/b30BaHA LWMPOTHO-UMMYAbCHaA
moaynAauma. BoelBog, Ha KOTOpPbI BbIBOAUTCA CUrHan, sto PB1.

K y:Ke co3gaHHoOl nporpamme f06aBMM NporpammHbiii anemeHT PWM, KoTopblii HaxoauTcs B pasgene
OCHOBHOIO MeHt0 «MexaTpoHMKa». B pacluMpeHHbIX CBOMCTBAX HOBOrO KOMMOHEHTA HAaCTPOUM HOMep
KaHana v nepuog,

Ceoiictea: [paEka KOMNOHEHTa “

Properties ]

vh.3.6

Fu/M Count = [B Label: |CCF1
Pi'td Channel = |3 -
v Show simulation
=
Settings Pidh period

Period register = [100] ﬁ Clock speed: |30 MHz
- Period:  |25,25
Prezcaler divide = |1 - &1o us
Frequency:  [33,60396 KHz

0K | OmaeHa | nDMMBHHTb| Crpaeka |

Puc. 4.1. HacTpoiika paclimpeHHbIx ceoiicte PWM

[o6aBMM MaKpOC 3TOro KOMMOHEHTa B OCHOBHYIO Nporpammy. M HacTpomm BHavane nepuog PWM.

[ pwm1.fef avr * = B

®aiin lMpaska Bug [lanens VMet Makpo Debug Ymn Owwe Cnpaska
Daea| XEAMN ac A& B 11 ¥EEHE

¥F oseen - ‘ OftiuHEE ~ ﬂsxoau - ywxanu ~ ﬂ - (((l))) - “r firele ~ A - éi DsP - iﬂ Pasnae -
4 Main x| show [ dig_trans | intr_show | b

-

CBOIiCTBA: MaKPOC KOMMOHEHTa

s [Marpoc komnorerTa v

KownorenT: Makpoc:

led7sead(0) Enable -
ADC(0) Disable
0 SetDutyCycle
ChangePeriod
SetDutvCycle10bit v

MapateTpo!

[T [Tun
mPeriodval BYTE 100 -
nPrescalerVaBYTE 1 Ad

[
2]

EOT0]
a a ;vu\l=‘~lwaﬂb «ak Hanpsoersie() H e

= HWhé_
CooBuaitte nnpar Uk
3anepwka T [disabled]
Beiscnerie
wolt = wolt = 10

woll_high = volt / 10
woll_low = volt - vol_high * 10

Makpos kommoreTa

R R o W W Bl e gl e R I

v

ZNR CNPABKKM HaXMHKTE F1 Tekywmid MacwTag = 75%  CAP NUM SCRL

Puc. 4.2. Hactpoiika nepnoga PWM
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B.H. FTonono6os Pacckas, HaBeAHHbI CO6CTBEHHOM rynocTbio

HactponB nepuod, o03abotumca Tem, 4YTOObl HACTPOWUTb CKBAXKHOCTb WMMMYAbCOB, KoTopas 6yaer
YyNpaBAATbCs NepeMeHHoM volt, cuMTbiBaeMOM C 3aJaTUmMKa.

[ pwrn 1.fcf_avr * = B
®aiin Mpaska Bug [awers VMet Maxpo Debug Ymn Oxro  Cnpaska
Ded XEN ac & @ » 18 B ¥diE s
. o
3 ObberTsl ‘ Obiunse * ’isxu,qu = »BN!{UAH = ﬂ = (((I))) = i’r = A - f=iose - il Pastoe
4 Main x| show [ dig trans | intr_show | 3
= ~
[%j (CBO/iCTBA: MAKPOC KOMMOHEHTA
E:‘._." Vioan [Marpoc komnorenma |
@ fl KomnonewT: Makpoc
! led7se04(0) Disable ~
& ADC(]) DuyCycle
Marpoc koMnoHerTa 0 ChangePeriod
bn 0T Set DutyCycle 106k
ai v
a wah=Yurare kak Hanpawenvel) H
5 MapameTpst
Sanepika Vna [Tun [Exprassion
@ <Zw | InDuty BYTE [vorc A
Benicastie
[[:]] wall = vt~ 10
wal_high = vall / 10
H wol_law = volt - volt_igh * 10 ‘
[%] | Makpoc komnoHeHTa
2 & 2
@ 0
MNanens X
- 37a Konws Fowsode
Coobuiaiite mvpa
disabled]
v
s cnpaskw HaxawTe F1 Teryupii MacwTag = 75%  CAP NUM SCRL

Puc. 4.3. HacTpolika ckBaxHOCTM uMmnynbcos PWM

Mposepum paboTty popmupoBaTens MMnyabcos B nporpamme Flowcode. Octanoch paspewunts paboty
dbopmmpoBaTeNa MMMNYNbCOB... U 3aNYCTUTb OTNAAKY.

BEGIN
MpepeigaHue

FPaspeweHo
THRO
Matpa intr_shaw()

| akpoc KoMAoHEHT 2

E » M
E_ Enabl{a[% I

* TManens %
Makpoc komMnoHeHTa

Pi/M[0] 31a konua Flowcode

ChangePeriod(100, 1) CoofiwaitTe nupa

Puc. 4.4. PaspeweHune pabotbl PWM 1 npoBepKa paboTbl

MeHsaa nonoxKeHua pydkn AL, MOXKHO ybeamuTbea, YTO AAUTENbHOCTb MMMY/bCa MeHaeTcA. MOoXHO
BbIMNO/IHWUTL eLWé OA4HY OMNepaLMmio, OKPYr/MB 3HAYEHWE, CYMTbIBAaeMOe B NepemeHHyto volt. Jaa atoro
AobasnaeTcs ewé ogHa nepemeHHasn TMna byte 1 KOMNOHEHT «BbluMCieHUE»:
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F|Makpoc komnoHeHTa

ADCIO)
wolt] =Yurark kak Hanpskeru

3anepka

<0w

#|Brncasue
volt = round [volt1]

Makpoc komnoHexTa
Fu/M(0]
SetDutyCyclelvalt]

Puc. 4.5. OkpyrneHue cuntbisaemoro ALUI 3HayeHna

I'raBa 5. Kak yipaBJjdeTCsA TOK B HArpy3kKe
CurHan c BbiBoga PWM ponkeH nonactb Ha MHTerpupytowyto RC uenb. 3atem, YTo paspaboTumKkm u
COeNann, HanpsyKeHWe C WHTErpupylowen Lenu noAaéTcA Ha BXOZ OMepauMoOHHOro ycuauTens,

BKNOYEHHOIO NOBTOPUTENIEM HANPAXEHNA.

uz
om
E INTIG PBOMCP1/CLKO/PONTD (20
| PDITXDPCNTT PE4/OC1APCINTI
om | PDZANTO/PCINT 12 PE2/SS/OCTBIFONTZ [
S| PDAANTD PBIAMOSIOC2APCINTS
o5 FDATOXCKFCINT2) FB4/MISO/PCINTE

PDS/T 140
12: FDB/AIND/DCOA/FCINTZZ - PEG/TOSC1/XTALIFCINTS (S

PB7/TOSCZXTALZPCNT?

21t aREr PCOADCOPCINTS | 223

208 svee FCAADCA/RCINTS [
PLIADCZIPCINTIO
FLHADERFCINTI
PCAGADCASOAPCINTI2
PCGADLE/S CUPEINTI
PCERESETIFONT14:

ATMEGAE
<TEXT>

V1A
VALUE=1S

380K
<TEXT>

u?
28 FODRXDIFEINTS PBO/CE 1/CLKOVPEINTD
23] PONTROPEINTIT PB1/OCTAPECINTY
2o FO2ANTOFEINTTS PB2/SS/OC1B/FCINTE
O] PDIMNTOCZAPCHTIE  FEMISUOCZAPINTS
25 PDATOC G ONTD FBAMISD/PCINTA
oIa| POSTHOCOBRCNTY PBS/SCKIPCINTS
I | POBMINNOCOAPCNTZZ FBS/TOSCLRTALYPENTE | 5%
FDTHAINIPEINTZE FBRITOSC2ATALZFEINT?
21 AREF POD/ADCO/PCINTE (22
Avee PCA/ADCI/PCINTS
FC2/ADCZ/PCINTIO
PC3ADCIHPEINTI
PLA/ADCHEDAPCINTIZ
FCEADCE/SCLIPCINTE
PC/RESET/PCINTI4
ATMEGHE
STEXT:

260K
STEXT>

Puc. 5.1. HTerpmuposaHue curHana PWM

A BOT CO BTOpPOM MNOSIOBUHON MMKPOCXEMbI CABOEHHOMO OMEPALMOHHOrO YCUAUTENA pPa3paboTymKu
NOCTYMNWUIMU, C MOEN TOYKM 3PEHWUs, OYeHb OCTPOYMHO. HanpsxkeHua B 100 mB HepmocTaTtouyHO AnA
ynpasaeHua TpaHauctopom IRF610, KOTOpbIV U ABAAETCA YNPaBAAOWMM 31eMeHTOM. MOXKHO, KOHEYHO,
BTOPOM NOSIOBUHON MUKPOCXEMbI BOCMO/1b30BATLCA A8 YCUAeHUA. Ho opuUrMHanbHas cxema Ucnonb3lyet
HECKO/IbKO Mana3oHOB PeryanpoBKM TOKa, YTO NoTpeboBano 6bl, BEPOATHO, KOPPeEKUMN KoadduumneHTa
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ycnneHua. Mano Toro, HanpsaXXeHue ynpas/ieHnAa MeHAETCA B A0CTAaTOYHO LWWMPOKMX npeaenax, Toraa Kak
HanpAXxXeHWe Ha 3aTBope ynpasaAaoLWwero TpaH3ncTopa A0/1XKHO MeEHATLCA B 6onee Y3KOM Anana3oHe.

TpaH3KCTOp B KayecTBe YyNpaB/AOWEro 3/IeMeHTa B CXeMe MCMO/Ib30BaH KaK pesuncTop, ynpasasembiit
HanpsAeHnem. MOoXHO NPOBEPUTb, YTO MPU NepemMeLLeHNM 334aTHMKa U3 O4HOTO KPalHEero noaoKeHus
B APYroe HanpseHuwe ynpasneHus meHsaetca B 4-5 pas. Ho B3rnsaHWTe Ha rpaduK 3aBUCMMOCTM TOKA
TPaH3MUCTOPa OT HaMNpPAXEHUA Ha 3aTBOPeE, B3ATbIN U3 CMPABOYHbIX AaHHbIX.

10 . .

PULSE DURATION = 80us ;
DUTY CYCLE = 0.5% MAX
Vps =50V

‘ A
7/

/

;.
.
i
¥
r
y

)

T, =150
0.1 -

Ip, DRAIN CURRENT (A)

T,=25°C

OC}
7
f
i
J
J

[

0 2 a 6 8 10
Vgs, GATE TO SOURCE VOLTAGE (V)

102

FIGURE 7. TRANSFER CHARACTERISTICS

Puc. 5.2. 'padmK 3aBUCMMOCTM TOKA TPAH3UCTOPA OT HaMpPAXKEHUs Ha 3aTBOpe
Mpu nameHeHnm Toka ot 10 mA go 100 mA HanpsaXeHue Ha 3aTBope meHaeTcA B 1,1 pas.

[OTOB Npu3HaTbCA, YTO ecnun 6bl MHe npegnoxunnn pewnTb I'IO,CI,O6HyPO 3a4a4y, A OKa3sa/ncAa 6bl B O4YEHDb

3aTPpyAHUTENBHOM NONTIOXKEHNN, HE 3HaA, KaK eé pewnTb.

Ho BOT, KaKk NocTynuau pa3paboTumKm 3TOro yCTpoiicTea.

° o © ®

PBOICPHCLKO/PENTD
PD1ITXDIPCINTIT PB1/OC1APENT!
PD2/INTORCITI PE2/SSMCIBPONT2 ves
PO/NTA/OCZBAPCNTIS  PBAMOSUOCZAPGNTS Voo
Foar FBAMIS DFCINTA

PD5/T1/0COB/POINT21 &
PDBIAINDIOCOAPCINTZZ TALUPERTS
TALZPENTT

21 aRer FCO/ADCO/FCINTE

&
FCZIADCZIFCINTID [ois WEXT
PLOADCIPCINTH (23 T
PCAADCASDAIPCINTIZ [oal- |
POSIADCE/SCLPCNTIS (222 L
PCARESET/PONTH [

ATWEGRE
STEXT=

Ra
a7

<TEXT

Q?
IRF&10
<TEXTS

RB

.
208 m
<TEAT>

bt
e

i

Puc. 5.3. Cxema ynpasaeHus TpaH3UCTOPOM
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Mcnonb3ya pesnctop R6, No KOTOpOMY MPOTEKAET TOK Harpysku, B KauyecTBe 3/eMeHTa OTpULaTe/IbHOM
06paTHO CBA3M OHM NoAyunan Tpebyemoe pelieHune. Mx 11 3To HaxoLKa, HeT n, i He 3Hato, HO AyMato,
YyTo He cTan bbl NUCATb 3TOT paccKas, ecan 6bl He BblN BOCXMLLEH CTONb MPOCTbIM U UCYEPMbIBAIOLLMM
npobaemy pewieHnem.

B nporpammy notpebyeTca BHECTU eLLé pag, 40NoAHEHWUN. B yacTHoCTK:

1. MepBble gBa UHAMKATOpPA OTOOPaXKatOT 3a4aHHOE TaMMeEpPY BPEMS B MUHYTaX.
Bpems, 3agaHHOe Talimepy, YCTaHaB/IMBAETCA C MOMOLLbIO KNaBuULL.
Mocne Havana npouecca, Korga Tanmep o6HYANTCA, HYXKHO BbIK/IIOYMTb TOK B HAarpy3Ke 1 noaatb
3BYKOBOW CUTHa.

Mogenvpys nporpammy B Flowcode n B Proteus, MOXKHO 3amMeTUTb pasHULUY: paboTatowas B NeEPBOM
C/lyyae nporpamma, MOKeT He 3apaboTaTb B Proteus. BAo6aBok, Kak 06 3TOM A yNOMWMHAN paHblue,
obue BbIBOAbI MHAMKATOPOB MOAK/AOYEHbl K BbiIBOAAM MMUKPOKOHTPO//Epa 4Yepe3 TPaH3MCTOpbI.
MOHO N1 3TO NOBTOPUTL NPU MoaennpoBaHun B Flowcode, s He 3Hato. U ewé — Nnpu mogenmpoBaHum
0b6e nporpammbl NOKa3blBalOT OTO6paXKaemble 3HaUYEHUA Ha MHAMKATOPAX He TaK, Kak AOMKHO ObiTb B
peanbHocTU. Mo3TOMYy Bpems OT BPEMEHW A 3arpyKaito MporpaMmmy B MUKPOKOHTPOJIIEP PeasbHOro
YCTPOICTBA M NPOBEPSAID, UTO Y MEHA NOYYMNOCh HA AAHHbBIA MOMEHT.

MpoBepsAs B oyepenHON pa3 pes3ynbTaTbl paboTbl, s 0OHAPYKMA, YTO AUMMUT MPOrPAMMHON NamATH,
OTNYLWEHHbIA NPUPOAON MUKPOKOHTponnepy ATMegad8, npeBbiweH. EcTecTBEHHO, nNporpamma He
MOXET ObITb 3arpyeHa, o Yém coobujaet nporpamma SinaProg, KOTOPYI A UCMOJIb3ylo C MPOCTbIM
napannenbHbiM MNporpammaTopom, uaeHTuduumpyembim Kak Stk200, cocToAwMm M3 HECKOSIbKUX
pPEe3NCTOPOB M NPOBOAKOB A/1A BHYTPUCXEMHOIO NPOorpammmpoBaHma. NMporpammaTop NOMOr MHE CHATb
3alNUTY BMECTE C UICXOAHOM NPOrpaMmmoit, HO B ;aHHOM C/ly4ae MOMOYb HUYEM HE MOMKET.

Ecan Bbl CTanKknBanucb ¢ NogobHOM Npobsiemon, TO MOXKETe BOCMO/1b30BATLCA TEM MPUEMOM, KOTOPbIN
NpUMeHun a. A UMEHHO: A 3arpy3un c canTta paspaboTtumka nporpammy Atmel Studio 6. 3Ta cpeaa
pa3paboTKM UCNoab3yeT TOT e KOMNUAATOP, YTo M nporpamma Flowcode. Ho He noakntoyaeTt BCE M3
61b6MOTEKM, @ TONBKO HyXKHOoe. [JOoCTaTo4HO nocse TpaHcnauuu B nporpamme Flowcode ckonmpoBsaTtb
nosny4yeHHbIt Cu-dpaiin u BCTaBUTb ero B UcXxodHbin paiin AtmelStudio, Kak npu TpaHcaauuu daina B hex-
$aiin MOXKHO YBMAETD, YTO:

Error List Solution Explorer = 1 3 fiSolution Explorer MR
@ OErrors | 1\ 57 Warnings | i) 2 Messages _=.“ B = | el

Description

7 'FC_CAL_Bit_In_x' defined but not used [-Wunused-function]

BB BB

6 'FC_CAL_Port_In_DDR_x' defined but not used [-Wunused-function]
7

(@l Solution 'clinic_test' (1 project)
a clinic_test

> [=d Dependencies

4 [ OutputFiles

4 | Dependencies ~

& AVR_CAL_ADC.c
&) AVR_CAL Delay.c
‘] AVR_CAL Float.c

8 'FC_CAL_Bit_I' declared 'static' but never defined [-Wunused-function] clinic_test.cep ﬁ AVR_CAL I0.c

19 'FC_CAL_Bit_0' declared 'static’ but never defined [-Wunused-function] [ clinic test.elf %) AVR_CAL_I0.h
& 20 'FCI_GETCHAR' defined but not used [-Wunused-function] [@ clinic_test.hex %] AVR_CAL_PWM.c
3 Error List | ReMEIT [@ clinic_test.lss EAVR_CAL_String.c
e cede clinic_test.map =] AVR_CAL TypeDefs.c
Rebuild All succesded clinic_test.srec & common.h

4 [ Libraries &' delay_basic.h
<3 libm & eeprom.h
=] clinic_test.c & fuseh

CoobuieHne o GYHKUMAX, KOTOpble
He UCNONb3YTCA B NPOrPaMMe, HO
00bABNEHBI B HEA.

_

B ASF Explorer %% VA View % VA Outline [ERESITIIIE=

Properties

clinic_test.hex Intel HEX File Properties -

==
Path CAUsers\wladiminDesktophclir &
Size 10.34KB (1

Flash size

RAM size

.06 KB (71 Bytes) v

Puc. 5.4. TpaHcnauus danna B Atmel Studio
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B, ASF Explorer %% VA View % VA Outline [CRESITELE=

daiinel, KoTopsle BbibpaHbl
No 3aBUCHMOCTH, M UCNO/b3YEMBIE
B Flowcode.
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®dyHKUMKM, KOoTOopble nporpamma He wmcnonb3yeT, Atmel Studio He TpaHcaumpyeT, noatomy hex-daiin
nosyyaetca 6o0see KOMMAKTHbIM. YA0OCTBO 34eCb B TOM, YTO MOXHO MNPOAO/IXKUTL PaboTy Hapj
nporpammoli B Flowcode, a TpaHcanposatb eé B Atmel Studio, HO HM TeKcT nporpammbl Ha Cu, HU
nepeaenkn 6mbamoteuHbix dannos He Tpebyetca. Atmel Studio ncnonbsyet Bce dannbl, 3agaHHble B
nporpamme Flowcode, HO BbIBMPAET N3 HUX TOJIBKO TO, YTO HYXKHO A/1A PaboTbl Nporpammel.

I'naBa 6. KinaBuaTtypa
YeTblpe KnaBuLIKU, UCNOJIb3yEMbIE A/1A YNPaBAeHNs annapaTom, AOCTaBUAM MHe 6osee BCero x/a0nor.

Mo cyTn, YeTbipe KHOMKM, KOTOPblE Yepe3 PeE3NCTOPbI MPU HAXKATUM NOAKAKYAIOTCA K «3eMae», camasn
pacnpocTpaHEHHAA KOHCTPYKUMA. N aaxke He To, YTO KHOMKWM NOAK/OYEHbl K Maaawmm butam noprta,
KOTOpble 0B6CNYKMBAOT CErMEHTbl MHAMKATOPOB, CMYTU/IO MEHS — UCMO/Ib30BaTb OAHU U Te *Ke BblBOAbI
Ha BBOA, M Ha BblBOA, HUKTO He 3anpeuaer. CMyTUI0 MEHA TO, YTO KHOMKM MOAKAKOYAtoTCA K obwemy
nposBoAay Yepes conpoTueneHns B 5 K. NepBoHa4YaNnbHO A HENPABMIbHO MNPOYNTAN HOMWHA, PELLMB, YTO
310 510 OM. N HEKOTOpOE BpemA HE MOT MOHSATb, MOYEMY KHOMKKN He paboTaloT.

M3-3a OTCYTCTBMA CXEMbI, U3-3a CMELIKN A HE YA0CYXKU/CA NMPoaHaAn3npoBaTh, NOYEeMy caeaHo TaK, HO
CTano MoHATHO, 3ayem obluMe BblBOAbI MHAMKATOPOB MOAKNOHYEHbl Yepe3 TPaH3UCTOPbl. Bbikatouyan
TPaH3UCTOPbI, 3anpeTuB WCMO/b30BaHWE MOATAMMBAIOWMX PE3UCTOPOB, MOMKHO CcAefaTb BXOApbl
«BUCALLMMM B BO3AYXEN, YTO MO3BOJAET MPOUYMTATh HaXKaTble KHOMKKU KaK HOMb. fl HE UCKAKOYAlo M TOro,
4TO BCE BblllE HanucaHHoe He 6osee, yem MOE ouepeaHoe 3abaykaeHune. Ho ¢ NoMoLLbIO My/bTUMETPA
A MbITaNCA NOHATb, KOrAa KHOMKW AAl0T A0CTaTOYHO HU3KOE HanpsaXeHue, YyTobbl 0BHYIUTL BXOAbI, U
ocBoboXaeHMe BXOA0B Bbl1I0 eAUHCTBEHHbIM, YTO MOMOII0 CYMUTLIBATh KAasuluKn. Mpu 3TOM Aaxke To,
UTO B KaKOM-TO MOMEHT A JiepKas nnaTy B pyKe, Mewwano paboTte Knasuatypbl.

MpU3HaTbCA, MHE OYeHb XOTENOCb 3aMEeHUTb PE3NCTOpPbI, 0cTaBUB conpotmueneHne 200-300 Om, 4TobbI
nposepuTb, ByaeT M KnaBnaTypa paboTaTb C NOATATMBAOLLMMU pe3ncTopammn. Ho HECKONBbKO paHbLue 1
Y)Ke CTaZIKMBAJICA C OLUMOKOM, KOTOpas MOT/a BbIBECTU CXEMY M3 CTPOS, MO3TOMY 3KCMEPUMEHTMPOBATb
He cTan.

Mpes, Kak A eé noHan, 6bina B TOM, YTOBbl BbIKNHOYUTL TPAH3UCTOPbI, 3aNPeTUTb MCNOAb30BaHUE
NOATATMBAIOLLMX PE3UCTOPOB M NEpeonpesennTb YeTbipe MAaaWnx 6UTa Ha BXoA.

MpoBepss paboTy MUKPOKOHTPO/NEPA, A, KOHEYHO, CTApasicA MCMO/b30BaTb KOPOTKME MPOrpammsl,
BbINOMHAIOWME TONbKO onpegenéHHble OYHKUMM, HyXHble Ana pabotbl. [Mo3Tomy cuMTbiBaHME
KN1aBMaTypbl MEepPBOHAYa/IbHO BbIMIAAEN0 HEOO/MbLWOW MpPorpaMmoi, KoTopyto A 3arpysmn B MK u
npoBepus (346eCb KOMMbIOTEP HE MOMOLLHUK) C PeasibHbIM YCTPOMCTBOM. HECKOIbKO MOMbITOK NpUAaTh
nporpamme 6onee «NPUAMYHBIN» BWA OKOHYMAUCL Heyaadel. OTyero-To He 3axoTena paboTaTb
KNaBMaTypa NpW CYUTLIBAHWM BCErO MOPTA C MACKOMW M MEpPeKNOYEHMEM MO Pes3ysibTaTy CYMUTbIBAHMA.
HaBepHoe, cnepoBano BbIACHWMTL, B YEM npobiema, HO KaxKpana npoBepka TpeboBana pa3bopku wu
cbOpKM, YTO, COrnacuTecb, HEMHOTO yTOMUTENbHO. M A cMupuaca ¢ Tem, YTo paboTtano. BoT yacTb sToi
TECTOBOM NPOrpammsi:
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CKon

[

G
f”ta'cmde belo.. 3anper Mcnonb3IoBaHWA
MCUCR =1¢<4 NOATATUBAIOLMX PESUCTOPOS.

Bce nepemexHble ana
CYUMTBIBAHMA KHOMOK B

enuHULLY.

BoirnwoueHue nopTa.

CumntbiBaHMe nopta e
nepemMmeHHYH Wrem.

Onpoc nepeoi KHOMKM.

PelweH1e

TEa =07 ] Ecnun ona obHynuna exog,..
fa

BrntoueHWe MHAMKATOPOB.

WHaukauua
cpabaTblBaHMA KHOMKK.

BbikntoueHmne TpaH3ncTOpOB
0Bl BEIBOGOBE MHOWKTOPOB.

BriknioueHue nopTa cermeHToB.

CuutsiBaHue nopTa.

Onpoc BTOPOIA KHOMKM.

Pewenus
I but2 =07 ] Ecnu BTOopan KHoMKa HamxaTa.

La
Her

W1

Puc. 6.1. YacTb nporpammbl CYMTbIBAaHUA KHOMNOK

Mocne peweHna Co CYHUTbIBAHMEM KHOMOK OCTa/1oCb I'IO,CI,O6paTb 4YacCToOTy nepeknrYeHunA BBYKOBOVI
CUrHannsauumun 6J1I/I3Ky}0 K pe3OHaHCHOﬁ 4acCToTe mn3ny4dartena, BKAKYUTb U BbIKZIOYUTL pene B pa60qe17|
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Lenu 1 euLé HeKoTopble Mesioun, CBA3aHHbIe C opraHusaumen paboTbl Taimepa, A06aBUTb TOUKY AN
ABYX MHAMKATOPOB, UCNO/Ib30BaTh MacCUB ANA 3anuncy umdp U T.0.

3aKJ/Ilo4yeHue

He BCerga pasymHble NpeanosioXeHnA Aat0T pPa3yMHble pPe3ynbTtaTthbl. Ho " 13 cBoux OWKMBOK MOXKHO
nocTapaTbCA U3BJIeYb MOJIe3HbIM ONbIT. Tak, HAaNpPMMmep, A HUKOrA4a He CTaJIKMBaCA, XOTA M CAblwal, C
I'IpOﬁIIEMOﬁ CHATNA 6uToB 3aWuThbl. OKa3aﬂOCb, 4yTO napanneanblﬁ nporpammartonp, FIO,LI,KHPO‘-IaEMbIﬁ K
nopTy LPT un COCTOHLLI,MVI N3 HECKOJIbKMX pe3nCTopoB U NpPOBOAKOB, MO3BOJIAET /IETKO 3TO CAENATH. To
ecTb, ecin Bbl NO owubke 3abAOKMPOBAaAM MUKPOCXEMY, TO B pPEXUME BHYTPUCXEMHOIO
nporpammmpoBaHnAa C NMOMOLBKO TAKOTo NporpammaTtopa MoXKeTe BOCCTaHOBUTb pa6OTOCI'IOCO6HOCTb
KOHTpoAsepa.

MHorne cneunanncTbl cYMTaloT, YTo nNporpamma Flowcode xopowa TonbKO Ans co3aaHuMa ENoYHbIX
rmpnaHa. A ybeaunca, 4To C Hel BNOJIHE MOXKHO paboTaTb M npu co3gaHua nporpammbl K 6onee
CNIOXKHbIM YCTPOMCTBAM.

Y KaxgoW nporpammbl ecTb CBOM HegocTaTKM. Tak Flowcode He caMWKOM 3aboTUTCA O NamaTy
peanbHoOro MMKPOKOHTpoaepa. Ho aTy npobnaemy moxHo o60iTH ¢ nomoubto Atmel Studio, KoTopas,
KCTaTW, He NO3BOJIAET CO34aBaTb OT/1IAA04HbIM BapuaHT NPOrpammbl, ECAN NAMATM He XBaTaerT.

B pacckase A ucnonb3osan oTobpa)eHuMe HanpsAXeHuAa C 3adaTyivka, B peasibHOM YCTPOiCTBe
MCnonb3oBaH elwé oanH KaHan AL, cunTbiBalOWMIA NajeHne HanpasKeHua ¢ pesuctopa B paboueit
LENM, 4YTO M MOCAYXKMAO MNPUYMHOW MOEW W3HaYaNbHOM OLMBKK, HO A06aBMIO yBaXKeHua K
pa3paboTunKkam 3TOro annapara.

He aymato, 4to MHe yganocb bbl caenaTb BCE ObicTpee, HayHU A paboTy C HaNMCaHUA NPOrpamMmbl Ha
A3blke Cu, a Tem 6osee Ha accembnepe. MNporpamma, BO3MOMKHO, NOAYYNIaCb HE CaMOM KPacuBOM, HO
MHEe HY»KHO Bbl/10 OT HEE TONbKO TO, YTOObI OHa paboTana. M oHa 3apaboTana.
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